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ABSTRACT

TASER electronic control devices (ECDs), manufactured by TASER
International, Inc. in Scottsdale, Arizona, have become a popular tool for law
enforcement. TASER International has sold more than 710,000 devices to 16,880
agenciesn 107 countries. Although other manufacturers produce comparable types of
electreshock weapons, TASER products are the most commonly used in the United
States and worldwide.

Unfortunately, more than 87people worldwide have diathexpectedly
followingl aw enf or ¢ e meoi TASERFECDsc @urrentfy, thers is no
researcldefinitively establishing a causal relationship between the use of an ECD and the
death of a person exposed to it. However, some recent studies suggest that application of
TASER technology is responsible for sudden unexpected deaths. The ever increasing
number of deaths following application of TASER ECDs and the growing number of
cases wherein a coroner or medical examiner attribute the use of an BC&uas of
death or as significant contributing factor to the death raise legitimate concerns about
the safety threshold of the devices.

Researchers have proposed and tested many theories of why people die following
the application of ECDs, including direct eleesttmulationof cardiac muscle,
interference with breathing, and metabolic changes resulting in acidosis. Thus far,

human model experiments have produced no evidence to support these theories. Another
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theory, which has recently appeared in the literature, has egceovempirical testirdy

the theory of highrisk groups. Higkrisk group theory postulates that elderly people,
young children, people with pexisting cardiovascular disease, people with pacemakers
and implantable cardiovertelefibrillators, people undehe influence ofirugs
(amphetamines, cocaine, lysergic acid diethylamide, marijuana, opiates, and/or
phencyclidine)or with a history of drug abuse, people intoxicated from alcohol or with a
history of chronic alcohol abuse, people under extreme pygical distress or who

exhibit signs of excited delirium, people who are mentally ill or taking psychotropic
medications, people subjected to repeated or multiple applications, and pregnant women
are at a heightened risk of serious injury or death follgwajpplication of a TASER

ECD.

What the current literature fails to consider is that the same physiological
attributes that are presumed to render members ofrlsiglyroups more vulnerable to
serious injury or death following application of a TASER ECQmirender these same
people more vulnerable to serious injury or death regardless of the tactics or weapons that
officers use to subdue them. If that hypothesis is correct, the use of TASER ECDs on
people in higkrisk groups might be irrelevant to arrestated sudden deaths.

The potential for fatal adverse effects on higtk groups when using other less
lethal tactics and methods versus the potential for fatal adverse effects giskigh
groups following the use of a TASER ECD is currently unknowhus far, research has

not directly addressed the question. é&amining autopsy and toxicology reports of the
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deceased antbmparing differences in the physiological attributes of anedated
sudden deathsne can then estimate whether a differengst®in highrisk group
attributes between deaths proximate to the use of a TASER ECD andru#aths
involving the use of an ECD.

An arrestrelated sudden death is a death that occurs following a collapse within
24 hours after the initial arrest or defent The death must be unexpected, must not be
the result of trauma or injury that a layperson could readily discern needs medical
attention, and must follow a sudden change in clinical condition or the beginning of
symptoms from which the deceased doasracover. It does not include police
shootings and suicides.

Thiswork wasa retrospective open source research study of publicly available
autopsy and toxicology reportiesigned to compare the physiological attributes of-high
risk group theory to twgroups of arrestelated sudden deaths, TASER E@Dximate
deaths and neBCD deaths. A noproportional stratified random sample of 300
publicly available report&/asobtained for study and coded for physiological attributes of
high-risk groups. Desaqotive and inferentiafjuantitativestatistics s peci fi cal | y ¢
t-test P e a r s osguareand Wivariate logistic regressidiogit) wereused to analyze
the data and compare attributesany significant differences observe#éidditionally,
crisp setQualitative Comparative Analys{ssQCA)was used to examine whetherya
configuration of causal conditions describeah&que path to arreselated sudden death

following application of a TASER ECD.
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No statistically significant difference the frequencies ohonECD deathsand
ECD-proximate deaths was observed in seveaahblesof high-risk group theory:
cardiovascular disease, presencdrafs history of drug abuse, alcohol present, and
presence of psychotropic medicatio®SCD-proximate dathswere more likelythan
non-ECD deaths ircases involvingxcited delirium. ECBEproximatedeathsvere more
likely thannonECD deaths ircases involving cocaine and in cases involving a history of
chronic alcohol abusdnsufficient data existed to lcalate any difference ifrequencies
of deaths involving pacemalgaind implantable cardioverteefibrillators. The o
remainingtenets of higkrisk group theory, mitiple applications and pregnanayere not
examined in this study.

Examined independénl y wi t h t-taest, Bople th¢hae sadme who suffer
an arrestelated sudden death following application of a TASER ECD are approximately
2.67 years younger than those people who suffer an-aetattd sudden death absent the
use of a TASER ECDOhat difference being statistically significadf € 298,t = 2.13,p
= 0.03). However, itwo logit models, while controlling for other predictive variables,
the difference in ages between the groups is insufficiently large to establish statistical
significance g=-1.33andz=-1.43).

Sex data from the sample indicates that amnelsted sudden deaths following
application of a TASER ECD more frequently involve males than females, but the effect

sizeissmall¢gf= F£36.86,p< 0. 0-0.15). dnthedogit modelswhile controlling
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for the other predictive variableke difference in sex in the sample is insufficiently
large to establish statistical significanee=(1.77andz = 1.75).

E x a mi n &amdydiswsing four categorical designations for race, the
differences irfrequency of an arreselated sudden death following application of a
TASER ECD compared to deaths not involving an ECD for Whites, Blacks, Hispanics,
and other races/ethnicitiesstistically insignifican{ df= 33 1.16,p=0.78,

Cr a m®@=+ 1M0$). When cesignated as a dichotomous variable of White = 0 and all
other races/ethnicities = 1, the difference in r@eainsstatistically insignificant irboth
logit models (z =0.17andz = 0.1§.

Analyzed h r o u’gtte difference in arreselated sudden deaths following
application of a TASER ECD compared to deaths not involving an ECD is statistically
insignificant for people with cardiovascular diseasfs( £z0.86p= 0. 35,
0.05). Inthelogit models, the difference observed in cardiovascular disease is
insufficiently large to establish statistical significanze ¢€0.26andz=-0.11).

Insufficient data exist to analyze the significance of the pacemakers and ICD variable.
Viewed througtthe significant configurations in csQCA, cardiovascular disease is
associated more frequently with rRExCD deaths than with EGProximate deaths. Only
when cardiovascular disease interacts with ExDS does it become more frequent in ECD
proximate deaths,ub that association is more likely due to the influence of ExDS than of

cardiovascular disease.
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When cal c (/lthe tiflednceiin frefueneies between asrekstted
sudden deaths involving drugs following application of TASER ECDs compared to
deahs not involving an ECD is insufficiently large to establish statistical significatice (
= fz206p= 0.15, G = 0.08). That relationshi
amphetaminedf= f50.08p= 0. 8®01), chcainedf= Fz268p= 0. 11,
=0.09), marijuanadf= f50.08p= 0. 8-8.01), dpiatesdf= Fz2.04,p=
0. 16, 9fiandPCPdf=0 Ffz2.04,p= 0. 1-6.08). dnsufficient data exist to
analyze LSD individually.

In logit model one, Wile controlling for the other predictive variables, the
difference in drugs present is insufficiently large to establish statistical signifiance (
-1.92). In model twohowever the difference in drugs is significarz£ -2.06). When
viewed throgh the significant configurations in csQCA, drugs are associated more
frequently with norECD deaths than with EGpProximate deaths. Only when drugs
interact with ExDS and cardiovascular disease does the variable become more frequent in
ECD-proximate dedts, but that association is more likely due to the influence of ExDS
than of drugs.

E x a mi nZ%the diffarence in frequencies between afrektted sudden
deaths for people with a history of chronic drug abuse compared to deaths not involving a
histoty of chronic drug abuse is insufficiently large to establish statistical significdhce (

= F=084,p= 0. 3-0.08). The difference in history of chronic drug abuse was
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also insufficiently large to establish statistical significancénénlogt models (z = 0.55
and z = 0.47).

When exami ned ? thedifiersnce irefrequencies befween arrest
related sudden deaths for people exhibiting excited delirium compared to people without
excited delirium is sufficiently large to establishtistical significancedf= £z &
16.79p< 0. 01, ,add betHodit m@dél3 calculate a statistically significant
difference ¢= 3.01andz = 3.37). Viewed through csQCA, only three significant
configurations are more likely to appear in E@ximate deaths than in n&CD
deaths. One of those three configurations contains no variable efiskgiroup theory.

The other two contain ExDS, and none of the significant configurations that are more
likely to appear in nofiECD deaths contains ExD3Arrestrelated deaths involving

ExDS are more likely following application of a TASER ECD than they are irB@D
cases.

Exami ned i n 2 thedifferenteiindraqudangies lsetween asrektted
sudden deaths for people with alcohol in their systems compared to people without
alcohol is insufficiently large to establish statistical significamtfes( ¥ 5 0.08,p =
0 . 8 &0.01)i Thelogit models also calculate a statistically insignificant differeace (
=0.26,2=0.17, andz = 0.52). Viewed through csQCA, alcohol does not appear in any
of the substantial configurations that appear more frequently infrGkmate deaths,
although it does appear in the one configuration that occurs with equal frequency in both

groups.
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When exami ned ? thedifiersnce irefrequencies befween arrest
related sudden deaths for people with a history of chronic aledlusle compared to
people without a history of chronic alcohol abuse is sufficiently large to establish
statistical significancedf= fz9.64p< 0. 01, (@G = O-:pbBmate meani n
deaths are less likely than r&€D deaths to involve people Wwig history of alcohol
abuse.Both logit models calculate a statistically significant difference {2.43andz =
-2.37). History of chronic alcohol abuse does not appear in the significant configurations
of csQCA.

When exami ned ? thedifferencelindréqueacies Hetyeeo arrest
related sudden deaths for people with mental illness compared to people without a mental
illness is sufficiently large to establish statistical significantfe( £ = 13.88,p< 0.01,
ad = 0. 21), -pmxénata deatls ar& rédee likely than ABED deaths to
involve people with mental illness. Logit model one also calculates a statistically
significant differencez= 2.81). However, the mental iliness and psychotropic
medications variables are collineard j u s t?g)k. 100R24)6 Combining the two
variables into one variable for logit model two, the difference becomes insufficiently
large to establish statistical significanee=(-1.43). Mental illness does not appear in the
significant configuratias of csQCA.

When exami ned ? ihadifiersnce irefreuencies bejween arrest
related sudden deaths for people taking psychotropic medications compared to people

without psychotropic medications is insufficiently large to establish statistica
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significancedf= fs02dp= 0.63, G = 0.03). Logi t
statistically insignificant differencez € -1.86).

In the csQCA truth table, 24 case configurations emerge from the 32 causal
configurations possible fdive dichaomous variables. The csQCA truth table cannot be
resolved of conflicting configurations, so prime implicants cannot be deduced. Of the
eight significant configurations with frequency cell counts of ten or more, all are
conflicted. Only three of the digsignificant configurations are more likely to be
involved in an ECBproximate death than they are to be involved in alBGD death.

One of those configurations contains no condigermaneo highrisk group theory.

The other two configurations cam ExDS in combination with drugs or with drugs and
cardiovascular disease. Cardiovascular disease and drugs do not appear in any
configuration more likely to be involved in an EGoximate death, except for
configurations that interact with ExDS. Mahillness does not appear in any of the eight
significantconfigurations.

These results have significant policy and legal consequences. Many law
enforcement agencies areaxamining their policies on the use of ECDs on people with
pre-existing cardiovasular disease, on people intoxicated on drugs, on people who are
intoxicated on alcohol, or on people with mental illness will have little effect in reducing
arrestrelated sudden deaths. Conversely, the data indicate that use of an ECD reduces
thefrequency of arrestrelated sudden deaths for people intoxicated on cocaine or who

have a history of chronic alcohol abuse. The literature indicates that the use of an ECD
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reduces injuries to officers and suspects. Consequently, policies restricting the use of
ECDs will likely increase noifatal injuries to officers and suspects without the
concomitant benefit of reducing deaths. The results related to ExDS, however, do
indicate an increasddequencyof death following application of an ECD. Further
researchs necessary to clarify why, but, in the meantimhaight prove prudent for
officersto consider using other force options, whenever possible, on subjects who display
the constellation afymptomgelated toEXDS.

The courts have forewarndaat they wil consider in deciding the objective
reasonableness of a use of force whether an individual is emotionally disturbed, suffering
from a mental illness, or suffering from diminished capacity, which can include severe
intoxication, drug abuse, a discernibhental illness, or any other condition apparent to
the officer that would make that use of force likely to result in significant risk to the
i ndi vi dual 0-Beind dtelresulis inathis study indicate that the courts should
consider that the usd# an ECD is no more likely than other force options to result in a
significantly increased +ding.kincasesobn i ndi vi d
intoxication from drugs, particularly intoxication from cocaine, the use of an ECD is less
likelytoress 1 t i n a significantly incrsanged ri sk
On the other hand, there is an indication that the use of an ECD might result in a
significantly increased +dingikthatimividualisi ndi vi d

experiencing ExDS, thereby increasing potential liability exposure.
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CHAPTER |

INTRODUCTION

TASER® electronic control devicesnanufactured by TASER Internationkic.
in ScottsdaleArizona have become a popular tool for law enforcement since Jack Cover
patented and sold the first device in 1974 (Sn@€06)! Almost 40 years of
technological development have produced several generations of TASER products.
Earlier generation devices included Fe76™, the TASERTRONY, the AIR TASER
34000", the M18™, the ADVANCED TASER’ M26™ and briefly, the XREP™.
Only the later generation modeie X26™, the X2 the X3™, and the C?", were in
production at the end of 20¥2By the end of that yeaTASER Irternational had sold
more than 71000 device to 16880 agencies in 107 countries (Kukows012).
Terrill, Paoling and Ingram (2012)n a national survey of police agengisund that
approximately 80 percent of the 662 responding agencies in the United States reported
that they were usinglectronic control devicg

Although dher manufacturengroducecomparablaypes of electreshock
weaponsTASER productsare the most commonly used in the United States and
worldwide, andTASER technology hasndergonghe mosextensive domestic and
international scientific testing related iis safety efficacy, and risk utility (Peter2006).
Consequentlybecause other manufacturers use different elasttock technologies

becaussofew deathdavefollowedthe application of othananufacture@products

! TASER® and ADVANCED TASER are trademarks of TASER Internationialc.,
registered in the United States. All rights reserved.

2 TF-76™ TASERTRONM, AIR TASER 34000, M18™, M26™, XREP™, x26™,
X2™ x3™ and C2M aretrademarks of TASER Internationdtc.



and becausthere is sdittle researctonthe effects obther electronic control
technologes this study examirsonly theeffectsof TASERbrand namelevices Any
death involvinganother brand name device will not be a death related to a TASER
electronic control devigalthough, depending on the circumstances, it might be an
arrestrelated sudden death.

Researcherand authordiave usednanytermsto describe TASERroducts
including neuromuscular incapacitating devjamnductecenergyweamns conductive
electrical deviceselectronic control weaponand electronic control devicesor
simplicity, theterm electronic control device and @ronym ECDare usedere.

The TASER X26, the X2, and the X3which arethemodels that most everaw
enforcement agency now usdsliver a fivesecond electrical charge of 19 pulses per
secondPPS) each pulse lasting approximately 100 microsecdpdgs Theaverage
peak loaded voltage over the duration of the main phase isvb#8(QV) with an aerage
over the full phase of about 3%0 The current averages 2.1 millian(psA) and
delivers about 0.07 jouldd) of energy into the loadThe device also generates an open
circuit voltage of up to 5000V to arc through air or through thick clothirgutthe ECD
does not delives0,000V to the bodyKroll, 2009 Kunz, Zinka, Fieseley Graw, and
Peschel2012).

TASER ECDs operaten three waysprobe modedrive-stun modeanda hybrid
mode The probe mode uses compressed nitrogen to propelédmdestowarda
target. A pseudemonophasic waveform electrical signal transmits through connected
wires to where the probes make contact with the body or with clothing. A pseudo

monophasic pulse is a biphasic pulse in which the second phase duratiarnigreater



than the first. Optimal results of the probe mode include immediate loss of
neuromuscular control and loss of the ability to coordinate muscular actions for the five
second duration of the electric impu(§anescu, KrollandStratbucker, 209).

The drivestun mode results from pressing the electrodes of the ECD directly to
the skin thus stimulatindA-i  n e u r #lprodude b emnsation of sharp peial
therebyto promote compliance. In thgbrid modethe electric current passesriia
single probe to either or both tfetwo drive-stun electrodes on the weapon that are in
direct contact with the skin (Panesetial, 2009).

TASER International manufactured itary generations of ECDs from the 1970s
through the 1990s. Thesarly deviceswvere essentially painomplianceools but,
following some product demonstrations wherein test subjects were able to fight through
the pain TASER Internationatlevelogdnewer weaponthatcould interfee with
voluntary muscle control (SmitR2006).

Newer generatioWASER ECDsin production since 199@mploy electre
muscular disruption technology that affects the sensory and motor functions of the
somatic nervous system (International Association of Chiefs of P2DE6). The
somatic nervosi system is thatart of the peripheral nervous system that serves the sense
organs and the muscles of the body wall and limbs and that brings about voluntary
muscle activity. Theegripheral nervous system is that entirety of the nervous system that
lies outside the brain and spinal comslodern ECDsuse electrical stimuli to interfere
with peripheral nervous systesignals temporarily to impair a subjéability to control
voluntarymuscle movement through a phenomenon calledus a series of rapid

repetitive contractions and relaxations in a muscle during move@etith, 2006).



TASER International engineerelet1 00 us pulsesof the pseudanonophasic
waveformto stimulateA-Y mo t o r thereenves that sontrol skeletal muscle
contractionwithout stimulating cardiac muscle (Krp#009). However DespaBasatj
Zhang DANdreg Reilly, Bodnar and Leg2009) theorize that because electrodes in
contact with the body awtite multiple nerve types in the area of the electriboe
electric pulses might stimulate spinal reflexes. They could not determine whether the
impulses influence the central nervous system. Sun and Webster (2007) suggest that
stimulation of the spinaord, and consequently the central nervous systemld occur
with probe penetration into the anterior torso.

Studies on the effectiveness of TASER ECiave yieldednixedresults In a
pilot study examining a random selection of 400 deployme#fesidh, Henych
Hougland and Thompso(2005) reported ASER ECDBs weresuccessful isubdung the
suspect without the need for further use of fanc&8 percent oincidents In a
subsequerdgtudyata large metropolitan police agentyhite and Ready (2007¢ported
thatdeployment of TASER EC®incapacitate85 percentof suspectsvho were then
taken into custody without further inciderih studies of deaths following the application
of TASER ECDshowever Williams (2008) found thathe ECDs were ineffetive in
subduing 61.6 percent i3 peoplewho diedsubsequenb the application of the ECD
White, Ready Riggs Dawes Hinz, and Ho(2013) found thain 58.4 percent 0892
TASERECD-proximatedeathghe subjec cortinued to struggle either immedite

after the application of the ECD or at some later point in the encounter.



The Lethality Debate

Arrestrelated sudden deaths occur rarely. In 2808 latest year for which data
are availablepolice in the United States engaged in approximately édidmface-to-
face encounters with citizens (Eith and Dur@#1). Subsequent to those encounters
the Bureau ofdusticeStatistics (BJS)through the Deaths in Custody Reporting Program
(DCRP) reported 629 arrestlated deaths (Bur¢B011) which ncludedsuicides
officer involved shootingsand other fatalities that are not arresated sudden death
Unfortunately the BJS reports aggregate data in a way that makes disaggregating data on
arrestrelated sudden deaths impossible. Silllarrestrelated deaths occur in only about
1.57 of every 10000 police/citizen encounters.

From 2003 through 200%he Federal Bureau of Investigation (FBI) reports
approximately 97.9 million arrests in the United States. During that same,pkee®0S
reports 4813 arrestelated deaths (Bur¢B011). Againit is impossible to disaggregate
data on arrestelated sudden deathsut all arrestelated deaths occurred in only about
4.92 of every 10000 arrests. Arrestlated deaths are only a small sulefeall deaths
but to put the arreselated death rates in perspectivee ageadjusted death rate in the
United States was 749.6 deaths per,Q00 people in 2009 and 746.2 deaths perQID
people in 201@Murphy, Xu, and Kochanek2012) It is important to note thatheFBIGs
Uniform Crime Reports (UCR) data on arrests do not include detentions for obtaining
emergencynedicalcareor detentions fomental health assistanc&he DCRP reports
that in 3.4 percent of reported deaths from 2008ugh2009 no criminal charges were
intended. These deaths occurred during mental health or medical transports (Burch

2011).



Reportsof deaths following the@seof ECDshave generatedjrowing public
debate ovethepotentially adverse effects of TASER techrgylo Public safety concerns
arising from this debataffect policy decisionsvhich, in turn, affectofficer andcitizen
safety The courtdunderstanding gbotentiallyadverse effectsf the use of TASER
ECDsinfluencedegal opiniononissues of liabity for wrongful deatrandculpability
for excessive use of force

The United States Department of Defede&nesnonlethal weapons akose
explicitly designed and primarily employed to incapacitate personnel while minimizing
fatalitiesandpermanentnjuries (Maier, Nance Price Sherry Reilly, Klauenbergand
Drummond 2005). Although TASER ECDs fit within the Department of Defense
definition of nonlethal manylaw enforcement executiveschew thtterm in favor of
eitherlesslethal or lesghanlethal (Police Executive Research ForandU.S.
Department of Justic@011). Currently, the generally accepted termésslethal which
conveyshesense thatalthoughECDsarelikely to be less injurious than lethal foree
possibilitystill existsthat death or serious injupanoccurwith the use othoseweapors
(Sloane and Vilke2008).

Currently, there is no research or evidence establishing a causal relationship
between the use of an ECD and the deatnpafrson exposed to it&ub 2011; Standing
Advisory Subcommittee on the Use of Fqr2@07 White, et al, 2013). To the contrary
many studies rule olECDsas the primary cause of deaths foliogitheir application
(Synyshyn2008). Insteadnostcurrent research suggests that deathscest®d with
ECDs are generally attributable to other causedtaatdieaths proximate to the

application of ECDs are coincidental (Chand and IN2809) However some recent



studies suggest that application of TASER technology is responsible for sddes su
unexpected deaths (Ledttinghoff, Whiteman Park Lau, and Tseng2009; Zipes
2012).

Fox and Payndames (2012nodified theNaranjo algorithmanalgorithm
popularfor testingattribution of pharmaceutical products to serious adverse ew@nts
review 15 deaths proximate to the application of a TASER EQDeyclassified ®
cases aprobable and oneaseas definite Howevertheyalsofound that the mode of
death inthe 20 probable casess unrelated to the properties of the ECD. Eightifesl
were due to secondary blunt head trauma from, fatidtwo deaths occurreldecausef
ECD-ignited fires in atmospheres containing flammable vapbrshe ten remaining
casescoroners or medical examinaxttributed concomitant cardiovascular @ise or
drug useas the cause of deathrom the results of the studyeyconcluded that some
published case fatality rates attributable to ECD exposure seemed exaggerated.

Moreover severajudicial andinvestigative bodiebavedismis®dthe likelihood
that ECDsareresponsible foarrestrelateddeaths.In rendering judgmerfollowing a
four-day trialto determine whethehe use of ASER ECDswasthe cause of death for
three men in Summit Count@hio, thetrial judge ruled that there was no medjcal
scientific, or electrical evidence to supp@rtonclusion that TASERCDshad anything
to do with those deathsTASER Internationatt al.v. Kohler, 2008). The Ninth Judicial
District Court of Appeals upheld that decisjaibeit with some changes toet trial
couris orders regarding requiredhanges tovording on the death certificateEASER

International et al. v. Kohler2009.



In 2008 after experiencinghree arrestelated deaths proximate to the use of
TASER ECDs in Alleghany Counti?ennsylvaia, from 2006 through 20Q8he District
Attorney convened a working group to study the use of those devicesvorkiag
groupconcludedhat at bestthere wasnsufficient evidence to believe careful and
judicious use of TASER ECDs caused deathse grbupconcludedhat if TASER
ECDs caused more deaths than other weaploasevidence would have shown a
substantial increase in arrestated deathafter they were introducetut no such
evidence existed (Harrig010).

In 2006 the United States €partment of Justice convened a panel of physicians
medical examinergnd specialists in cardiologgmergency medicinepidemiology
pathology and toxicology to conduct mortality reviewsohost300 TASERECD-
proximatedeaths. Thpanelreportedthat there was no conclusive medical evidetwe
indicate a high risk of serious injury or death from the direct effects of ECD exposure
(Laub 2012, National Institute of Justic2008.

However critics of TASER technologtold thatthe manydeaths followiry
application of TASER ECBdemonstrate that they gpetentiallylethal weaponsThose
critics note that coroners and medical examiners in several cases identify the use of ECDs
as the cause of or a contributing factor to the deathsnesty Internatioal, ahuman
rights organization and winner of the 1977 Nobel Peace,l@agzmtes the use of TASER
ECDs to the use of deadly force. The organizaigggestshat law enforcement
agencieshouldrestrict the use dECDs to fisituations where officers araded with an
immediate threat of death or serious injury that cannot be contained through less extreme

options in order to avoid the resort to firearffsmnesty InternationakR008a:10.0



AlthoughAmnesty Internationalecognizes thaeedfor law enforcenent officers taise
force in justifiablecircumstancest contends that serious questions remain unanswered
concening safety thresholds of ECPend it urges a moratorium dineir use pending
rigorous independent studies.

Kershaw (2004jirst reported a 29 deaths related to the use of TASER ECDs
from 2001 through 2003 She noted the rising rate of deatrech yead 3 in 2001 10 in
2002 and 16 in 2003 Angen (2004 )eported 44 deatressociated with the use of
TASER ECDsn the United States and Calerom September 199& March 2004. He
noted that coroners medical examiners listetie use oECDs asa contributing factor
in five of those cases. Amnesty International (2q4lisheda report that cited4
deathdollowing the use of TASER ECDa the United States and Canddam June
2001throughJanuary 200. In seven of those cas&®ronersor medical examiners
concludedhateither the use of ECO=ntributed to the death treycouldnotrule out
the useas a cause @contributing fator. Barton (2005) reported on 27 TASERD-
proximatedeaths in Floridérom June 2002hrough January 2005. Although she noted
thatcocaine use was involved 7 of the 27eathsshewrote thatmedical examiners
had listed theise of arECD as a coniiouting factor in three casgsndtheycould not
rule it out in one more.

Two years after his original reppAnglen (2006) publishednaupdatehat listed
167 deaths in the United States and Carfiamha September 199 rough December
2005. Of those aehs coronersor medical examiners listed TASER ECDs asdhase
of death as a contributing factor in the deatin wereunable to rule out these of the

ECD as a cause of death in 27 cagésabout the same times thesecondAnglen



report Amnestylnternational (2006) publisheaxdsecondeport listing 152 deaths in the
United Statesrom November 2004 through February 2@0®l claimed thanhedical
authorities had listed the useafECD asa contributing factom 26 ofthem

Williams (2008) publibed a list of 213 deaths in the United States that occurred
from August1983 the date of the earliest recorded death related to the use of a first
generation TASER ECDRhrough December 2006hortly thereafterAmnesty
International2008b)published ahird reportlisting 334 arrestrelateddeathghat
occurredn the United Statesom June 20010 August 2008 Although Amnesty
Internationaldid not claim that all 334 deathssulted fronthe application of ECOghe
reportemphasizd that in at leasb0 cases coroneedmedical examinerbadlisted the
use of TASER ECPBas a causef or as acontribuing factorto the deati{Amnesty
International 2008a) Most recentlyWhite, et al. (20B) reported incident level data on
392 arrestelated deathm the United Statesmvolving deployment of an ECD from 2001
through 2008.

The ever increasing number of deaths following application of TASER ECDs and
the growing number of casesereina coroner or medical examinattribute the use of
an ECD aghe caise of death assa significant contributing factor to tlueathraise
legitimateconcerns about the safety threshold of the devidesling to the concerns are
reports and studies that conclude ECGide capable of causing death.

To address concerns alide death of aeportedly healthyoung man
Maryland Attorney General assembled a Task Forc&lectronic Weapons to study
the effects of TASER ECDs amdrecommend best practices for law enforcemdtiter

a year of gathering information and haidipublic hearingghe task forcéssued its
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report urgng Marylands legislature law enforcement agencies deploying ECard
front-line officers to recognize thaherentrisks of serious injury anthe risks ofdeath
from secondary factors such addair the stress of being shockgtigginbotham
Warnken SnowdenAlves, BoersmaCrawford Hanse] Hammack Lopez Johnson
McKinney, Meekins Pelton Ricks, and Warren2009).

Leg et al. (2009)eported survey results on the effects of TASER ECD
deployment on rates of Heustody sudden deaths in the absence of lethal.fdrce
study reported data from 50 agencies in Californidiveryears preceding ECD
deployment through the five years after deployment. The ratecofsitody sudden death
increasd 6.4fold in the first full year after ECD deployment comghweth the average
rate in the fiveyears before deployment. In subsequent yearss decreased to pre
deployment levelsTheresearcherspeculated that liberal use of TASER ECDs in the
first year might have contributed to tihereased ratesnd that&ter decreases might
reflect law enforcement recognition of the adverse consequences of ECD application
which led to adjustments unse.

Following a highly publicized and contentious deatrolring a TASER ECD in
the airport in VancouveCanadathe Attorney General of British Columbia ordered a
inquestto inquire into and report on the use of TASER ECDs in British Columiha.
commissioneconvened 61 days of hearings and received testynrom 91 witnesses.
In his reporton the inquesBraidwood (2009¢oncluded tha¢ven in healthy adults
TASER ECDscouldcause heart arrhythmiahich couldlead to ventricular tachycardia
(VT), an abnormal heart rhythm that is rapid and regular lzeidoriginates from an area

of the lower chamber of the heaahd/orventricular fibrillation(VF), an abnormal and
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irregular heart rhythm in which there are rapid uncoordinated fluttering contractions of
the lower chambers of the hearhich can causeeaéth

Zipes (2012)yeporedacase study series which eight peopldost consciousness
andsuffered cardiac arrhythmia following application of a TASER E@ardiac
arrhythmia carbeany of a number gfroblems with the rate or rhythm of the heart that
beating too fastoo slow or with an irregular rhythmSeven oZipecases resulted in
the death of the individuaghnd ame individualsurvived. All of the individuals were
males who received shocks from 426 with one or both probes in the chasar or over
the heart.On autopsypathologists discoverestveral victimshadstructural heart
disease and/or had elevated blood alcohol concentrafidneetoxicology reportsvere
positive formarijuanaandonewas positivefor medications for aeszure disorder Zipes
concludedhatelectrestimulation from the ECD in the presence of structural heart
disease and/or alcohol intoxication indudéd or VF. He based his opinion otimcal
electrophysiology studidbatestablished that the presemdestructural heart disease
facilitates electrical induction &ofT andVF, as does alcohol.

Althoughresearch has not yet establishetkfnitive causal relationship
researchers have proposed and tested many theories of why people die following the
application of ECDs. These theories haneludeddirect electrestimulation of cardiac
muscle interference with breathingnd metabolic changes resodfin acidosisan
abnormal increase in blood acidityhus farhuman model experiments have produced
no evidence to support these theories (PasgGi@mron Vallotton, and Yersin2011).
Anothertheory which hasrecentlyappearedn the literaturehasreceived no empirical

testing thetheory ofhigh-risk groups.
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Naissance of Higlirisk Group Theory

A commonthemein recent literaturen TASER technologpostulates that
groups ofpeoplewho have certain physical and mental attribat@smore susceptible to
sudden death following the application of ECDs than people who do not pthssss
attributes. Authors have coined the phra@egh-risk groups to identify suchpeople
There is no literature formally introducimg defininghigh-risk group as a uniquiaeory,
and no experimental human evidence currently exists to support theGhassymptions
(BozemanWinslow, and Hauda2009). Neverthelesdespite the lack ad formally
proposedheoryor empiricalsuppori references to highsk groups permeate recent
studies and reports on TASER technology.

High-risk group theoryappears taerive from a ompilation of findings in
morbidity andmortality studies related to the use of TASER ECDs. In the easliebt
study Kornblum and Reddy (1991) examined 16 deaths proximate to the eadyof
generation TASER EC® All thedeaths involved young malesth a history of
controlled substancabuse Thirteenof themwere under the influence of cocajne
phencycliding PCP) or amphetamine at the time tbieir death. In 11 casethe medical
examiner determined that the cause of death was an overdosg®fidany studies
followed linking sudden deaths to the uselé&fSER ECDsandthe use otommonly
abused recreationdlugs specifically amphetamines, cocaine, lysergic acid diethylamide
(LSD), marijuana, opiates, afiCP. Throughout the rest of the texhe term drug refers
to one or more afhese six drugs.

As the United Kingdom contemplated adopting the use of TASER BG®s

Defence Scientific Advisory Council Stdommittee on the Medical Implications of
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LessLethal Weapons (DOMILL) (2002) issuedstatement on their research. DOMILL
stated that there was no experimental evidence that the use of drugs increased the
susceptibility of the heart to the use of TASER ECDs. How&®®@MILL also stated

that there was indication from forensic data and kmelectrophysiological

characteristics of the heartapinethatpeopleintoxicatedwith drugs and alcohalr

those with preexisting heart disease could be more prone to adverse effects from TASER
ECDs compared to unimpaired individuals.

Fouryears laterduringevaluation ofa pilot programDOMILL (2006) issued
another statement that recommended research should be undertaken to clarify potential
hazards associated with the use of TASER ECDs on individuals who could be considered
to have a greater risk adverse effects. The hazarassDOMILL G view; included
possible cardiabyper susceptibilityarising from drugsacidosis pre-existing disease
and the vulnerability of pacemakers and other implantable devices.

In 2005 the Office of the Chief Coromdor Ontario reviewed all knowlASER
ECD-proximatedeaths in Canada to determine whether there was a causal relationship.
In every case studiedoroners omedical examiners determined that the deaths were
either a consequence of drug toxicity or cacgiions of delirium rather than the use of
TASER ECDs (Lucas and Cairr06). Nonethelesghe study reinforced the
correlation betweethe use ofirugsandsudderdeaths following the application of
ECDs.

EderheimerWarner Johnsonand Fridell(2006 conducted a study to compare
characteristicef TASER ECDuses that resulted greaths andses that did not result in

deaths. Theyantacted 96 agencies in 26 states and collected data on 78 deaths. They
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also collected data on 662 ECD ro@ath incidats that occurred between 2001 and
2005 in SeattldWVashingtonand MadisonWisconsin. Their analysis indicated that
death incidents were more likely to involve older pegpé®ple who manifested signs of
mental illnessand people under the influencedougs.

In an examination of 37 autopsy reports of patients who had died proximate to the
use of a TASER EC[5trote and Hutson (2006) reported cardiovascular disease in 54.1
percent of the cases. They also noted the use of illegal substances in Gé& qgder
casesand they reported a diagnosis of excited delirium in 75.7 percent of the deaths.
Excited delirium is a condition manifesting as a combination of delirium, psychomotor
agitation, anxiety, hallucinations, speech disturbances, disorientétant and bizarre
behavior, insensitivity to pain, elevated body temperature, and extraordinary strength.

Vilke, JohnsonCastillo, EderheimerSloan and Char{(2006) conducted an
extensive survey of police agencies that had reported a death followiagghcation of
a TASERECD, and hey collected data on 77 deathsutops reportswere available for
69 individuals. Based on medical examiideepors, alcohol anddrugswerepresenin
29.8 percent and 76.6 percent of the subjeespectively.

Drawing on the results of these studiessearchers began to reference attributes
of narcotics usgheart diseasehe presence of pacemakers and implantable defibrillating
devices (ICDs)excited deliriumage mental illnessand alcohol as indicators of
vulnerable or highrisk groups. In their second report on TASER technqglégynesty
International voiced concern over what they termed the paucity of research with respect
to fhigh risk groups such as those who have taken illicit drugs or who have unglerlyi

heart conditions (Amnesty Internation2006:28)0 They also expressed concerns about
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ECD use orivulnerable groupssuch as childrerthe disabledpregnant women and
people with mental ilinesses. . . (Apsty International006:28)0

In their repot on mortality studies of nearly 300 TASER E@&ated deathshe
United States Departmeat Justice task force reported that purported safety margins of
ECD deployments on healthy adults might not be applicabienall childrenthose
with diseased teets the elderlythose who are pregnant and othefisit individuals
(National Institute of Justic008:4)0 The task force noted thahderstanding of the
effects of TASER ECD application in those populatiass limitedand that more data
collection wasnecessary Nonethelessheyurgedthatofficers should avoid usingCDs
against those population®yan (2008also concluded thahany of the people who died
in the United States had been diaffected omwerementally ill.

The Maryland Attorneysenerais Task Force on Electronic Weapons
recommended that law enforcement agencies should adept-tmee models that
recognize populations at a heightened risk of death. They listed those populations as
persons with known heart conditions includparemakerslderly persons or young
children frail persons or persons with very thin statyresmen known to be pregnant
persons in mental/medical cris® persons under the influence of drugs or intoxicated
by alcohol (Higginbotharret al, 2009).

In his report on TASER ECD use in British ColumliBaaidwood(2009)
recommended against using the ECD in medically-higisituations. Included in his
definition of highrisk situations was deployment in any mode aganstmotionally
disturbed persqgran elderly persara person who the officer has reason to believe is

pregnantor a person who the officer has reason to believe has a medical condition that
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may be worsened because of the deploynserth as heart disease or an implanted
pacemaker or dddrillator.

White and Ready (2009) examined media repafffBASER ECD incidents to
compare incidents in which a fatality occurred to incidents in which a fatality did not
occur. They found that suspects who wander the influence of drugs were four ¢
more likely to digand suspects who were emotionally disturbed or who were mentally ill
were nearly twice as likely to die. They found that a suspect under the influence of
alcohol was less likely to diand they reported that tlage of the suspeuatas not
statistically significant.

The Corruption and Crime Commissi(2010) the oversight body for the
Western Australia police forceeleased a report thetiticized police officersfor using
TASER ECDs against people in higkk groups. The Comnsgndefinedhigh-risk
groupsasindividuals with a mental illnesghose who were suffering from drug and
substance abusand those who otherwise exhibited signs of extreme psychological
distress.

The Police Executive Research Forum and the U.S. Departohdustice (2011)
jointly published guidelines for the use of TASER ECDs noting some populations that
could be at heightened risk for serious injury or death following application of an ECD.
They defined those populations as pregnant woeederly peple, young children
visibly frail people or people with a slight builpeople with known heart conditions
people in medical or mental crisend people under the influence of drugs or alcohol.
They recommended that police personnel shoeddive traning inthe medical

complications that might follow the use of an ECD. They added that police officers
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should also be aware that certain individusigh as those in a state of delirjumght
be at a heightened risk for serious injury or death wheresidnj to ECD application or
other uses of force to subdue them.

Heretofore as the examples above illustrategh-risk group theory has only been
partially constructedWith informationcompiledfrom previous studies and repqiitss
now possible to pypose anorecomplete formulationHigh-risk group theory postulates
that elderly peopleyoung childrenpeople with preexisting cardiovascular disease
people with pacemakers and implantatdedioverterdefibrillators(ICD), people under
the influenceof drugsor with a history of drug abuspeople intoxicated from alcohot
with a history of chronic alcohol abygeeople under extreme psychological distress or
who exhibit signs of excited deliriurpeople who are mentally ill or taking psychotropic
medicationspeople subjected to repeated or multiple applicatiamd pregnant women
are at a heightened risk of serious injury or death following application of a TASER
ECD.

Recurringreferencesn studies and reportsve led some researchets the
conclusion thahigh-risk group theorys well established@Ryan 2011 Starmer and
Gordon 2007. However oft repeated does not equate to a sestiablished finding
regarding the higher lethality of the TASER ECD when compared to other means of
subduing sch individuals.What he extantliteraturefails to consideis that the same
physiological attributes that are presumed to render members efiskgiroupsmore
vulnerable to serious injury or death following application of a TASER ECD might
renderthese sampeoplemore vulnerable to serious injury or death regardless of the

tactics or weapons that officers use to subdue tHeéthat hypothesiss correct
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arguendothe use of TASER ECDsn people in highiisk groupss irrelevant tothe rates
of arestrelated sudden deaths.

Defining ArrestRelated Sudden Death

Most studies on arrestrelated deaths examine police practices and paolicas
the cause of deatlMoreover few studies on arreselated deaths define exactly what
arrestrelated meansUnfortunately most studies tend to include any death that happens
during arresttransportor custodywhich makes it difficult to determine whether the
cause of death results from factors present only during the, &nydattors present only
during e term of confinemenor by both. Consequentlypolice administrators have
little guidance on formulatingseof-forcepolicy, in training officersto apply the
appropriateguantumof force andin instructing detectives how best to investigate arrest
related sudden deaths. The result is criticism in the mled&of trust in the community
and rising costs in defending wrongful death or excessive force lawsuits.

In astudy of TASERECD-proximatedeathsVilke, Johnson, Castillo,
Ederheimer, Sloan, dtChan(2006) include any death thatcursat a police scene or
while the deceasad in policecustodyand an officer firean ECD at any time during the
incident. Howeverthat definitionincludesthe death of a prisoner who has been in
confinement fomonths or even years following the original arrest or detentgithin
that periodanumber of factors postrrestbecomepertinent. Detention officers might
use an ECD months afteommencement afetention or imprisonmerand medical
conditions thadid not exist at the time of the arrest could arise duringgtime of an
individualés confinement. Vilkés definition is thereforetoo broad foa study of arrest

relatedsudderdeaths.
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Grant Southal) Fowler, Thomas and Kinlock(2007) in a studyof autopsy
reports of 202 ircustody deathsletermined that data on the length of time an individual
was in custody before death occurred were not consistently availaldecfdie they
excludedany consideration dfme in custody from the analysisgnoring such post
arrest factors as time in custody reduces the value of the study for understanding the
arrestrelated effects of the ECD.

Southal| Grant Fowler, and Scot{2008)were more restrictive in their study of
45 police custody deaths. Althduthey did not specify ame, theyincludedonly
deaths that occurred during police/citizen encounteciiding field interrogations
arrest procedures and detentiofheyexcluded deaths resulting from suicidal hangings
police shootings and poligelated motor vehicle incidentOnce morehowever
including deaths in detention extends consideration of factors well after the arrest.

In 200Q Congress passed the Death in Custody Reporting Act (Public Law 106
297), which required all states to subrtottheBureauof JusticeStatistic§BJS)a record
of any death thatccursin the process of arrest as a condition of receiving federal
correctional grants. Congress left it to BitSto definefin the process of arrest

The BJSdefines deathfiin the pocess of arreétas all deaths of persons in the
physical custody or under the physical restraint of law enforcement officers. The
definition includes arrests for criminal chargesmddetentions for mental health issues
and medical transportd'he BJSincludes any deaths of persons arrested or subject to
arrest who dig (1) as a result of use of force by law enforcement offi¢@)sas a result
of suicides provided that law enforcement officers were in contact with the subject prior

to the suicideand (3) at medical facilities due to injuries or medical problemsluding
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persons who die in transit from an arrest scene in a police vehicle or ambulae&JS
excludes from the definition(1) deathf any other persons not subject to an attempted
arrestincluding bystanders and law enforcement officers killed during an attempted
arrest and(2) vehicular accident deaths treaenot specifically related to arrest activities
(Mumola 2007).

Not all deaths from factors related to an arrest are imateedSome deaths
related to attributes of highisk groups occur shortly after the arrest or detention.
Thereforeit is necessary to permit consideration of deaths that occur within a reasonable
time after the initial arrestA period of 24 hours appes consistent with other studies
and medical definitionsThe World Health Organizatiga specialized agency of the
United Nations that acts as a coordinating authority on international public,health
compiles thdnternational Classification of Diseasevhich defines sudden death as
cardiorespiratory collapse that occurs witBéhours of the beginning of symptomk
their study of TASERECD-proximatedeathsEderheimeret al. (2006)include deaths
that occur within 24 hours of the applicationtloé ECD. Strote and Hutson (2008all
for anational database of deaths occurring within 24 houesCH) use to identify cases
andto better define what impa&CD use hagsif any, in arrestrelated death

Policy Implications

Medical literature is rifevith studies demonstrating that people with
cardiovasculadiseasgepeoplesufferingmental illnessand people intoxicated on drugs
oronalcohol are at greater risk of sudden dedthereforeit is reasonable to expect
theseattributesto appear imarrestrelatedsudden death cases regardless of whether a

TASER ECD was involvedlUnknown iswhether the use of TASER EGRndother
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weapons or tactiosxacerbater mitigatetheserisks Nonethelessmany agencies are
establishing policies that restricketluse of ECDs in highsk group encounters.

In Great Britainthe Association of Chief Police Officers (2005) published
guidelines that advised officemshenever possibléo discuss use of force options with a
mental health professional before using®&SER ECD on a person who exhibits violent
behavior or who suffers from a mental disorder or illness. They also suggested that
when it is apparent a subject has an existing medical condition or is under the influence
of drugs that officers assess thos& fectors before determining the appropriate force
option.

The International Association of Chiefs of Police (2010) published a model
TASER ECD policy that refers to higiisk groups as sensitive population groups.
Included inthe model policgs definition of sensitive population groups akildren the
elderly, the medically infirm pregnant womerand users of a cardiac pacemaker.
Although the model policy does not prohibit the use of a TASER ECD on someone in a
sensitive population groyp suggestshat officers restrict the use of an ECD on such
persons to those exceptional circumstances where the potential benefit reasonably
outweighs the risks and concerns.

The Police Executive Research Forum (PERF)onprofit police research
organizationwasthe first national organization fmublish a set of recommended
guidelines for the use of ECI¥&ronin and Ederheimg2006) Although they did not
specifically state highisk group theoryn their set 0f52 guidelines PERFadvised that
officersgenerdly should nouse ECDsagainst pregnant womgeelderly personsyoung

children or visibly frail persons unless exigent circumstances edistheyalsourged
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officers tobe awaref thehigher risk of sudden deatbr people undethe influence of
drugsand for people who exhibstymptoms asociated with excited deliriyrbut they
did not connect thahcreasedisk specifically to the use of TASER ECDs.

Five years lateracting jointly with the United States Department of JusB&eRF
revised the guidmes, increasing to 53 the recommendati¢Rslice Executive Research
Forum and U.S. Department of Justizé11) PERF recommendedhiningpersonnel to
useECDsfor one standard cycknd then evaluate the situation to determhether
additionalcycles are necessary.hey also recommended thedihing protocols should
emphasize multiple applications or continuous cycling of ab E€Sulting in an
exposure longer than 15 seconabether continuous or cumulativeouldincrease the
risk of serious ijury or death.PERF reiterated its suggestion that officers should not use
ECDsagainst pregnant womegelderly personsyoung childrenand visibly frail persons
and they again urged that officdrs aware that there is a higher risk of sudden death
subjects under the influence of drugs &mdsubjectsexhibiting symptomsssociated
with excited delirium.

Thomas Collins, and Lovrich (2011) analyzed 124 municipal police agency
policies that existed in 2009 comparing them for compliance with the gEdElines.
They determined that 63 percent of the policies prohibited using ECDs on pregnant
women 45 percent prohibited use on the eldebl§y percent prohibited use on children
and 60 percent prohibited use ather individuals irhigh-risk groups.

Policies that restrict the use of TASER ECDs compel officers to consider other
options to subdue a resisting subject. The officers must forgo the use of the ECD in favor

of other lesdethal optionssuch as pepper sprayatonsand physical forceor
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immediately escalate to the use of lethal fosteh as firearms. Alsbecause officers
cannot easily determine higlsk group vulnerabilities in a person they do not know and
have never before mehey must approach all encounters as though the saspect
members of a highisk group which severely limits the officedsactical options.

The potential for fatal adverse effecis highrisk groupswhen using other less
lethal tactics and methodsrsus the potential for fatal adverse effestdhighrisk
groupsfollowing the use of ZASER ECDis currently unknown. Thereforé is also
unknown whether more restrictive policies regarding the use of TASER &AllDesult
in increased or decreased mortaiityhigh-risk groups Restrictive policies ba&sl upon
the uncorroborated theory of higisk groupscouldresult in law enforcement agencies
and officeraultimatelybearing greater liability for claims @frongful death oexcessive
use of force.

Legal Implications

Despite the severalrestrelated sddendeaths that have followed the application
of TASER ECDsseveral federal circuit courts of appeals have ruled that their use does
not constitute deadly force. Th&é@&ircuit Court of Appeals has ruled that a TASER
ECD is a norethal weaponWnited States v. Fore2007). The # Circuit has
recognizedithe important role that nelethal handsoff mean® including [TASER]
gung play in maintaining discipline and order within detention facilitleswis v.

Downey 2009:476)0 The 8h Circuit has ruld that the use of a TASER EGi» more
than a norserious or trivial use of force but less than deadly favteKenney v.
Harrison, 2011:362). Thetd Circuit has statediWe are not convinced that the use of

an X26 involves deadly forcédarquez v. Cityf Phoenix2012:11760 The 11h
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Circuit has also ruled that a TASER E@IB a nondeadly weapon commonly carried by
law enforcementKils v. City of Aventura2011:1276n. 2)0

In the United State$iFourth Amendment jurisprudence has long recognizad t
the right to make an arrest or investigatory stop necessarily carries with it the right to use
some degree of physical coercion or threat thereof to effégtah@m v. Conngr
1989:396)0 The Supreme Court hasledfiall (emphasis in the original)aims that law
enforcement officers have used excessive tbrdeadly or nad in the course of an
arrestinvestigatory stopor otheréseizuréof a free citizen should be analyzed under the
Fourth Amendment and itseeasonablene8standard Graham v. Conaor, 1989:365)0
The courts must examine the totality of circumstances at the time of the arrest or
detention to determine whether an officer used any greater forcevéisareasonably
necessary under the circumstané@sapam v. Connqrl989; Tennessee Garner,
1985;Saucier v. Kat22001). fiThe @easonablenedsf a particular use of force must be
judged from the perspective of a reasonable officer on the ,ged¢iner than with the
20/20 vision of hindsightGraham v. Connqrl989:396)0

fiThe GeasonblenesBinquiry in an excessive force case is an objective one: the
guestion is whether the officéractions areépbjectively reasonabfen light of the facts
and circumstances confronting themthout regard to their underlying intent or
motivation Graham v. Connqrl989:397)0 However f[t]he test of reasonableness
under the Fourth Amendment is not capable of precise definition or mechanical
application Bell v. Wolfish1979:559)0 The Supreme Court has rejected attenifus

craft an easyo-applylegal test in the Fourth Amendment conjegindit has instead
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acknowledgedf[l] n the end we must still slosh our way through the factbound morass of
GeasonableneégScott v. Harris2007:383)0

The law does not require police officerscadculatetheleast intrusivaneans of
responding to an exigent situatiohfequiresonly that theyact within tre range of
conduct that the courts identify as reasonaBlallam v. Connqrl989;Scott v. Henrich
1994). Whether officers hypothetically could uless painfulless injuriousor more
effective forceunder a given set of circumstaneesiot the issuéor the courtForrester
v. City of San Diegdl994). However the law does requirefficers to consider what
other tacticsif any, are available athwhether there are cleaeasonableand less
intrusive alternatives to the force employed t@ild militate against the court finding
that the use of force is reasonalBey@n v. MacPhersqr2010).

In Russo v. City of Cincinnai990) the 6th Circuit Court of Appealgound
deployment of a TASER ECD objectively reasonable in incapacitating a potentially
homicidal or suicidal individuakven though the individual posed no immediate threat to
the officer. Additionallythe single usef an ECD in making the arrest of a suspect who
appeared hostiJdelligerent and uncooperativend who repeatedly refused to comply
with a police officets commands did not amount to excessive fdzager v. Reynolds
2004).

There is no case law holding that the aBECDsis per seunconstitutional
(Kedir, 2007) Howeverthe courts have offered guidancetba limits ofwhattheywill
considerasreasonable force in circumstances innglkaspects of highisk group theory.
f{W]here it is or should be apparentthe officers that the individual involved is

emotionally disturbedhat is a factor that must be considered in determjninder
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Graham the reasonableness of the force employEeb(le v. Rutherford2001:1283)%
A persorgs fiemotionally disturbed stasumay be relevant to the trial coasrt
determination of objective reasonablengssgl(vig v. Andersarl995:472)o In Ludwig,
the8th Circuit Court of Appealsn part justified its decision based on the training
manual for the law enforcement agency ifred.

The courts have forewarned that the physical or psychological condition of an
individual affects what the court considers to be reasonable use of forCeuzin. City
of Laramie(2001), the 18 Circuit Court of Appeals found that the use of hieg t
restraints on an individual with diminished capacity was a violation of the Fourth
Amendment because it was an unreasonable use of force given the situation. The Court
explained that diminished capacity can be the result of severe intoxication, degg ab
discernible mental illness, or any other condition apparent to the officers at the time that
would make the application of a htig restraint likely to result in significant risk to the
i ndi vi dual 6-seind énGregorl v. GountyveleMa [2008) the & Circuit
Court of Appeals adopted the™@i r cuit Courtodés concl usi on
suffering from a mental illness is relevant to the determination of what is an objectively
reasonable use of force.

These rulings have potealily serious consequences regarding liability under 42
U.S.C § 1983 and associated state statutes for officers who use TASER ECDs on high
risk group individualsnd for the governmental entities that employ thérhe federal
appellate courts have alreaagcept that several conditions suspected in-hglhgroup
theory indicate diminished capacity, including intoxication, drug abuse, and mental

illness. A viable argument can also be made thaepisting cardiovascular disease and
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signs of EXDS constite flany other condition apparérthat would make the use of a
TASER ECD likelytoresultimis i gni fi cant ri sk to-beihge i ndi v
An example is théecision in the welpublicized case dfleston, et al. v. City of Salinas,
et al.(2009).

Robert Heston, Jr. died after Salinas police officers used a TASER ECD against
hi m. Hestonds mother and father and the e
against the City of Salinas, against the individual police officers, and agAS&R
International. The plaintiffs claimed that the police officers violated Heston's civil rights
by their use of excessive force. In a product liability claim, the plaintiffs also claimed
that TASER International negligently failed to provide warnitingg repeated
applications of the electrical current in the deployment of an ECD can cause cardiac
arrest, especially on persons who are in an agitated or excited physical state. The trial
jury returned verdicts in favor of the City of Salinas and tlfiearfs, but it returned a
verdict against TASER International for negligently failing to warn users of the risks
involved in prolonged use. The jury found that, as a consequence of prolonged
deployment, Heston suffered acidosis to a degree that caused léve a cardiac arrest,
leading to his death, and it awarded the plaintiffs more than $6,000,000 in damages. The
9th Circuit Court of Appeals later reduced the monetary award on apjfesab(, et al.
v. TASER International, Inc2011).

Although the ydgment in this case was not against the officers or the city, but
against the manufacturer, thh@al and appellateourts indicated their willingness to
accepthe multiple applicationtenet of highrisk group theory.No doubt, the courts will

take noice thathigh-risk grouptheoryhas begun to proliferate in the literatuaed they
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will see thatsome experts claim the theory to be welinded, despite any empirical
evidence. Thus, an examination of higgk group theory is important edjudicating
excessive force and wrongful death claims involving a TASER ECD.

Research Quesin

Thus far research has not directly addressed the question of whether the use of
the TASER ECD is more likely to result in death to higtk individuals when compared
to other tactics officers use to subdue or control someone who-samopliant. It is not
possible fully to answer the question of whether the use of a TASER ECD differs from
other lesdethal weapas and tactics in its physiological effects on people eorttical
high-risk groups. A random clinical trial is necessary to establish causal relatignships
but aclinical trial requires experimerationon the mentally illpeople intoxicated on
alcohol people intoxicated odrugs and people with known seriswcardiovascular
disease. Such experimentation is ethically impermissible.

A retrospective study of all use of force incidentsamparefatal and norfatal
encounters is also unlikely. In fatal cassgtopsy reports document the physiological
attribues of the deceasedon-fatal caseshowever pose two major problems. Firgt
nonfatal casesurrentmedical information is seldom availalidlecause the person did
not receive injuries serious enough to warrant medical treatment. Sewendvhen
current medical records do exiSitle 1l of the Health Insurance Portability and
Accountability Act of 1996Public Law 104191) establishes policiggrocedures and
guidelines for maintaining the privacy and security of individually identifiable health
information. Thus those records are not available foriesv, except under limited

circumstances.
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It is possiblehoweverto compare differences the physiological attributeand
mental health historiesf arrestrelated sudden deaths by examining psyoreports of
the deceased. One can tlestimatenvhether ssignificantdifference exists in highisk
group attributes between deaths proximate to the use of a TASER ECD and deaths
proximate to the use of other ldsthal weapons and tactics.

A retrosgctivecase study approach limits the questions the research can answer.
This study seeks to determine whether attributes oftsiigroup theory appear more
often in TASERECD-proximatedeaths than in o#r arrestrelated sudden deaths not
involving anECD. If, as highrisk group theory predictpeople with nominal highisk
group attributesiremore susceptible to sudden death following application of a TASER
ECD, then oneshould expect to find those attributes more ofteE@D-proximate
deaths.

To answer the research questione mustdentify and define differences
between TASEHRECD-proximatedeaths andonECD deaths related to the following
attributes age,cardiovascular diseasthe presence of@acemaker olCD, the presence
of drugsin thebody of the deceased or a histofydrug abusghe presence of alcohol in
the body of the deceased or a history of chronic alcohol abusence of excited
delirium, mental iliness, and the presence®fchotropic medicatioria the body of the
deceasd. The last two attributesf high-risk group theorymultiple applications of the
TASER ECD and pregnancy will not be tested in this study. Because the multiple
application attribute does not apply to AIBED arrestrelatedsudderdeathsthere is no
group against which to compand as will be discussed in the literature revjghere is

no known casef a pregnant womadhying following application of a TASER ECD
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CHAPTER I

LITERATURE REVIEW

Limits on available data inhibit researchers from deteimg the physiological
impacts of TASER ECDen arrestrelated sudden deathsthe incident level
Optimally, researchers could draw on a relialsiestematic national database of incident
level dateon all use®f forceandtheir associated outcomesiowever no such database
exists (H9 2009; White and Read®010). Additionally, there is no nationwide data
collection system to collect reliable and systematic incitiarel data on arrestlated
deaths.All five major data sources fexaminingin-custodydeathshave substantial
limitations (Borregp2011; White et al, 2013). These sources includestFB1Gs
Supplemental Homicide Repoptie Bureau of Justice Statistics Deaths in Custody
Reporting ProgranDCRP) and the Center for Disease Condsdllational Violent Death
Reporting SysteniNVDRS), Web-Based Injury Statistics Query and Reporting System
(WISQRSaNnd WideRanging Online Data for Epidemiologic ReseadfODER).

Thereforeit is necessary to examine a range of literature and data stigate
whether elderly peoplgoung childrenpeople with preexisting cardiovascular disease
people with pacemakers al@Ds, people under the influence dfugsor with a history
of drug abusgpeople intoxicated from alcohol with a history of chmoic alcohol abuse
people under extreme psychological distress or who exhibit signs of excited dedirium
people who are mentally ill or taking psychotropic medicatiaresat a heightened risk

of death following application of a TASER ECD
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Sudden IrCustody Death Syndrome

Since the 199Qsnedical and criminal justice research has identified a relatively
consistent constellation of factors that appear to increase the likelihood of eliated
sudden death: physical strugglee use ofirugs restrant aids and natural disease
(Grant et al, 2007). In sora instanceshowever postmortem and toxicological
examinatios fail to produce a definitive diagnosig he lack of an identifiable
anatomical causeccasionallyleads pathologistsnedical exammers and coroners to
attribute death in such cases to suddecustody death syndrome (Robisamd Hunt
2005).

Much of the discussioand debateegarding ircustody deathseek to assign a
single cause rather than to consider clgsiésymptoms anddhaviors (H92005).
Legal reasoning favors single proximate causes rathectrplexmedical conditions
and populamediafavor controversy and blame rather than balancesapthnation
(Farnham and Kenned$997). In manyudden ircustodydeathsthedeceasetias no
historyof prior illnesgsor significant underlying medical conditienSuchsudden and
unexpecteadustodydeaths often occur durintbe process ddrrestor very soon after
confrontation with law enforcement officeendthat propimuity leads to assumptions
that police tacticendbr weapons aresomehowto blame

Sudden ircustody death caseharemanysimilarities and patterns. Firstn
individual oftenpreserg in a state of agitatioar delirium resulting frommental illness
or from the use of stimulantsr otherdrugs Secongdtheindividual exhibis aggressive
or violent tendenciethatrequire officers to employarious forceoptionsto subduéim

or her Third, the individual suddenly becomes quigdlm, and unresponsiveShortly
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thereafterofficers note thathte individual isnot breathingndis in cardiopulmonary
arrest for which resuscitation efforts are futile. Fousthautopsythere is often no clear
anatomical or toxicological explanation five death (Chgr2006). Medical literaturen
suddenn-custody death syndrommecalls that sucbaseslosely mimic deaths of
institutionalizedmental healttpatientsdatingback to theanid-1800s (Ho2005).

It is important to note that the constellation of factorsteelaosuddernin-custody
death syndrome can affect an individual befdrging and after police intervention.
Thecomplexchain of events leading to death often begins long before law enforcement
involvement. The most recent event in that cleaisomehighly notable event in that
chain such as policentervention and thase of forceis not necessarily the causkeor a
significant contributing factor to the death (F2005). A grand jury in MiamiDade
Florida, after investigating a series of arreslated deathseported that the causes of
death listed in autopsy reports for people who died after being shocked with a TASER
ECD were similar to one another. Additionallye causes of death listed for people who
died after being shocked with a TER ECD were similar to the causes of death listed on
the autopsy reports of ndfiCD arrestrelated deathsRecinos Miller, Hutchinson
Llanes Acostg Alayon, Armestqg CampbeHDumeus Diblin, Edgington Fajardq
GerogesLaurenceaplLlama Lopez Pruss Ramos Robinette Santosand Thomas
2005)

Sudden Cardiac Death

Suddencardiacdeathis a majortopic forresearch andebate regarding the use of
TASER ECDs Many arrestelatedsudderdeaths occur in individuals with no history of

heart diseaseYet, pathologistoftendiagnose the cause of death as having cardiac
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etiology, whichleads some to argue that the electrical current of the ECD must have had
someadverseeffect on the cardiac muscle. Howewardden cardiac dealbng predats

the use of EDs, and itisa common phenomenotsudden cardiac deattommonly

known as cardiac arress theunexpecte@nd abrupt loss of heart function in a person

who may or who may not have previously diagnosed heart disease. The time and mode
of death are unggected but deatlcanoccur instantly owery shortly after the first

symptoms appear.

When the definition of sudden death is restricted to demiturring less than two
hours from the onset of symptojd® percent of all natural deaths are sudded 88
percent of those sudden deaths are due to cardiac disease. In-aasgzsgtudies
pathologists reportardiac etiology in 60 to 70 percent of sudden death victhmgdq
and Josephso2004). The annual incidence of sudden cardiac death in the Usitads
alone isapproximately460,000 casesand although the absolute risk is greatecardiac
hightrisk populationsmanysudden cardiac deaths occur in patients aremot
identified as being at risk. Sudden cardiac death is the first symptcamdodwascular
disease in approximately 25 percent of patients (Cr@dh2) and in about 50 percent
of sudden cardiac deaths with structurally normal hesuittden deatls the first
manifestation of diseas€kugh Kelly, and Titus 2000).

Several cinical and autopshpased studies repdttetriggering of sudden cardiac
death with exercise. Data supporting tiheorythat vigorous physical activity can
triggerVF come from emergency medical recards one review in Seattlé1 percent
of 316 consaudtive victims died during or immediately after exercise. Researchers

estimated the incidence of exererstatedsudderdeathat 5.4 deaths per 1{@D0O
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people. In Miamil7 percent of 1560nsecutivgatientsvho died in the emergency
department of a lat hospitalsuffered exertionelatedsudderdeath(Pinto and
Josephsor2004). The incidence of sudden cardiac deathrth vigorous activitywersus
the incidence of sudden cardiac death during sedentary adifiitg times higher for
men who exercisgequently and 56 times higher for men who exercise infrequently
(Fletcher Flipse and Oken2004). Clearly, the risk of sudden cardiac death following
violent exertionsuch as a struggle with police or straining against restraicteases
many times for people witror withoutpreexisting cardiovascular diseassgardless of
the tactic or weapon an officer used.

Not all sudden cardiac deaths haveaase that can be determined at autopsy. As
many as 30 percent of sudden cardiac deaths involveopsdyihealthy children
adolescentsand young adultaith no identifiable abnormalities found at autopsy
(Carturan Tester Brost Basso Thiene and Ackerman2008). In a study of
approximately 85300 women who entered basic military training from 1872001
Eckart Scoville, Shry, Potter and Tedrow(2006) found that sudden death with a
structurally normal heart was the leading cause of death in female retmwuatseview of
clinical and autopsy records of 19 sudden cardiac deaths that ocauord more than
1.6 million Air Force recruits during basic training between 1965 and, p@@ologists
identified no anatomic cause of death in thwethe casegPhillips, Robinowitz Higgins,
Boran Reed and Virmanj 1986). Inherited electrophysiolagal abnormalitiesknown
as primary electrical diseaseseoftenthe common underlying cause of mauwdden
unexplained cardiageathg Estes 2005). These abnormalities are often undiagnosed

before death and are not apparent at autopsy.
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Demographic Fetors

Research on the correlation of demographic facsush as agesex and
ethnicity, to arrestrelated deaths are rare. Howeweany studiesnvestigatingother
correlations report findings on demographic factdgcause the results are repoded
differently across studigparticularly as they relate to age and raics difficult to
interpret them consistently.

Age

In studieson arrestrelated deaths@ges othe deceased range from 15 to 75 years
(Ho, 2009). The mean age is 35.7 years,(HeegaardDawes Matarajan Reardonand
Miner, 2009; Southallet al, 2008), and54.6 percent of the deceasmébetween 2&nd
44 years (Burch2011). Reports regarding age ituslies related to deaths proximate to
the use of a TASER EC0iffer littl e from reports of age in studies all arrestrelated
deaths. Researcheeport agesf the deceased range from 17 to 65 y€@fgliams,
2008) Mean ages range from 34.8 yed@t¢te Campbell PeaseHamman and
Hutson 2005) to 35.9 year@Vhite, et al., 2013). Approximately 65.9 percent of deaths
proximate to the use of a TASER ECD are between 21 and 40 years of age €W\dijte
2013).

Reports on the use of TASER ECDsgardless of whether a death occurfistia
range from 9 years of agAr{gelidis Basta Walsh Hutson and Strote2009) to 80 years
of age (Bozemaret al, 2009). The mean ages in those reports range from 30 years
(EastmanMetzger Pepe Benitez Decker Rinnert Field, and Friesg2008) to 32 years
(Bozemanet al, 2009) In a study of consecutive uses of TASER ECDs that included

100 cases of people 17 years of age or yoytigerange was 13 years to 17 yearsd
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the mean age was 16.1 years (Garddauda and Bozema2012). Table 1Age
Related Findingds a syn@sis ofage related data from 11 studies.

Table 1. Age Related Findings.

Study Age Description Sample
Southall, Grant, Fowler, and Range 20 68 years 45 arrestelated deaths in Marylan
Scott (2008) Mean 35.7 years 199071 2004
Ho, Heegaardpawes, Range 15 75 162 arrestelated deaths May 2004
Matarajan, Reardon, and Median 35.7 T April 2005
Miner (2009)
Burch (2011) O 17 ye: 2.6% 4,813 arrestelated deaths reporte(
1871 24 years 18.9% to Deaths in Custody Reportin
2571 34 years 28.9% Program 2003 2009
357 44 years 25.7%
457 54 years 15.6%
55 + years 6.6%
Unknown 1.6%
Bozeman, Winslow, Hauda, Mean 31 years 597 consecutive uses of TASER
Graham, Martinand ECD
Heck (2007)
Eastman, Metzger, Pepe, Mean 30 years 426 consecutive uses of TASER
Benitez, Decker, Rinnert ECD
Field, and Friese (2008)
Angelidis, Basta, Walsh, Range 9 73 yeas 1,101 consecutive uses of TASER
Hutson, and Strote ECD
(2009)
Bozeman, Barnes, Winslow, Range 13 80 years 1,201 consecutive uses of TASER
Johnson, Phillips, and  Mean 32 years ECD
Alson (2009) Median 30 years
Gardner, Hauda, and Range 13 17 100 cases of TASER ECD use on
Bozeman (2012) Mean 16.1 years suspects 17 or younger
Strote, Campbell, Pease, Range 18 46 years 28 TASER ECDproximate deaths
Hamman, and Hutson  Mean 34.8 years 20017 2005
(2005)
Williams (2008) Range 17 65 years 213 TASER ECDBproximate deaths|
Mean 35.5 years 19831 2005
White, Ready, Riggs, Dawes Mean 35.9 years 392 TASER ECDBproximate deathg
Hinz, and Ho (2013) O 20 year 2.6% 20017 2008
217 30 years 28.2%
317 40 years 37.7%
417 50 years 24.8%
5071 65 years 6.6%
Sex

Arrest data from th&BI& UCR from 2003 through 2009 indicate that 75.9

percent of all arrests were maded 24.1 percent of all arrests were fem@arch,
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2011) Statistics orarrestrelateddeathsyield vastly differentratios According to the
DCRP, from 2003 through 2009 95.4 percentaftestrelateddeathsveremen and4.5
percentwerewomen The sexn 0.1 percent of those deativasunknown orwasnot
reportedBurch, 2011) Studies related tarrestrelateddeaths report that the
percentageof deathof menrange from 93.3 percent (Southai al, 2008) to 96.3
percent Ho, Heegard, et al, 2009).

The range is much wider for reports on uses of TASER E€gerdless of
whether a death occurdales comprise from 85.1 percent (Gelosher and Pratt
2010) to 93.7 percent (Bozemd@arnes Winslow, JohnsonPhillips, and Alson 2009)
of subjecton whom officers apply an ECCHowever in studies of TASERECD-
proximatedeathsthe percentages of deaths of males is much hayiemore closely
aligned with data on all arrestlated deathsanging from 95.8 percent (William2008)
to 97.4 percen(White, et al, 2013). None of the studies purports to explain the disparity
in the rates of female arrestees compared to aekded deaths of female¥able 2 Sex
Related Findinggs a synopsis asex related data from 10 studies.

Race/Ethnicity

Studies on arreselated deaths or on the use of TASER ECDs seldom report race
and ethnicity data, but a few studies give some indication of racial and ethnic
composition. In a study of 45 arragslated deaths in Marylan8outhal) et al. (2008)
repot that 80 percent of the deaths invoh&ldcks. The rest they described as mostly
White, but there was no further breakdown of the data. The BJS report@dhikes

constituted 42.1 percent of arr@stated deaths reported to the DCRP from 2003 t®,200
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Table 2. Sex Related Findings.

Study Male Female Sample
Southall, Grant, Fowler, and 93.3% 6.7% 45 arrestrelated deaths in Maryland 1990
Scott (20@) 2004
Ho, HeegaardDawes, 96.3% 3.7% 162 arrestelated detins May 2004 April
Matarajan, Reardon, and 2005
Miner (2009)
Burch (2011 95.4% 4.5% 4,813 arrestelated deaths reported to Death
in Custody Reporting Program 2003
2009
Bozeman, Winslow, Hauda, 93.6% 6.4% 597 consecutive uses of TASER ECD

Graham, Martin, and
Heck (2007)

Eastman, Metger, Pepe, 90.4% 9.6% 426 consecutive uses of TASER ECD
Benitez, Decker, Rinnert,
Field, and Friese (2008)

Angelidis, Basta, Walsh, 92.6% 7.4% 1,101 consecutive uses of TASER ECD
Hutson, and Strote (2009

Bozeman, Barnes, Winslow, 93.7% 6.3% 1,201 consecutive uses of TASER ECD
Johnson, Phillips, and
Alson (2009)

Gau, Mosher, and Pratt (201C  85.1%  14.9% 596 uses of TASER ECD

Williams (2008) 95.8% 4.2% 213 TASER ECBproximate deaths 1983
2005

White, Ready, Riggs, Dawes,  97.4% 2.6% 392 TASER ECDBproximate deaths 2001
Hinz, and Ho (2013) 2008

31.8 percent werBlack, 19.7 percent were Hispanic, and the remaining 6.4 percent were
classified as other (Burch, 2011).

In a study involving one state patrol agency in onilentifiedstate Gay et al.
(2010) reported that 72.3 percent of those who received a TASER ECD application were
White, 8.9 percent werBlack, 11.7 percent were Hispan@nd 7.1 percent were other
races. Williams (2008) in a study of 213 TASERCD-proximatedeathsationwide
from 1983through2005 reporedthatthe race and ethnicity of those who died closely
resembld the race and ethnicity of the arrestated deathseported in thd®CRP.
Whites comprisé 40.4 percent of the deatlBlackswere37.1 percentHispanicswere

17.8percentand the restategorized as othezomprised the remaining 4.7 percent.

% 0.1% areunknown orarenot reported
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Table 3 RacéEthnicity Related Findinggs a synopsis aface and ethnicity related data
from four studies.

Table 3. Race/Ethnicity Related Findings.

Study Race Sample
Southall, Grant, Fowler, Black 80.0% 45 arrestelated deaths in Maryland 1990
and Scott (208) Other 20.0% 2004
Burch (2011) White 42.1% 4,813 arrestelated deaths reported to Deatl|
Black 31.8% in Custody Reporting Program @Bi
Hispanic 19.7% 2009
Other 6.4%
Gau, Mosher, and Pratt ~ White 72.3% 596 uses of TASER ECD
(2010) Black 8.9%
Hispanic 11.7%
Other 7.1%
Williams (2008) White 40.4% 213 TASER ECDBproximate deaths 1983
Black 37.1% 2005
Hispanic 17.8%
Other 4.7%

Alcohol andDrugs

A principle pemise of higkrisk group theory is that people who are intoxicated
from alcohol ordrugsare more susceptible to adverse effects following the use of a
TASER ECD. It is well documented in medical literature that deaths from misuse and
abuse of alcohol amdirugs are common. Alcohol is the most commonly abused drug in
the United Statesind drugs most commonly used for recreational purposes include
cocaine methamphetamine and amphetamine derivateved cannabis (Milroy and
Paraj 2011).

In a study of 213 ASER ECD-proximatedeathsWilliams (2008) found thain
125 deaths that occurred nationwide between 2001 and 2005 for which autopsy and
toxicology reports were availahl@8 (78.4 percent) had positive results for alcohol
drugs or both in their systes at the time of their deash Fox and Paynéames (2012)

studied 175 deaths proximate to the application of a TASER ECD. Of thosglé¥ses
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(61.7 percent) involved intoxication from alcoholdrugs In a study of 392 arrest
related deaths followinthe application of a TASER ECWhite, et al. (2013found that

in 53.5percent of the cases the deceasetk intoxicated from alcohol and/or drugs
during thér encounter with th@olice. Medical literature makes cledmowevey that

people who are intogated from alcohol odrugsare at greater risk of sudden death even
absenpoliceintervention

Alcohol

Years of researctiearly demonstrate the deleterious effects of heavy alcohol
consumption. Several case history studies suggest that chronic @saaol suffer from
atrial fibrillation, an irregularity in heartbeat caused by involuntary contractions of small
areas of heanwvall muscle andVT even in the absence of clinical heart disease (Kupari
and Koskinin 1998). The literature also demonstrata correlation between
consumption of more thédive drinks per day with an increased risk of sudden cardiac
death Dyer, Stamler Paul Berkson Leppetr McKean Shekelle Lindberg and Garside
1977; Wannamethee and Shg[d€92).

The effects of acute @hol intoxication are no less grave. Complications of
acute intoxication include cardiomyopatfadisease of the heart musclairhythmiss,
ketoacidosiga metabolic state associated with high concentrations of ketone bads)
acute respiratory disess all of which can lead to sudden cardiac deathS&louri,

Dikin, and Souban2005).

Studies regarding moderate consumption of alcphmducedecidedly different

findings People who consume two to four drinks per week have a 60 percent reduced

risk of sudden cardiac deatnd those who consume five to six drinks per week have a
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79 percent reduced risk of sudden cardiac death compared with people who rarely or
never consume alcohol (AlbeManson Cook Ajani, Gaziang and Hennekend999).

In astudy 0f213 TASER ECD-proximatedeathsWilliams (2008) found thain
125 deaths that occurred between 2001 and 2005 for which autopsy and toxicology
reports were availabl@0 (16.0 percent)ad positive results falcohol In their study of
175 dedts proximate to the application of a TASER EGOx and Payndames (2012)
found thatine (5.1 percentjvere intoxicated from alcohol at the time of their death

In the only human model experiment testing the effects of TASER technology on
intoxicated shjects no clinically significant effects on markers of acidosis or cardiac
injury were detected in 22 people whad a minimum blood alcohol concentration of
0.08milligrams per deciliterroig/dL), andwho then experienceal 15second discharge
from an X26 (Moscati Ho, Dawes and Miner2010). The literature lacks any alcohol
specificexperiment®n ECD application in acutely intoxicated animal models (Moscati
and Hq 2009).
Cocaine

Cocaine issecond only to cannabis @ most widely traffickedlicit drug in the
world (Milroy and Pargi2011). As the use of cocaine increases in the United Stages
number of cocaineelated cardiovascular eveniscluding sudden deatincreases
commensurately (Lange and Hill&010). Cocaine is a sympathomimetgentthat
activatescentrally and peripherally tregympathetic nervous systethat part of the
autonomic nervous system that is active during stress or danger and is involved in
regulating pulse and blood pressuditating pupils and changing musclere (Gunn

Evans and Kriger 2009). People with high blood concentrations of cocaine exhibit a

42



typical pattern of symptoms with agitatipfollowed by confusionseizuresand a rise in
core body temperature (Karch and Steph#&889). The presence of grthermiaa
corebodytemperature higher than 1@31s strongly indicative of a cocairirduced
event (StephengentzenKarch Wetli, and Mash2004).

The use of cocainehronic and acutdas profound effects on the cardiovascular
systemandit is acommoncause of sudden death (Milroy and Pa28i.1). Cocaine acts
as a vasoconstrictor that elevates blood pressanstricts coronary arteriegnd reduces
blood supply to the heart. High doses of cocaine can produce cardiac arrhythmias and
sudderdeath by slowing nerve impulse conduction by blocking the movement of sodium
ions in cardiac channel€f{umb and Clarksqri990).

Postmortem atimation of the time and quantity of cocaine ingest@elsnot
reliably predicttoxicity or lethality becausegstmortem cocaine levels do not
necessarilgorrelate to drug toxicity or poisoningnd kthal levels of cocaine are not
necessary to trigger cardiovascular eggtephenst al, 2004). The concurrent use of
alcohol and cocaine produces a new complpcocaethylenawhich lasts longer in the
body and has even more potent toxic effétés either cocaine or alcohol alone
(Sztajnkrycer and Bag2005).

Of the 175 TASERECD-proximatedeaths in thetudy byFox and Payndames
(2012) 37.7 percenhad pxicology results positive for the presenceotaine. Of the
125 deaths for which autopsy and toxicology reports were availatiie Wiilliams
study, 47.2 percenhad positive results for cocairies metabolitebenzoylecgonineor

its ethyl esterethylbenzoylecgoninéwilliams, 2008).
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In the only animal modedxperimenbf the effects of cocaine on TASER
technology Lakkireddy Wallick, Ryschon Chung Butany, Martin, Salibg Kowalewski
Natale and Tchoy2006) found that infusion of cocaine intedipigs increaseECD
cardiac safety margaby 50 to 100 percent above baseline safety mgrthiareby
decreasinghe risk of an adverse cardiac effetpplying sufficient voltage to a heart
cell opens its sodiusion channels and starts contractio@unter intuitively cocaine
blocks the voltagactivated sodium channelsaking it more difficult for electricity to
trigger a muscle contraction (Tchd@007). There are no human modatperimenton
the effects of cocaine on TASER technology.

Methampletamine and Amphetamine Derivas/

Amphetamines have a long history of abasdare clearly associated with
increased risks of cardiovascular complications sudtrake andnyocardialinfarction
(MI), thedeath of a segment of heart mugéawson andvioffat, 2012).
Methamphetamine ba&ffects similar to cocaine on the cardiovascular systéth the
hearts of chronic users showing hypertroggrgwth in size of the heart through an
increase in the size of its celtd microvascular disegsehich ae diseases in the finer
blood vesselancluding capillaries.Use 0f3,4-methylenedioxyN-methamphetamine
(MDMA) , an amphetamine derivativetter known as ecstgsesults in similar
cardiovascular changéMlilroy and Parai2011).

Methamphetamine anindirect sympathomimetic agent distinguished from
amphetamine by a more rapid distribution into the central nervous sy#tmsm
associated with adverse effects to every organ systiémugh the most significant

morbidity and mortality occur becauseaafrdiovascular effects (Vearrjg€sreenberg
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Miller, Okanekyand Haggerty2012). Usershave significantly higher rates of coronary
artery disease than the public. Even patients with normal coronary arteries are at risk for
methamphetaminsducedMI, which can result in cardiogenic shao@n inadequate
circulation of blood due to primary failure of the ventricles of the heart to function
effectively) leading todeath (Vearrigret al, 2012).

Experimental evidence suggests thRMA has cardiotoxic preerties similar to
cocaine and methamphetamine. Use8IDMA appear to be at riskimilar to users of
other stimulantgor myocardial hypertrophy anzhrdidoxicity, adruginduced
suppression of heart muscle or its conduction sy¢iate] Belson Wright, Lub,
Heningereand Miller, 2005).

Fox and Payndames (2012) studied 175 deaths proximate to the application of a
TASER ECDand found thae5 of those casesvolved methamphetamine atwlo
involvedMDMA | a total of 15.4 percent. In a study of 213SRECD-proximate
deathsWilliams (2008) found thain 125 deaths that occurred between 2001 and 2005
for which autopsy and toxicology reports were availaBPrasesor 25.6 percenthad
positive results for amphetamimaethamphetamin@r MDMA .

Dawes, Ho, Cole, ReardonLundin, Terwey, Falvey, andMiner (2010)infused
four sheep with 0.5 mg of methamphetamine per kg of body wéaghtreceived 1.0
mg/kg four received 1.5 mg/kgnd four control group animals received no
methamphetamine. They fadithatin eightanimals weighing less than 88,
application of a TASER ECD triggered cardiac captareeating of the heart in response
to anexternalelectrical stimulus In eightanimalsweighing more than 32 kfowever

there was no such effectn ho case did the application of a TASER ECD prodtiee

45



There are no human modetperiment®n the effects of methamphetamine on TASER
technology.
Cannabis

Reports linkingcannabis us® MI and sudden cardiac dedifst appeared ithe
late 1970s (Kaih, 2006). Medical literature has reportedses of acute coronary
ischemiaan inadequate supply of blood and oxygen to meet the metabolic demands of
the heart muscleevenwith normal coronary arteriest he literature is undecided on
whether cannabisse causecoronary artery disease (Linds&pale Warren and Henry
2005). There have also been several case reports suggesting that marijuana can trigger
MI and arrhythmiagKarch, 2006). Although raresudden death has been reported in
cannabis usensith and without evidence of coronary heart diseasd the risk oMl
within an hour following cannabis uge4.8 times highethan the risks for neosers
(Lindsay; et al 2005).

In a study of 213 TASERCD-proximatedeathsWilliams (2008) found thain
125 deaths that occurred between 2001 and 2005 for which autopsy and toxicology
reports were availablé6 (12.8 percentyerepositive for marijuanaThere are no
experimerg on the interrelationship of TASER technology and cannabis esther
anmal or human models
PCP

PCP and its derivative, ketamine, induce alterations in behavior that resemble
schizophrenia, and acute ingestion of PCP can induce a schizodikesi@te in
otherwise healthy humans (Kargieman, Riga, Artigas, and Celadg), ZDi@se

behavioral changes were first observed in the late 1950s when PCP, administered to
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healthy volunteers, generated a form of psychosis. When the drug was administered to
schizophrenic patients it intensified their symptoms of profound disorgamzesome

of these symptoms lasted for weeks. PCP psych@sso similar to schizophrenia that
many psychiatristsould notdistinguish them withoutraindication ofprior drug abuse
(Olmedo, 2006).PCP was first used as an intravenous anesthetaise itdid not
significantly depress respiratory or cardiovascular function. However, patients del/elop
postanesthetic delirium and hallucinations. Violent behavior has often been attributed to
the use of PCP, but the correlation between PCP and wpdgohotic behavior is

unclear (Pestaner and Southall, 2003).

In a study of deaths following the application of early generation TASER ECDs,
Kornblum and Reddy (1991) found that 8 of 16 deaths (50 percent) involved the use of
PCP. Fox and Payalames (202) studied 175 deaths proximate to the application of a
TASER ECD and found that 2 (1.1 percent) of those cases involved PCP. In a study of
213 TASER ECBproximate deaths, Williams (2008) found that, in 125 deaths that
occurred between 2001 and 2005vdrich autopsy and toxicology reports were
available, 2 cases, or 1.6 percent, had positive results for Pie are no experiments
on the interrelationship of TASER technology and PCP use in either animal or human
models.

Opiates

Opiates are a class dfugs that include opium or opium derivatives, either
natural or synthetic, and have a sedative effect. Opiates include buprenorphine, codeine,
diphenoxylate, fentanyl, heroin, hydrocodone, hydromorphone, levacetylmethadol,

levorphanol, meperidine, methatk, morphine, morphine diacetate, opium, oxycodone,
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oxymorphone, propoxyphene, and tramadol. Opium, a product of the poppy plant, was
cultivated as long ago as 3400 B.C. In 1806, Frederich Sertlirner isolated the primary
active ingredient in opium, whidie named morphium. Morphium, now known as
morphine, is 10 times more potent than opium itself. In 1874, chemists devised a
chemical bonding process for morphine that produced hEemisubstance about three
times as potent as morphine. Bayer LaborasasfeGermany initially marketed heroin in
1898 as a neaddictive substitute for codeine, which is also derived from opium. It took
nearly a decade to realize that heroin was the most addictive of the opiates, able to affect
brain functioning faster thaanything then known (Isralowitz and Myers, 2011).
Recently, increased use of opiates to manage chronic pain has led to new and growing
problens with addiction and misuse (Okie, 2010).

In a study of 213 TASER EGProximate deaths, Williams (2008) found tha
125 deaths that occurred between 2001 and 2005 for which autopsy and toxicology
reports were available, 3 cases, or 2.4 percent, had positive results for opieesare
no experiments on the interrelationship of TASER technology and opiate esledar
animal or human models.
LSD

Albert Hofmann first synthesized LSD, a sesgnthetic product of lysergic acid,
in 1938. He accidentally discovered its psychological effects in 1943. LSD was
produced commercially in the 1950s as an experimentaid@mhance
psychotherapeutic treatments. By the late 1960s, people began using LSD recreationally,
leading to the psychedelic movement during the student protests of the era. Although the

protest movement has declined, LSD has appeared as a majof dhugse in every
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National Survey on Drug Use and Heatdlince the 19709P@ssiel, Halpern, Stichtenoth,
Enrich, and Hintzen, 2008).

Moderate doses of LSD can alter the state of consciousness characterized by
euphoria and altered psychological functionifgaumatic experiences include mood
swings and rare flashback phenomena. Psychomotor functions, such as coordination and
reaction time are frequently impaired after using LSD. Researchers have atso note
decreases in performance on tests of attentidrcancentration. However, despite some
cases of exceedingly high LSD concentrations, there have been no documented human
deaths from an overdose (Passiel, et al., 2008). None of the studies cretatedt
deaths or TASER ECIproximate deaths commen any case related to the use of LSD,
andthere are no experiments on the interrelationship of TASER technology and LSD use
in either animal or human models.

Mental lliness

A principle tenet of higtrisk group theory is that people with mental illness are
especiallysusceptible to sudden arrestated death following application of a TASER
ECD. Howeverno one has ever described a mecharngexplainhow orwhy. There is
evidence in medical literature to demonstrate that populations with mental #inesse
particularly schizophrenjare at higher risk for sudden death (Glassman and Bigger
2001). The death rate for the mentally ill is nearly three times higher than the death rate
for the general population due to an increased suicide rate and inareasality due to
natural causesncluding cardiovascular disease (Haddad and Ande2gfi?).

Additionally, medical literature indicates thie taking of antipsychotic drugs to

treat mental illness increases the rate of sudden death. Althoughficigitdid be sure
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that a specific drug is at fault in a patient population that is already more likely to
experience sudden deathe first report of sudden arrhythmic deeghated to the use of
an antipsychotic drug appeared in 1963 (Glassman and Bifif¥). Recent studies
indicate that current use of antipsychotic drugs is associated with a higher risk of sudden
cardiac deathout the risks are also elevated with lelegm use (Sabiné&traus
Bleumink Dieleman van der LeiJong Kingma, Sturkenbom, and Stricker2004).
Patients using antipsychotics havé& to 5.3 timesigher rates of cardiac arrest or
ventricular arrhythmias than controls (KoponAfaraisdnenSaarj PelkonenHuikuri,
RaatikainenSavolainenand Isohanni2008). RayChung Murray, Hall, and Stein
(2009) in along-termobservational studgf Medicaid enrollees in Tennessémnd that
the risk of sudden death for individuals receiving antipsychotic drugswest2 .4
times greater than for nonusers.

Research reveals thidite use of atipsychotics can cause sudden delatbugh
several mechanismiut particular interest centeon torsade de point¢$dP) a
polymorphic ventricular arrhythmia that can progress QT prolongation(delayed
repolarization of the heart follving a heartbegato VF and sudderardiacdeath
(Haddad and AnderspB8002). TheQT interval runs from the beginning of the QRS
complex to the end of the T wawand it represents the time between the onset of
electricaldepolarizatiorof the ventriclesnd the end aflepolarization QT prolongation
is a marker for the developmentTdP, and prolongation longer than 100 milliseconds
(ms)mightbe a risk factor for lifehreatening ventricular arrhythmiéldaddad and

Anderson2002).
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Little literature &ists regarding the implications of TASER ECD use on

individual s with ment al il Il ness (O6Brien,

the use of ECDs in New Zeal and, OO0Brien
(2011) discovered that officers were maahan twice as likely to discharge TASER ECDs
in mental health emergencies as in criminal arrests, but they found no deathsterrong
health implications in the mentally ill population. In a study of the Critical Incident
Team of the Akron (Ohio) Pigke Departmentresearchers examined the use of a TASER
ECD on 27 individuals with enental illness and reported imcident resulting in death or
serious harm to the individuals in crigMunetz Fitzgerald and Woody2006).

White and Ready (2009) stedi news media reports of TASER ECD incidents
from 2002 to 2006comparing incidents in which a fatality occurred to incidents in which
a fatality did not occur. They found that a suspect was twice as likely to die following
TASER ECD deploymerit the supect was emotionally disturbed or mentally ilh a
study of TASERECD-proximatedeathsWilliams (2008) found thain 125 deaths that
occurred between 2001 and 2005 for which autopsy and toxicology reports were
available 25 (20.0 percent) had a hisyasf mental illness.

Ho, Dawes JohnsonLundin, and Miner(2007) studied a database of more than
10,000 TASER ECD applications and found 2452 reports of use on mentally ill persons.
The researchers discovered that in 36 of those cases the subjectlhiied2vhours after
exposure. The researchers noted that in 32 @ahikeaths officers reported the ECD
had no effect on the subject. In 33 of B&casescoroners or medical examiners

concluded that the ECD was not the primary cause of death. Qunlisted causes of
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death included illicit drug intoxicatigrexcited deliriumand cardiac disease. time
remainingthree caseso cause of death was available.

Excited DeliriumSyndrome

Perhaps the most contenticursd misunderstoggroposition of hgh-risk group
theory is excited delirium syndronfgxDS). Critics of TASER technology claim that
findings ofExXDSas a cause of deatierelyexcuse inappropriate or excessive use of
ECDs (Amnesty Internationg2008, Braidwood 2009; Schlosber@005; Sbughton
Pendergras€elon and AlKhatib, 2011; Whitfield and Lgi2011). They note that the
American Medical Association does not recogriEz®S, and the term does not appear in
the International Statistical Classification of Diseases and Related hi¢ssues10"
Revision or theDiagnostic and Statistical Manual of Mental Disordet$ Edition
(Ranson2012).

In France in 1832.. F. Calmeilfirst described an uncommon but liflereatening
psychosis with extreme hyperactivity and mounting feamfath stuprous exhaustiora
complex of symptomsimilar toExDS (Morrison and Sadle2001). Many medical
experts argue thauther Bell an American physician and mental hospital
superintendenfirst diagnosedhe syndromén 1849 wherhedescribedBellG manig a
condition in which mentally ill patients died unexpectedly following onset of specific
symptomgBell, 1849). Emil Kraeplin a German psychiatrisiescribed in 1896 a
similar set of symptoms that he called dementia praecox (Di Maio andhioj R006).
Research in the 1930s produced several publications that described similar syndromes
leadng to an unexpected death. Irving Derby described the condition as-manic

depressive exhaustip@. M. Davidson labeled it acute lethal excitemand N R.
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Shulak detailed cases he referred to as excited psychotic furors (Di Maio and Di Maio
2006).

In a review of literature on the syndrome, Kraines (1934) noted that standardized
nomenclature did not yet exist. Consequently, the literature has refeEg®S by
many names over 150 years: acute delirious mania, acute delirium, acute exhaustive
mania, acute exhaustive psychosis, acute |
mania, collapse delirium, deadly catatonia, delirious mania, deliraegexcited
psychotic furors, exhaustion death, exhaustion psychosis, exhaustive syndrome, fatal
catatonia, fulminating psychosis, hypertoxic schizophrenia, lethal catatonia, life
threatening psychosis, malignant catatonia, manic delirium, psychotiastixim
specific febrile delirium, and typhomania. ExBSurrently the commonly accepted
term to describe the stereotypical constellation of psychomotor symptoms (Woodford,
2006).

Originally, ExDS referred only to cases that resulted in death, and itlasely
associated with sudden-austody death syndrome. Over time, however, the term found
its way into emergency medical, psychiatric, law enforcement, prehospital, and
medicolegal literature referring to cases that did not necessarily resulthn(dilae,
DeBard, Chan, Ho, Dawes, Hall, Curtis, Costello, Mash, Coffman, McMullen, Metzger,
Roberts, Sztajnkrcer, Henderson, Adler, Czarnecki, Heck, and Bozeman, 2011).
Although research waned following the 1930s, resurgence in the 1980s marked a
significant change in understanding of ExDS. Wetli and Fishbain (1985) reintroduced
EXDS, relating it to use of cocaine, and spurring increased research and literature.

Medical science no longer recognized ExDS only as a condition of mental illness. It had
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deweloped symptoms attributable to the use of illegal stimulant drugs, such as cocaine
and methamphetamine, and to medications used to treat chronic mental illnesses (Di
Maio and Di Miao, 2006).

The National Association of Medical Examindrss recognizedExDS since the
1990s (Vilke et al, 2011) and theAmerican College of Emergency Physicians
recognizel ExDSas a unique syndrome 2009 (Hoffman2009) In 2008 the Minister
of Justice andhe Minister of Health for Nova ScotigCanadaconvened an advisp
panel to review the phenomenamd its role in custody deaths. The panel concluded that
there is general agreement in the scientific literature that mortality rates increase in the
presence of the signs and symptomgExiDS, even with medical interveian or in the
absence of restraint by law enforcement. Howeherpanel preferred the term
autonomic hyperarousal state to describe the cluster of symptoms (KétgbeBowes
Ross Sanford Smith, Techanand Theriault2009).

ExDSis comprised ofdur componentsvhich appear in sequence: hyperthermia
delirium with agitationrespiratory arresand death (WetliMash and Karch1996).
Patients exhibit bizarre and violent behavior characterized by aggressiobativeness
hyperactivity paranog, incoherent and undirected mental and physical aggressidn
hyperthermia that often precedes fatal cardiopulmonary arrest (RGE&8%.

Observers often describe extreme sweatwmarre speech and behaviektraordinary
strength and seeminglynitless endurance (Farnham and Kennd@@7). Underlying
causes oExDSinclude maniedepressive psychosishronic schizophrenjantoxication
with sympathomimetic or anticholinergitugs alcohol withdrawaland head trauma

(Park Korn, and Hendersqr2001).
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Although there is no known anatomic cause of deaExIDS casescoroners or
medical examiners often cite catecholamiméuced cardiac arrhythmidsregular
cardiac rhythms caused by naturally occurring compounds in the body such as
epinephrinenorepinephrine or dopaminegstraint or positional asphyxiar adverse
cardiorespiratory effects of ECDs. Howemease reviews demonstrate that the
individuals generally are medically unstable and in a rapidly declining state that has a
high risk ofmortality even with medical intervention and in the absence of restraint stress
or ECD deployment\lash Duque Pablg Quin, Adi, Hearn Hyma, Karch, Druid, and
Wetli, 2009). Medical literature supports that mental str@sth or without physical
exertian or underlying pathologic conditionsan cause sudden cardieath The
forensic literature also documents sudden death during emotional experiencest ihus
apparent thgphysiologic responses to stressful psychological fachogbt alone
provoke sudden death (MirchandaRiorke SekulaPerlmanand Hood1994).

In a study of 9EXDS patients Mash et al.(2009) found that psychostimulants
agents that temporarily arouse or accelerate physiological or organic axishtyas
methamphetamine ambcaing werepresenin 94 percent of the cases. Villet al.

(2011) reviewed 18 articles to analyze clinical findings in subjects who died with-a post
mortem diagnosis dixDSand found that the victims typically had many or moghef
features listd in Table 4 Features of Excited Deliriuna compilation of how often each
attribute of ExDS appeared in the 18 articles.

The Ontario (Canada) Coronero6s Office p
deaths that occurred between 1988 and 1995 within tivinpsoof Ontario (Pollanen,

Chiasson, Cairns, and Young, 1998). Twelve subjects experienced ExDS caused by a
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Table 4. Features of Excited Delirium Syndrome

Articles

Features in history
Male gender 16
Mean agen 30s 16
History of psychostimulant aise 11
History of mental illness 8
Sudden onset 4

Features evident at scene
Call for disturbance/psychomotor agitation/excitatior 18
Psychosis/delusional/paranoid/fearful 13
Violent/combative/belligerent/assault call
Violence toward/destructioof inanimate objects
Yelling/shouting/guttural sounds
Disrobing/inappropriate clothing
Subject obese
Walking/running in traffic
Not responding to authorities/verbal commands

o
PwWOa~NNR

Features evident on contact
Significant resistance to physiaastraint
Superhuman strength
Continued struggle despite restraint
Impervious to pain
Profuse sweating/clammy skin

=

WW~NO®ER

Features with clinical assessment
Hyperthermia
Tachycardia
Rhabdomyolysis
Acidosis
Hypertension
Tachypnea

=

P WWwWwoINN

Features of death
Sudden collapse after restraint
Aggressive resuscitation unsuccessful
Respiratory arrest described
Period of tranquility/giving up
Cardiac rhythm bradgsystole or PEA

=

wWhooN

Features on autopsy
Drug screen positive for gehostimulants
No anatomic correlate for death
Drug levels lower than anticipated
Dopamine transporter dysregulation

Vilke, et al., (2011)

N WO ©

psychiatric disorder, angightsubjects experienced cocaine induced psychosis. Eighteen
of the deathsaurred when the victims were in police custody and could not be
resuscitated. Of the 21 deaths, none followed the use of a TASER ECD. Stratton,

Rogers, Brickett, and Gruzinski (2001) examined 216 arrests and detentions of subjects
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requiring restraint foExDS in Los Angeles from 1992 through 1998. They found that 18
people died following restraint, but 198 subjects survived. Of the 18 deaths, 14 had
stimulant drugs in their bodies. In five of the deaths, officers used a TASER ECD. In the
remaining 13Jleaths, officers used other force options. In each case, death was preceded
by a short period during which the victim ceased struggling against restraints and
developed labored or shallow breathing. In a study of 213 TASER [EGmate
deaths, Williamg2008) found that, in 125 deaths that occurred between 2001 and 2005
for which autopsy and toxicology reports were available, coroners or medical examiners
listed EXDS as the cause of death or as a contributing factor to the death in 44 cases.
Pregnancy

Little is known about the effects of electrical exposure on a fetus. Most of the
literature is a collection of case series repansl there is only one report in the medical
literature directly addressing application of a first generation TASER ECD (V@92).
News medidhavenot reporeda TASERECD-proximatedeath of a pregnant womgasut
there are reports alleging six fetal deatbhbsequerib use of TASER ECQs$ncluding
the one included in the medical literature (Berst#891: DiFilippg 2012;Heisig 2011;
Ihejirika, 2012; Maddux2012; Oakes2002).

The single case reped in the medical literatur@escribes a spontaneous abortion
in a female heroin uselShewastaken into custody for drug abusevendays before
application of a TASER EChenshetested positive for heroin. At the time of the
ECD application she wasightto tenweeks pregnant (Mehl992). While in jalil
officers used a the ECD and hit hetlwe abdomen and the leg. She began spontaneously

to miscarrysevendays late and received a dilatation and curettage procedure 14 days
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later for incomplete abortion (MeHl992). No conclusive link with the TASER ECD
was proven (Bleetmaisteyn and Lee2004).

EinarsonBailey, InocencionOrmond and Koren(1997) conducted &y of 31
women who had been exposecetectrical current atarious voltage levels during
pregnancy. Compared to a control group of 30 waqrtieme wereno differences
between the groups in pregnancy outcobmeh weight gestational agaype of delvery,
or rates of neonatal distress. The researchers concludeia thaist casesaccidental
electric shock occurring during dag-day life during pregnancy does not pose a major
fetal risk. Howevemone of the womereceiveda shock from a TASER ECD
According to Mehl (1992)he uterus and amniotic fluid are excellent conductors of
electric currentsoone possible explanation for TASER ECD related fetal death could be
cardiac arrest caused by current reaching the fetus. There are no mediealtesiufig
his hypothesisand none of the studies on TASERD-proximatedeaths or arrest
related deathdiscussepregnancy.

CardiacEffects of TASER ECDs

It is well documented in medical literature that external high voltage stimulation
of the heart camfluence the internal electrical activity of the heart and can lead to
cardiac arrhythmia and VF. The effect of the electricity depends on théshstaté of
agitation and the current applied. The thresholdHfecurrent and voltage required to
inducemyocardial contracticswaries with impulse duratigmnvhich means that shorter
pulse duratioarequire larger amounts of current to depolarize the cardiac membrane and

alter the cardiac rhythm (Kun@rove and Fischer2012). This knowledge led to elgr
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studies of the cardiac effects of TASER discharges following reports of sudden
unexpected deaths.

TASER International funded many of the early studies due to their obvious
interest in the results. The results of those studibiEh showed no cardiadfect in
humanshave been criticized. Azadafiseng Ermakov Marcus and Leg(2011)
compared the conclusions of studies that were sponsored or funded by TASER
International to the conclusions of independently funded studies. They fountuthes s
funded by TASERnternationaland/or written by an author affiliated with the company
weresubstantially more likely to conclude that TASERsresafe and thus research
supported by TASER Internationalight be significantly biased in favor of TASER
safet.

The debate over potential adverse cardiac effects of TASER ECDs is complex
unsettledand confounded by the lack of sufficient scientific evidence to reach
conclusions under the unusual psycholagjishysiologi@l, metaboli¢ and physical
conditions @ real world applications. There are many limitations to current studies based
on epidemiologic observations and clinical studies in healthy volunteers. Important
confounding clinical variablesuchas ExDSrestraint techniquesinderlying
cardiovascudr diseasanetabolic derangemenind the influence of alcohdtimulants
or other drugscannot be controlled in retrospective reviews or reproduced in clinical
investigations (Link and Este008).

Many factors promote the argument for TASER EC[2yaf First modeling
studies suggest that teeectricfields ECDs generate within the thorax are too weak to

affect myocardial cells. Secontthe duration of the electrical pulses is much shorter than
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the chronaxigor the optimal stimulus duratipof the heart. Thirdanisotropythe
tendency of the electric current to follow the grain of skeletal mudielerts current
around rather than though the thoracic cavity. Fotimthlungs and the perpendicular
muscle grain of the pectoralis major h&dshieldthe epicardium (Kro)l2009). It is
possible that abnormal or diseased hesgsnore vulnerabléo TASER shocks than
normal healthy heartbut thereare no studiesfdhe effects of TASER ECDs on such
diseasedheartg(Tchouy 2007).

The most common cause of death following both higind lowvoltage electrical
injuriesis ventricular fibrillation (VF) but survivors can suffer many arrhythmitem
premature ventricular contraction to atrial fibrillatidPriimavesj2009) If ECDs were to
causedeath by direct cardiac stimulatighe initial post arrest rhythm should Y&, and
subjects should collapse within 10 to 15 seconds after ECD discharge. If collapse is
delayedor the initial rhythm is an idioventricular rhythisuch as asystole or Iseless
electrical activity(PEA), then electrically induce®F is not the cause of death
(Swerdlow Fishbein ChamanLakkireddy, and Tchoy2009). Some medical
researchers recommend cardiac monitoring for as long as 24 hours after electrical injuries
to prevent deaths from delayed arrhythmibstarrhythmias in patients after electric
shock are uncommon antipresentare usually visible on the first electrocardiogram
(ECG)(Primavesj2009).

The X26 produces aaverage current of 118A, or about oe percent of the
current needed to cause the heart of the typatdt enale to fibrillate. The heas
chronaxie is about 815 or about 30 times as long as the chronaxie of skeletal muscle

nerves and the pulse lengths of a TASER ECD. The sjdé® airrent required to
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electrocute someone by directly pulsing the most sensitive part of the heartbeat using 3
mspulses is about 3 amps. Becaakthe 100us pulse of the TASER EC[which is

only a small fraction of the hed@stchronaxigit would hypotheically take a current of 90
amps to initiate/F as compared to the X26 current of 1.9 (i&oll, 2007).

Animal ModelExperiments

Scientists often use animafmrticularly pigsas a substitute for humans in
medical experiments. Jauchem (2010) cites s¢veasons why a swine model is
appropriate for TASER technology experiments:

« the comparability of domestic pig skin to human skin;

« the similarities of pigs to humans in chemical and physical characteristics of blood
respiratory parameterand response® muscular exercise;

« the anatomical and physiological similarity of gitungs to those of humans;

« the equivalence of the ratio of heart size to body weight in pigs and humans;

« the resemblance of coronary arterial distribution of pigs to humans; and

« normal swine intracardiac electrophysiological parameters resemble those of humans
more closely than any negrimate animal.

However there are important confounders in swine experiméantkiding
anatomical and electrophysiological differences between haiarach pigsthe use of
anesthesiacontrolled laboratory conditionand repetitive shocks in animals smaller than
humans (Pippin2007). Researchers have known since 1936 that swine are unusually
sensitive to the electrical inductiondF (Kroll, Panesa, Carvet Kroll, and Hinz
2009). Pigs provide a conservative model for the risks of the inducti, eéquiring

35 percent less current for the same body mass to indrug€roll, Luceri, and Calkins
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2007). In pigsthe Purkinje fibers that innerieacardiac muscle cross the entire
ventricular wal] whereas in dogs and humans they are confinedhim &ndocardial
layer. Activation of contractions in swine proceeds from the epicardium to the
endocardiumwhereas it occurs in the reverse direciiodogs and humans.
Radiofrequency ablatigmoutinely done in humansypically produces/F in swine
because they are more sensitive to higher frequencies than are human€£éfkiis
Luceri, Grahamand Heegaar®008).

Despite the fact that pigseamore sensitive than are humans to electrical currents,
it is appropriate to use them for relative witlsipecies comparisons. For example, it is
scientifically valid to use pigs to study the differential effects of cocaine versus no
cocaineor to studythe effects of varying body weight GASER ECDsafety margins
(Kroll, PanescuCarver Kroll, and Hinz 2009.

Although most TASER technology experimeatsanimalsnvolve swvine
models there are two notable experiments involving cardiac effects on ddgSaniel,
StratbuckerandSmith 2000) administered 236 shodkem a first generation TASER
ECDto five anesthetizedogsthroughprobes they placed in and on the thorax to
maximize the potential for adverse cardiac interactions. The dischargesdeasuio
episodes o¥VF. Howeverin one animalthe researchers could intermittently pace the
heart when both TASER probes were directly over the heart. They concluded that the
risk of inducingVF in healthy humanby the normal use of early model TASEHEDs
was very small.

McDaniel and Stratbucker (2006) anesthetized five dogs and subjected them to

shocks from aM26. They placed thprobeson the thoraxkeeping the heart between
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theprobedto create a worstase scenario. Four dogs receiugdaverous epinephrine to
increase the heart rate and simulate flightl three dog&ere shockedimultaneously
with two devices. The researchers applied 192 discharges from théit26ey
observed no evidence Wf.

Experiments on swine models have testexleffects of TASER technology on
cardiac safety by varyingingularly or in combinatigrcurrent strengthcurrent duration
probe locationnumber of dischargeand infusion otocaine In an experiment with 13
anesthetized adult pigStratbuckerRoeder and Nerheim (2003) applied 71 discharges
of a standard X26 directly into the chest the animalsconfiguiing the electrodes to
maximize the likelihood of cardiac interaction. Standard X26 discharges never produced
VF, and the stimulation was inSicient to evoke even an occasional paced,lvéaith is
a much lower stimulus threshold than inductio’vét Theresearchersicreased the
intensity of the pulsed¥uttheydid not induceVF until they had increased the intensity
by 2,000 percentor 20 times greater than the standard charge.

Anotherteam of researchec®nducted study to compare the standard X26
discharge with the discharge necessary to ini&tén nine pigs They anesthetized the
animals and continuously monitored their artdsiaod pressurebloodoxygen
saturationrespirationand heart rate. They positioned the probes to ensure that the
charge was delivered across the thorax. They first applied the standard TA&gR0
the animalincreasing the charge with each setdpsent application until tiyenduced VF.
They found thatdirectly proportional to the weight of the animaldischarge 15 to 42
times the stadard discharge of the X2@as necessary to induvé (McDaniel

StratbuckerNerheim and Brewer2005).
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Lakkireddy, Wallick, Ryschon Chung Butany, Martin, Salibg Kowalewski
Natale and Tchoy2006) tested five pigs using a custom designed instrument built to
deliver multiples of the standard TASBER6 discharge. They applied the discharges in
a stepup and sgp-down fashion using tethered probes at five locations. They observed
that a single standard application did not induce VF at any of the five locations.

DeMonte Wang Ma, Gaqg and Joy(2009)used current density imaging to
measure average current déysnagnitude in the torso of an-uivo piglet for applied
current pulse amplitudes ranging freemmA to 110 mA. They found that they could
applycurrent pulses exceeding 500 microcoulombs (uC) to the chest of a small piglet
near the heart without fatgldisrupting cardiac function under the condition that the
pulses were applied within a window of about 180 ms following tiveake of the
cardiac cycle. They also noted that other experiments have shown that cardiac function
can be disrupted by curremlses withacharge as low as 190 uC when these pulses are
applied following the Twave of the cardiac cycleéut the average output of X26 is
only 80 pC.

BeasonJauchemClark, Parker and Fineg2009) anesthetizetenpigs and
subjected them to pudsvaveforms similar to the X26 to test the relative effects of pulse
variations on muscle contraction and the possibility of cardiac effects. They fouta that
reach &0 percent probability ahducingVF, it would take fourto five timesmore
currentthan a standard X26 dischargearge variations about the X26 operating level
did notresult in VF or asystole.

Walcott, Kroll, and Ideker (2011) experimented witbe pigs to study the VF

risks of a train of multiple short pulses such as those usedA$SER ECD. They
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placed an electrode through the anterior chest so the tifewasn from the epicardium
and they attached a return electrode to the lower abdomen. They deliversechwel
trains of 100 us pulses at rates ofi1P0 PPS with graduallycreasing charges until

they induced VF. As expectdthie VF charge threshold decreased with increasing rates.
They concluded that the output of TASER ECDs were well below the VF risk Imits
internationalstandards.

NanthakumarBillingsley, Masse Dorian, CameronChauhanDownar, and
Sevaptsidig2006) noticed that previous studies used only surface ECG monitoring.
Electromagnetic interference of the discharge prevented examiniimgrtiezliatecardiac
electrophysiological consequences of the pisehe introduced intrecardiac catheters
and blood pressure transducers sitopigs They tested th®126 and X26models by
applying charges in two vectors: a thoracic vector that ran parallel to the long axis of the
heart on the chest walind a no-thoracic vector that ran away from the heart across the
abdomen. They also investigated two different lengths of discHfargseconds and 15
seconds.The researchers studied the effects of diSBharges of atandard TASER
ECD. Of those 94 were horacic discharges and 56 were #ibaracic.

During the northoracic dischargeshe researchers observed no stimulation of the
myocardium. Howevethey did observe myocardial stimulation in 74 percent of the
thoracic discharges. The X26 model was niikedy to stimulate the myocardium than
the M26 modeland the 15econd duration was more likely to stimulate the myocardium
than the fivesecond discharge-dowever none of the discharges resultedvm or VF.

To simulate conditions of ExD&ey infugd the pigs with epinephrine and applied 16

discharges in the thoracic vector. Thirteen of those discharges resulted in stimulation of
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the myocardium. Of those 13 discharge®e resulted in VF and one resulted in-hon
sustained/T, which spontaneously teinated.

Walter, Dennis Valenting Margeta Nagy, Bokhari Wiley, Josephand Roberts
(2008) anesthetized and paralyzed 13 pigs then exposed them to-$eocof@l
discharges fromraX26 across the torsd?reexposure and dive, 15, 30, and 60
minutesand at 2448, and 72 hours postischargethey recorded blood pressuwal
signs blood gaseslectrolyte levelsand troponin [a protein released into the blood by
damaged heart musgleThey also performed ECGs and echocardiography hefore
during, and after the discharges. The ECGs were unreadable during the discharges due to
electrical interferencdut that interference did not affect echocardiography images. The
researchers observed during the dischagasliac rhythm was captured immedigtat
a rate of approximately 300 beats per minute (BPM) in all animals. The capture
continued for the duration of the discharge. In three cases rhythm returned within
five seconds of discontinuing the discharge. In two other anithalg obsered VF after
the discharge by both ECG and echocardiography. In one of those aspoalsaneous
reversion to sinus rhythm occurred after 15 secdmatsthe other VF resulted in death.
Another animal showedT for fewer tharfive seconds before revearg to sinus rhythm.
In the last three casdbe rhythm during discharge did not change when the discharge
ceased The researchers noted that blood chemistry values were not significantly affected
in the postdischarge period. In surviving animghteat rate was not significantly
affected and hypotension was absent.

In an unpublished study from the Institute of Nagthal Defense Technologies

The Pennsylvania State Universitgsearchers examined the effects of ergn
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continuous application of &hX26 waveform on anesthetized pigs. In phase one of the
study, two pigs which had not been ventilatedied following less than three minutes of
exposure. Researchers observed no indications of breathing or respiratory gas exchange
during that time.Noting that research on conscious humans indicated no interruption in
breathingthe researchers decided mechanically to ventilate the pigs in the next phase. In
phase twoone pig was subjected to a thiaeute exposure fronnax26, and one pig

was subjeted to a sixminute exposure. Both pigs survived. In phase thesearchers
exposedenpigs to various exposures fraento 30 minues. Two pigs died after about

four minutes of exposur@and one pig died after approximatédypminutes. Three of

five pigs exposed for 30 minutes survivethe researchers concluded that anesthetized
swine would not experience a fatal event when exposeuX@@for up to three

continuous minutes if provided with ventilation and that there was no dose effect of
exposur@® the longer applications did not correlate to increased risk of death. They also
concluded that their data indicated that metabolic acidosis and cardiac arrhythmias were
not likely causes of death (Hugh&ennett Murray, Werner and Jenkins2007).

Valenting Walter, Dennis Margeta Starr, Nagy, Bokhari Wiley, Josephand
Roberts2008) anesthetized four pigsaralyzed themand exposed them ten-second
discharges from a standard X26. The researchers pushed the probes into the skin to full
depth and arranged them in transcardiac andtnamscardiac vectors. They studied 11
different vectors and 22 different discharge conditipesforming echocardiography and
ECGs beforeduring and after discharge. Although ECGs were not readable during
discharge because of electrical interferemodocardiography images demonstrated

ventricular rhythm capture in 31 of 59 discharges on the ventral surface. Ventricular
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capture occurred in 23 of 27 transcardiac vector discharges. The researchers observed
ventricular capture in only eight of 32 ntmanscardiac discharges. They also observed
two instances of Vfboth in the transcardiac vector. They concluded that cardiac capture
was statistically less likely in the ndranscardiac vectors.

Park Choi, Ahn, and Min(2013) anesthetized 14 pigs and exposed them to either
afive-secondor atensecond discharge. Blood pressure and total peripheral resistance
decreased significantly after ECD discharge and returned to baseline values at 15 minutes
following thefive-secondlischargesbut they did not return to baseline values during the
30-minute observation period after ttemrsecond discharges. The researchers concluded
that repetitive X26 discharges resulted in advessdiovasculaevents with a dose
response relationship related to the duration of X26 discharges in an anesthetized swine
model.

Lakkireddy, Kowalski, Wallick, Verma Martin, Ryschon Butany, Natale and
Tchou(2006) anesthetizet3 adult pigsandapplied TASER dischargesiatreasing
multiples of standard output in five pairgadobepositionsuntil they induced/F. The
researchers found that fibrillation thresholds were lowest when they applied the probes in
the axis of the heart with opgobeat the sternal notch. They observed tighést
values when they applied the pulses furthest away from the heart. They nqtedehat
in the worstcase scenario with the probes plunged fully toward the,likaytwere
never able to inducéF using a standard discharge.

Tchoy Lakkireddy, andWallick (2007) positioneck26 probesn five

configurationson the torsos of 18nesthetized pgy They observed that the current
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output equivalent to a standard X26 discharge did not indEda any pigin any of the
five configurations

WebsterWill, Sun Wu, ORourke Huebneyand Rahkq2006)anesthetized ten
pigs and placed the probes of%26 in various location® determine the prokt®-heart
distance necessary to induce.VFhe mean probt-heart distance that causel was
17 mm (x 6.48 mm) for the firstVF event and.3.7mm (x 6.79mm) for the average of
successiv&/F eventsn the same locationThe researchers concluded that when the
probe is close enough to the hetré current from@aX26 coulddirectly triggerVF in
pigs. They alsmoted that echocardiography of erect hunrawealedskin-to-heart
distances frontento 57 mm.

Wu, Sun O&Rourke HuebnerRahkq Will, and Webste(2008)noted that in the
previousstudyimmediately aboveesearchers had placed the TASER probe into a
bluntly dissected pathway that they had filled with a conductive gel to excludé&raer
gelunintentionally permitted a more direct electrical pathway to the heart that likely
increased the probe-heart distance where the TASER ECD could cAseIn this
experimentthe researchers positionatlunt probe through surrounding tissues without
the conductive gelThe mean prob&o-heart distance that caused VF vda8mm (x
1.79mm) for the first VF event an8.4mm (x 2.41mm) for the average of succesgsi
VF events in the same locatiomhe researchers concluded that the reducdtidhe
probeto-heart distancelearly indicated that the previous procedusegconductive gel
substantially increased the distance at wihéhECD could induc¥F, presunably by

reducing the resistance of the pathway from probe to heart.
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Lakkireddy, Wallick, Vermg Ryschon Kowaleski Wazni Butany Martin, and
Tchou(2008) attached X26 probes at either the sternal notch or the point of maximum
impulse and moved the secomabe towards the other at distance intervals of
approximately 2.5 centimetefsm) along the axi®n seven pigs They studied
ventricular capture at one standard application. The researchers concluded that
myocardial capture ratio decreased with insieg probe separation up to &% in the
cardiac axis. Howeveeven in the closest possible application along the cardiac axis
TASER current application induced N&-.

Experimental data have established tmetlactrode will capture the heart with a
significantly lower charge when the electrode touching the cardiac tissue is a cathode.
Experimental data also show that there is no difference in the ability of the anode versus
the cathode to inducéF. ConsequentlyKroll, PanescuCarver Kroll, and Hnz (2009)
evaluated the effect of polarity changes on cardiac capture and the indudtien of
regarding the X26. They anesthetized and ventilatrdall swinelocated the apex of
the heart via echocardiograplayd fully inserted TASER probes towards #pex.

They used echocardiography to monitor cardiac contractions to determine cardiac
capture. They deliverectharges of thetandard X26which is100uC, and charges of2
MC to 375uC at 19 PPSfor 15 seconds to test for cardiac captufbere wasio cardiac
capture with the metered & charge but the results were different with the X26. The
TASER ECD created cardiac captupat not VF 16 out of 21 applicationsThere was

no difference between the cathode or anode capture rates. Thereindsction ofVF

at pulse charges up to 3QC, and he difference iZVF induction rates of pulse charges

of 3407 375uC for cathode stimulation versus anode stimulation was not significant.
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Scientists havéngrecognized two methods of inducigr with electrical
currents: (1) delivering a brief higtharged shock during the cardiawave and (2)
delivering lower level currents for one to five seconds. Howédretl, PanescuHinz,
and Lakkireddy(2010 tested a theoretical third mechanjsmmich requires delivering
current sufficient to cause highte cardiac captureCardiac capture causes cardiac
output collapse If the output collapse is sufficiently lonigyleads to ischemjavhich, in
turn, lowers theVF threshold to the level of the currenthich, finally, results invVF.

This process requires approximately 40 percent of the naffadduction currentbut it
requires minutes instead of seconds to indifee They anesthetized and ventilated six
pigsthen delivered from a probe tipnmm from the epicardium an electric current that
was sufficient to cause hypotensive capture but not sufficient to inkfuieathin five
seconds. After about 90 seconals averageVF was induced. The authors noted that
this third mechanism of inducingF could have safety implications relevant to |elegm
exposures from TASEECDsand warranted further studies.

Following concerns that intoxication from methamphetamine created greater risks
for people exposed to shock from a TASER EOBwes Ho, Cole, Readon Lundin,
Terwey, Falvey, andMiner (2010)infused 16 Dorset sheep with methamphetamine.
Theyrecorded the sheé&pcardiac rhythms and took arterial blood samples at baseline
and at each experimental intervention. They gave each she@b0100, or 1.5mg of
methamphetamine per kilogram of body weight. All animals then received ECD
exposures in sequencesfiok, 15, 30, and 40 seconds with a three minute rest between
applications.The researchers observed that all the animals demonstratedfsigns

methamphetamine intoxicatipimcluding atrial and ventricular ectopyefore exposure.
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The smaller animals exhibitedipraventricular @hythmias and the larger animals
exhibited sinus tachycardia after exposur@se of the smaller animals experiedc
ventricular ectopyincluding a run oVT thatspontaneously resolved. Five animals of
varying size had reliable cardiac capture during exposure BUEnand they returned to
sinus tachycardia when the application stopped.

In the only animal modedxperimentof the effects of cocaine on TASER
technology Lakkireddy Wallick, Ryschon Chung Butany, Martin, Salibg Kowalewski
Natale and Tchou2006) found that infusion of cocaine into five pigs increased ECD
cardiac safety margins by 50 to 100 petaove baseline safety margitisereby
decreasinghe risk of an adverse cardiac effect.

Table 5 Animal Model Cardiac Effect Experiments a synopsis of 2animal
model cardiac studies.

Computer and Mathematical Studies

Because direct experimentation the cardiac effects of TASER ECDs on
humans is not always possible because of medical limitations and ethical considerations
scientists have turned to computer modeling and mathematical computations to estimate
the effecs on the heart. Basic calculais derive from the strengthuration formula for
current density that can be used to predict the likelihood of induction of VF. The
strengthduration formula is:

| = lrp+ (1 +c/d)

where | is current measured in milliamps per centifi¢beA/cn?), Iry is rheobase

current measured in mA/&rc is myocyte chronaxie measured in milliseconds (ms), and

d is pulse duration measured in microsecon
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Table 5. Animal Model Cardiac Effect Experiments

Author(s) Animal

Method

Result

McDaniel, Stratbucker, and Smith Canine
(2000)

Multiple applications

Pacing in one animal,
but no VF observe

McDaniel and Stratbucker (2006) Canine

Multiple applications

No VF observed

Stratbucker, Roeder, and Nerheir Swine
(2003)

Multiple applications,
multiples of standard
output

20x standard current
induce VF

McDaniel, Stratbucker, Nerheim, Swine
and Brewer (2005)

Multiples of standard outpu

157 40x standard
current to induce
VF

Lakkireddy, Kowalski, Wallick, Swine Changing vectors, multiples Standard current did
Verma, Martin, Ryschon, of standard output, not induce VF
Butany, Natale, and Tchou cocaine infusion
(2006)

Lakkireddy, Wallick, Ryschon, Swine Changing vectoramultiples Standard current did

Chung, Butany, Matrtin,
Saliba, Kowalewski, Natale,
and Tchou (2006)

of standard output

not induce VF

Nanthakumar, Billingsley, Massé, Swine
Dorian, Cameron, Chauhan,
Downar, and Sevaptsidis
(2006)

Changing vectors, different

lengths of discharge

Myocardial
stimulation in
transcardiac vectp
but no VT or VF
until epinephrine
infusion

Webster, Will, Sun, Wu, Swine
O6Rour ke,

Rahko (2006)

Hue

Probeto-heart distance

Mean probeo-heart
distance to induce
VF 17 mm

Hughes, Kennett, Murray, Wernel Swine
and Jenkins (2007)

Prolonged dicharge

Phase 1 two died not
ventilated

Phase 2 none died
ventilated

Phase 3 five died
during 10i 30
minute exposure

Tchou, Lakkireddy, and Wallick  Swine Changing vectors Standard current did
(2007) not induce VF

Lakkireddy, Wallick, Verma, Swine Varying probe distance Cardiac capture
Ryscha, Kowaleski, Wazni, decreased with
Butany, Martin, and Tchou increased probe
(2008) separation, but no

VF observed

Valentino, Walter, Dennis, Swine Changing vectors, VF observed only in
Margeta, Starr, Nagy, Bokhar prolonged discharge transcardiac vector|
Wiley, Joseph, and Roberts
(2008)

Walter,Dennis, Valentino, Swine Prolonged discharge, Cardiac capture of 30

Margeta, Nagy, Bokhari,
Wiley, Joseph, and Roberts
(2008)

multiple applications

BPM, VF observed||
in two animals

Wu,Sun, O6 Rour ke Swine
Rahko, Will, and Webster
(2008)

Probeto-heart distance

Mean probeto-heart
distance to induce
VF 6.2 mm
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Joy(2009)

Beason,JJauchem, Clark, Parker, Swine Multiples of standard outpu 5x standard cuent to
and Fineg2009) reach 50%
probability of
inducing VF
DeMonte,Wang, Ma, Gao, and Swine Multiples of standard outpu 6x standard energy

output to induce
VF

Kroll, Panescu, Carver, Kroll, and Swine
Hinz (2009)

Anode/cathode orientation, No cardiac capture at

multiples of stadard
output

72 uC, capture at
100 pC, no VF up
to 300 uC

Lakkireddy (2010)

Dawes, Ho, ColeReardon, Sheep Different lengths of Cardiac capture in all
Lundin, Terwey, Falvey, and discharge, infusion of animals, VT in one
Miner (2010) methamphetamine animal, no

observations of VF

Kroll, Panescu, Hinz, and Swine Prolonged application VF required several

minutes to induce
at lower current

Walcott, Kroll, and Ideker (2011) Swine

Various impulse rates

VF threshold
decreased with
increasng pulse
rates

Park, Choi, Ahn, and Min (2013) Swine

Different lengths of
discharge

No doseresponse
relationship

current density for long durations required to induce VF in humanmi&/@n? (Sun,

Wu, Abdallah, and Webster, 2005). For the X26, theent pulse is about 100 ps. The

myocyte chronaxie is about 1.2 ms for a human VF model. Consequently, the strength

duration formula is:

|=7mAlenf-(1+1.2ms/ 10 0

or

| = 91 mA/cn?

StratbuckerKroll, McDaniel and Panescu (2006) found that the estimated maximum

current density in the heart volume produced by a standard TASER ECD discharge was

€S

2.7mAl/cn?, or approximately three percent of ther/cn?’ cumrent level required to

induce VF.
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Researchens Englandassessed the risk of adverse cardiac events from the M26
andthe X26 by modeling the path of current flow in the body using computational
electromagnetic modeling. They predicted current flow irh#teat and used that data to
enable the application of appropriate currents to a biological @ateisolated beating
heart preparation called a Langendorff preparation. The researchers could assess the risk
of ventricular ectopic beats aMiF andthencompare that data with other evidence
concerning the risks of the TASER ECDpimvidean overall medical view on the risks.
The researchers programmed the values of current density and waveform shape
determined by the modeling study into a simulator ferlitological testing phase of the
safety study using Langendorff preparation. The researchers concluskeskd on the
Langendorff preparation stugat it was unlikely that dischargéom the M26 andhe
X26 could influence cardiac rhythm by directian on the heart (Defence Science and
Technology Laboratory2005).

The Joint NorLethal Weapons Human Effects Center of Excellence published a
report on human effectiveness and risk characterization for TASER ECDs by
extrapolating data from animal stedito human threshold3he researchers could not
say what specific anatomical featuresch as body faskin thicknessdistance from the
skin surface to the headr heart sizewere responsible for changes in cardiac effects
from the electromagnetiocapacitation chargso the degree of correlation among those
parameters in human populations was not evaluated. Based on the paadl/sis
assuming that the TASER probe hit the target and established a circuit that crossed the
heart the VF thresholdrelative to the X26 outputould be calculated from the dese

response curves for normal persons without potentially sensitizing conditions. Based on
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threshold estimatethe researchers concluded tHat large children and adulteven

those who wersensitive responderthe risk of inducing/F was very small.

Consequentlya large safety margin existed. For examitie VF threshold for a 40

pound child was 3.5 times greater than the normal X26 operating output. The threshold
for a 200pound perso was 19 times greater than the normal operating output for the
typical person and 11 times greater for a person in sensitive populations, @aier

2005).

Sun et al. (2005) constructed a simple axisymmetric finite element method model
to calculate ad estimate current density around a TASER probe. Knowing the rheobasic
current density and time constant necessanydoceVF, they calculated the charge
density of the M26 anthe X26. Thustheycould calculate the current density at any
location onthe body for any current value inserted into the TASER probey The
determined that the minimum prebeheart distancerequired to induc®F in humans
was 7mm for the X26and 6mm for the M26.

Kroll, Sweeneyand Swerdlow (2006) calculated theoretsafety thresholds of
newgeneration TASER ECDs. The minimum current for stimulafingmotor neurons
is approximately one amp with a chronaxie of 80 For cardiac stimulus at one amp
the chronaxie is three to fivasfor transcutaneous stimulatiomhich is 50 times longer
than the standard TASER pulsBecause thieart is located deep within the torso
transcutaneous pulses delivered through large aptesterior electrodes for optimal
cardiac stimulationpsuch as an external defibrillataieliver only four percent of their
current through the heart. n326 delivers a much smaller fraction through small probe

electrodes used for skeletal muscular incapacitation when positioned on the same side of
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the abdomeythorax or lower extremities. Matimeatical computations of the strength
duration relationship demonstrate that the i8pulse length of the TASER pseudo
monophasic waveform is insufficient to pace the heart by a 3:1 safety reamgmifthe
charge idelivered through large electrodgstimally placed for cardiac stimulation.

The ratio between the current required to pace the heart and that required to
induce fataMF depends on the duration of stimulation and pulse repetitionratfen
published animal studie# is betweerfour and six to one meaning it takes four to six
times more current to caus& than is required tpace the heartCombining the
theoretical 3:1 safety margin from the strendthiation analysis with an average 5:1
estimate for th@acingto-fibrillation thredold produces a theoretical estimate of a 15:1
safety margineven if X26 pulses are delivered through electrodes optimized for cardiac
stimulation.

Electroporationan opening of pores in cellular membranes caused by electrical
stimulation results in darage to tissue and increases the conductivity of that tissue
which could decrease the safety thresholds of TASER ECDsstructing worstase
assumptions for TASER electrode penetration and separBtmescuKroll, Efimov,
and Sweenef2006) used comyer modeling to analyze skeletal muscle and motor nerve
activation cell electroporatiopand current and electric field distributions through skin
fat and muscle layersThe analysis predicted worsase current density and field
strength values highénan thresholds required for neuromuscular activation but
significantly lower than levels needed for permanent cellular electroporation or tissue

damage.
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Stratbuckeret al. (2006) analyzed strengtlration thresholds for myocyte
excitation and/F inducion with worstcase TASER electrode placemeifithe models
predicted maximum TASER current density of Oi2&/cn’ in the heart. The
researchers determined that numerically simulated heart current density was about half
the threshold for myocyte excitatiamd more than 500 timéise current wasequiredto
induce VF.

Combiningdata from swine model studies on prdbéeart distanceand data on
TASER probe location studig#/ebsteret al. (2006) calculated the probability of a
TASER ECD directly triggeng VF. They concluded that the probability of a probe
landing on the body within or@r? over the ventricle and causiiF was about
0.0001720r 172 perd,000000 applications.

Holden SheridanCoffey, Scaramuzzaand Diamantopoulo®007) used a
numertcal phantom constructed from medical images of the human body in which the
material properties of the tissues are represdntddtermine tharrhythmogenic
potential of the M26 and X26 waveform€omputational electromagnetic modeling
predicedthe curents arising at the heart following application of the waveforms at the
anterior surface of the chest with one TASERBbedirectly overlying the ventricles.

The modeling indicated that the peak absolute current densities at the ventricles were
0.66mA/mny for the M26 waveform and 0.ThA/mny for the X26 waveform.

During the Fwave they applied those current densities and waveforms to the
ventricular epicardial surface of guinpay isolated hearts. They observedeotopic
beats olVF with a standard dcharge The M26 and X26 waveforms induced ectopic

beatsonly at current densities greater thanféldl those predicted by the computer
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modeling. When applied to the ventricles in trains designed to mimic the discharge
patterns oECDs neither waveforninducedVF at peak currents. Currents greater than
70-fold for the M26 waveform and greater than ZdM@l for the X26 waveform were
needed to induc¥F.

Sun (2007) estimatithe VF probability and motor nerve stimulation caused by
an X26 given data fromwine probeto-heart studigganinimum human skito-heart
distancesandfield useprobe landing statistics. The estimated mean of the probability of
humanVF was 0.00080or eight in 10,000ysing resecte(surgically removedghest wall
swine study dataral 0.0000150r 15 in 1,000,00Qysing blunt probe swine study data.
The dangerous radius had a mean on7m®with a maximum of 53.2nmindicating that
the probe landing in a small frontal region over the heart was a necdagargt
sufficient condiion for the X26 tanduceVF.

Panescu (2007) estimdtthe current flow and effects 826 and X26waveform
discharges on the human bodsnergy values for muscle regi®weresignificantly
higher than neuromuscular activation thresholds. Even with ralistically thin layer
of fat and worstase skeletal musglmaximum values for current densities and electric
field strengths were lowgby at least a factor afeventhan levels reported to produce
permanent cellular electroporation or tissue damageen with an unrealistically thin
layer of fat and worstase skeletal musglmaximum values for current densities that
reach into deeper layers of tissue were insufficient to trigger

Using the fundamental law of electrostimulation and experimdatalfrom the
available literatureldeker and Dosdall (2007) calculated the likelihood that the X26

couldinduceVF either immediately or sometime after its use. The researchers reasoned
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that because of the short duration of TASER pul#@slong chranaxie ofcardiac ceh,
the small fraction of current from electrodes on the body surface that passes through the
heart and the resultant high pacing threshold from the body sytfaeéundamental law
of electrostimulation predicted that TASER pulsesildanot stimulate an ectopic beat in
the large majority of normal adults. They argued since the immediate initiatifiof
a normal heart requires a very premature stimulated ectopic beat and the threshold for
such premature beats is higher than lesspture beats was unlikely that TASER
pulses could immediately initiakéF in such individuals through the direct effect of the
electric field generated through the heart by the TARE®. In the absence of
preexisting heart disegdbe delayed devepment ofVF required the electrical stimuli to
cause electroporation or myocardial necrosis. Howdverelectrical thresholds for
electroporation and necrosis are many times higher than that required to stimulate an
ectopic beat. Thereforthey concluded it is highly unlikely that the X26 could cause
VF minutes to hours after its use through direct cardiac effects of the electric field.

PanescpKroll, and Stratbucker (2008)sing finite element modeldetermined
that skin fat, and anisotropic sketal muscle layers shunt a large portion of currents
allowing just a fraction of the energy to penetrate into deeper layers of tiElseng.
calculated that the theoretical probability of inducufgwas lower than 0.0000008r
approximately0.8 per1,000,000applications They notegdfor comparisonthat
international safety standards for electrical medical equipment accept a VF induction
probability rate of 0.002r oneper500uses

PanescpKroll, and Stratbucker (2009)pted that concerns had beaised about

theuse of TASER ECDs in-Boint deploymentwith two drivestun electrodes on a
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suspeds back and a probe electrode lodged into the suspgwest. They constructed
finite element models to approximate current density in the f@asorg-casethree
point probe placement. The models analyzed stredgthtion thresholds for myocyte
excitation and VF inductioandestimated that maximum current densities in the heart
and in neighboring organs were at safe levels. When they compidureg point
deployment mode to probe mode deploym#rg margins of safety for thtereepoint
deployment were estimated to be as high as or higher than therpooleedeployment.
The researchers concluded that their numerical modeling estimated that EASERN
drive-stun probemode or threepoint deploymenttad high theoretically approximated
safety margins for cardiac captuxé, and skeletal muscle damage by electroporation.

Kroll, PanescuBrewer, Lakkireddy, andGraham(2009) reviewecatightpeer
reviewed papers studying the application of chest exposures fré@6ain which the
heart was in the current path between the barbs. These studies reported 117 chest
exposures in 81 swine weighing between 22 and 117 kilograms. There were three
inductiors of VF in 56 swine that weighed fewer than 37 kilograng there were no
reports ofVF in swine weighing more than 37 kilograms. Scaling the weights using
classical data ratipghe researchers determined that the maximum human weight at
which VF was ikely was 13.3 kilogramor approximately 29.3 pounds (confidence
interval 15.6 to 46.6 pounds). They predicted the probability 26 causing/F in a
human weighing 91 kilograms (200 poundghich is the mean weight of reporteEdDS
deathsto be 00000000000034or 3.4per1,000,000,000000applications.

Sun HaemmerichRahkq and Webste(2010) estimated the order of probability

for TASER ECDs directly causing human VF by using: (1) current densities near the
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human heart estimated by using 3Dtkrelement models; (2) prior data of the maximum
probeto-heart distances that caused VF in pigs; (3) minimumskheart distances
measured in erect humans by echocardiography; amiqd¢landing distribution
estimated from police reports. They psted the mean probability of human VF was
0.00Xone in 1,000jor data from pigs having a chest wall resected to the ribs and
0.0000066 in 1,000,000jor data from a pig with no resection when inserting a blunt
probe. The VF probability for a given jr@ location decreased with the prdabeheart
horizontal distance (radius) on the skin surfatbey argued that there was very strong
evidence against the hypothesis that VF probability was zero.

Leitgeh Niedermayr Loos and Neubaue2011) estimated W risk of TASER
pulses based on sophisticated numerical modeling of cardiac cells and human anatomy
which allowed studying myocardial reaction to short TASER pulses. They argued that
the overall risk was very lovbut that it was implausible that thekiwas as low as the
0.00000040.8 in 1,000,000)isk that Panescet al. (2009had estimated. Due to the
small risk and its dependence on various additional factors such as positioning of the
electrodes and individual anatontlyey argued that experimis with such small
numbers could not lead to consistent results.

See Table BComputer and Mathematical Modglsr a synopsis 016 computer
modeling and mathematical computation studies.

Human Model Experiments

Although animal studies have produced evice of potentially fatal cardiac
effects in pigs, no human model experiment has produced evidence of VT or VF. In only

one experiment did researchers observe evidence of potential cardiac capture. That
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Table 6. Computer and Mathematical Models

Scaramuzza, and Diamantopoul
(2007)

Author(s) Model Finding
Defence Science and Technology =~ Computer Unlikely that discharges from the M26
Laboratory (2005) and the X26 can influence cardiac
rhythm by direct action
Maier, Nance, Price, Sherry, Reilly, Mathematical VF threshold for 4@pound child 3.5x
Klauenberg, and Drummond standard current of X26, for 200
(2005) pound person 19x standard current,
11x for highrisk population
Sun, Wu, Abdallah, and Webster Mathematical Minimum probeto-heart distances to
(2005) induce VF in humans 6 mm for the
M26, 7 mm for the X26
Kroll, Sweeney, and Swerdlow (200€ Mathematical Theoretical estimate of a 15:1 safety
margin
Panescu, Kroll, Efimov, and Sweene Computer Current density and fieldtrength values
(2006) significantly lower than levels neede
for tissue damage or electroporation
Stratbucker, Kroll, McDaniel, and Computer Heart current density more than 500 ti
Panescu (2006) lower than the threshold for inducingll
VF
Webster, Will, Si Mathematical Probabilityof inducing VF about 72 x
Huebner, and Rahko (2006) 10*
Holden, Sheridan, Coffey, Computer Currents greater than 70x standard cur

for M26 and greater than 240x
standard current for X26 needed to
induce VF

Ideker and Dosdall (2007)

Mathematical

Highly unlikely that X26 could induce
VF minutes to hours after its use
through direct cardiac effects

Neubauer (2011)

Panescu (2007) Computer Current density and electric field streng||
lower by a factor of 7 than levels
needed for tissue damage or
electroporédon

Sun (2007) Computer Probability of human VF betweéhx 10*
and 15x 10°

Panescu, Kroll, and Stratbucker Mathematical Theoretical probability of inducing VF

(2008) less thar8 x 10’
Kroll, Panescu, Brewer, Lakkireddy, Mathemaical Probability of inducing/F in 200-pound
andGraham (2009) human approximatel$.4 x 10"
Panescu, Kroll, and Stratbucker Mathematical Safety margin for goint deployment as
(2009) high as or higher than prolmeode
deployment
Sun,Haemmerich, Rahko, and Mathematical Probability of X26 inducing VF in huma
Webster(2010) betweeri x 10° and6 x 10°
Leitgeb, Niedermayr, Loos, and Mathematical Probability of X26 inducing VF low, but

not as low as Panescu, et al. estima
of 8 x 10’ |

experiment wasanducted with a new model ECD that was under development but not

yet in production (Ho, Dawes, Reard@&trote, Kunz, Nelson, Lundin, Orozco, and
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Miner, 2011). Some researchers, however, have criticized human experiments for not
reflecting real world contons (Strote and Hutson, 2009).

Researchers at the University of Californi&an Diego conducted a series of four
experiments on law enforcement officers undergoing training on the use of TASER
ECDs. The first experiment was a prospective pilot stadyvaluate cardiac changes
usingthreelead ECG monitoring immediately before, during, and after application of an
X26. The researchers collected data on 20 volunteer subjects. The mean shock duration
was 2.4 secondwvith a range of 1.2 tbve seconds.Other than sinus tachycardthe
researchers observed no arrhythmias. There was no change in morpQ&t&gy
duration or QT interval between the before and after dathough there was a decrease
in the PR interval. The mean heart rate increasd#P8. The researchers concluded in
this pilot study that ther@ere no significant cardiacréwythmias in healthy subjects
immediately after receivingaX26 discharggLevine Sloane Chan Vilke, and
Dunford 2005).

The second study was a prospecsgly again performed witlaw enforcement
officers receiving training on the X26. The officers had contindT& monitoring
immediately beforeduring and after thepplicationof the X26 to determine changes in
cardiac raterhythm and morphology. Theesearchers enrolled 76 subjecige of
whom they later excluded because of equipment malfunckonthe remaining 67
subjectsthe mean shock duration was 2.2 secowith a range of 0.9 tbve seconds.

The researchers found that the mean heatribereased 19.BPM, but they observed no
significant changes in the QRS morphology or any abebeats. They did find one

subject who had a single premature ventricular contraction before and after the TASER
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shock but no other subject had any otlamhythmia except sinus tachycardizeyine,
Sloane Chan Vilke, and Dunforgd20063.

In the third studythe researchers enrolled 58 law enforcement officers who were
receiving training on the use of the X26. Researchers later excluded nine subjects
beause of ECG lead displacement duringdpelication In the remaining 49 subjects
the mean shock duration was 2.3 seconith a range of 1.2 tbve seconds. The
subjects displayed an increase in mean heart rate BIPRA) but there were no
significant changes in PRIRS or QT intervals. One subject had rare unifocal
premature ventricular contractions pamd posidischargebut the researchers found no
other arhythmias except sinus tachycardizyine Sloane Chan Vilke, and Dunford
2006).

In the fourth experimentesearchers enrolled 115 law enforcement officers in
training on the use of the X26. They later excluded 10 subjects &eGdeads
becoming dislodged during the application. The average shock duratidhreas
secondswith arange of 0.9 tdive seconds. The studycluded evaluation of cardiac
rate rhythm, morphology interval durationand the presence of ectopic beats. Four
researchers independently conducted blinded analyses of the tracings. They found a
significant ircrease in heart ratbut they identified no cardiac rhythm disturbances or
morphologies except for a few subjects who appeared to have prolQiggthngesthe
significance of which was unclear (Levijrf&oane Chan Dunford, and Vilke 2007).

Barnes Winslow, Alson, Johnsonand Bozemaii2006) sought to determine
cardiac rhythm effects fromMASER ECDexposure antb evaluate those effects for

potential dose response relationshipsluding change in heart ratdéythm and
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morphology. Twentynine polie officers who were participating in training and testing
underwent onsecondthreesecondand fivesecond exposures with continudeSG
monitoring beforeduring and after exposure. The researchers measured blood pressure
at rest before and approxately one minute after exposure. They analfz€gs to
determine heart ratenythm and morphologysingstatistical analysis to evaluate
differences in the measured parametdiseyobservedhormal sinus rhythm or sinus
tachycardia before and aftercbaexposurgbut they observed no cardiaalythmias.
The electrical interference that the ECD produced usually obscured cardiac rhythms
during exposurgbut researchers were able to discern an underlying sinus rhythm in some
cases. Although the shogasoduced statistically significant increaseseart ratethey
produced no ahythmias and researchers observed no dose response relationship.

Ho, Luceri, Lakkireddy and Dawe£2006)examinedvhether human exposure to
a standard TASERCD caused deteable changes in 12adECGs. The researchers
enrolled 32 volunteer subjects to undergo a-figeond application with deployed probes
from approximately seven feet usingtandard<26. The researchers performed serial
ECGs on all subjects immediateletore and immediately after TASER exposaed
again at 16 and 24 hours after exposure. A blinded cardiologist interpretieG@se At
baseling30 of the 3ZECGs were normal. The two abnormtiaCGs remained unchanged
at all fourevaluations The resarchers noted no othBICG abnormalities and detted
no changes from baseline.

Barnes Winslow, JohnsonAlson, Phillips, and Baeman(2007) enrolled 28
volunteers to undergo orsecongthreesecondand fivesecond exposures to X26

while perforning continuousE CG monitoring beforeduring and after each exposure.
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They analyzed thECGs to determine heart ratdythm, and morphologyand they
measured blood pressure at rest before and approximately one minute after the initial
exposure. They recoed normal sinus rhythm or sinus tachycardia before and after each
exposurebut theyobserved no cardiacraythmias. Mean heart rate increased in each
test groupand heart rate tended to increase with longer duration of TASER exposure.
Mean blood presse increased after the standard fsezond X26 discharge. The
researcherebservedhat the TASER shocks did produce a statistically significant
increase in heart ratbutthey observedo detectable dnythmiasand nodose response
relationship.

Vilke, Sloane Bouton Kolkhorst Levine, Neuman Castillo, and Char{2007)
took baseline cardiovascular measurements and blood samples from 8 volunteers. The
test subjects then exercised to 85 percent of maximum heart rate. Researchers took a
second set oflbod samples when subjects reached the predicted heart rate. The subjects
then received a fiveecond TASER ECD exposure. The researchers rechecked blood
samples at ond.0, 30, and 60 minutes postischarge.Theymeasured cardiovascular
markersincluding systolic and diastolic blood pressures and heartatfiee, 15, 30,
45, and 60 minutes posixposure. From a slightly elevated baseline prior to exposure
systolic blood pressure and heart rate decreased linearbgxmsise through the
observabn period. Oxygen levels never dropped below 96 percent for any measure
interval. The researchers noted that no changes were clinically significant.

Vilke, Sloang Leving Neuman Castillo, and Char(2008) monitore®2 subject$
baseline 12ead ECGimmediately before and within one minute after a TASER

discharge and examined changes in cardiac rhytiorphology and interval duration.
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All subjects had an interpretable-lEad ECG obtained before and after the TASER ECD

activation although one subjés postexposure pulse rate interval could not be

determined. There were significant changes in heartpalge rate intervabndQT

interval among subjects with a normal body mass inaed in pulse rate interval among

those who were overweight obese. Howevethe researchers noted that none of the

statistically significant differences between ECG measuesxlinically relevant.
BozemanBarnes Winslow, JohnsonPhillips, and Alson(2009) enrolled 28

volunteer police officers who were partiai;ng in TASER ECD training to undergo ene

secondthreesecondor five-second discharges. The researchers continuously monitored

ECGs beforeduring and after each of 84 exposures. They also measured blood pressures

at rest before and within one minuateexposure.ECD exmsure produced no detectable

arhythmias although it did produce statisticallysignificant increase in heart rate.
VanMeenenCherniack Bergen GleasonTeichmanand Servatiug2010)

conducted experimentgith 118law enforcementraineesvho received shocks frorma

X26 for up to 5 seconds. Of the participaid9 received the fufive-second

application one received #our-second dischargsix receivedhreesecondsand two

receivedwo seconds. Thealso varied the methaaf transmission: 66 participants

received the discharge through prolzesl 52 received the discharge through alligator

clips applied to clothing. Although the location variall exposures took place on the

back of the body.The researchers observeaal evidence of cardiac or skeletal muscle

breakdown. Exposure did not adversely affect ECG morphology obtained 24 hours after

exposure in 99 trainees. For two trainees with preexisting ECG abnormal@iés

morphology differed in the po&CD samples. Mety-two participants had normal ECG
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recordings preandpostexposureand 9 participants showed ECG abnormalities anel
postexposure. The average PR intey @RS interval QT interval and axis deviations
had no significant mean changes 24 houtesr &xposure. Additionallyhere was no
evidence of cardiac cell deadnd troponin | was undetectapte less than 0.hanogram
per milliliter (ng/mL). Exposure to the X26 did not affect cardiac and muscle enzymes or
measures on the metabolic panel.

Ho, Dawes HeegaardCalking Moscatj and Miner(2011) obtained baseline
ECGs from 25 volunteers then put those volunteers through a regimen of timeagppush
and a sprint on a treadmill until subjective exhaustion to simulate the physical exertion
oftenseen in subjects prior to ECD application in the field. The volunteers then received
a continuous 15second application froomaxX26 at random positions of the electrodes on
their thoraceseither both electrodes in front or both in back. Electrode pasiti
involved at least a Xihch spread and always encompassed the normal anatomic position
of the heart. Following the exposuresearchers obtained an ECG that was interpreted
by a blinded cardiologist. The researchers found ¢hdtaseling24 of the 25 ECGs
were normal. One baseline ECG was abnormal due to several monomorphic premature
ventricular complexesThe cardiologist interpreted all Z5CGs as normal.

Researclnad demonstrated thtite application of a TASER ECé&buld cause
cardiac capturen pigs butno onehad observed tpphenomenon in humansio,
ReardonDawes Johnsonand Miner (2007ppined that exposures due to artifact
interference between the ECD probe and the ECG electrodes prenesgactherfom
observing cardiac effectiuring the discharge in humans and could obs@akime

cardiac effectsso theyexamined realime cardiac rate measurement using cardiac
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ultrasound technology. Thirseven adult volunteers underwent echocardiography
before and after an anaerobic i@ regimen immediately followed by a-s&cond
exposure with prplaced thoracic electrodes. They also performed limiteetiraal
echocardiography during the application. An emergency physician trained in
ultrasonography analyzed the images for eaweeof tachyarrhythmiandobserved no
adverse events. The mean heart rate prior to starting the event increased immediately
following exercise. During exposyttie mean heart rate increased slightly but dropped
one minute after exposure. Sinus rhytas clearly demonstrated in 18 subjects during
exposurebut sinus rhythm was not clearly demonstrated in 19 subjects due to movement
artifact. Howeverheart rate was never greater than B®®/ in any of the subjects.

Dawes Ho, Reardonand Miner (2010feployed TASER probes from seven feet
into the chests denvolunteerhumansubjects. They had modified tB€D to discharge
the probes but not to deliver a shock. After they had positioned the voluheser
connected the original cartridge to a stard X26 and subjected each volunteer to a
standard fivesecond discharge. A physician expert in ultrasonograghgninedan
electrocardiographiciew to determine heart rhythm befodeiring and after the
discharge. One subject moved during the apiptinaso the result for that one volunteer
was inconclusive. For the other nine voluntetirs researchers observed normal sinus
rhythm and there was no evidence of cardiac capture

Ho, Dawes ReardonLapine Dolan Lundin, and Miner(2008) enrolled 34
volunteer subjects to undergo limited echocardiography hefarag and after den
second application onaX26 with preplaced electrod@sthe upper right sternal border

and the cardiac apex. Sinus rhythm was clearly demonstrated in 21 subjigfs dur
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exposure. Rhythm was not clearly demonstrated in the other subjects due to artifact
movementbut the researchers observed no adverse cardiac events.

Ho, Dawes ReardonLapine Olsen Lundin, and Miner(2008)enrolled 44 adult
volunteer subjects tongdlergo limited echocardiography befodering and after a 15
second application frormax26 with preplaced electrodes. Researchers placed the
electrodes in a cardiac axis position at the upper left or right sternal border and the
estimated cardiac apeXAn emergency physician train@dultrasonography analyzede
images for evidence of arrhythmia. The mean heart rate prior to starting the event was
105.6 BPM. During exposurthe mean heart rate was 123.3 BBé&treasing t83.9
BPM one minute afteexposure. Researchers clearly observed sinus rhythm in 28
subjects during exposure. They did not clearly observe sinus rhythm in 16 subjects due
to movement artifact. They observed no adverse cardiac eardtthg were unable to
reproduce the tachyadiathat other researchers had found in animal models.

Ho, Dawes ReardonMoscatj Gardneyand Miner(2008) enrolled 21aw
enforcement officers and physicians who were attending training in the use of TASER
ECDsto undergo exposures in drive stun méen an X26. Thevolunteergeceived
two five-secondapplications with a onreecond rest period between shocks while
receiving either limited cardiac or righemidiaphragm ultrasonography. Ten subjects
had cardiac viewsand 11 had diaphragm views. Alpplications were delivered either to
the trapezius or to lower extremities. The researchers observed that all cardiac rhythms
were normal sinus rhythms throughout the observation period.

In a book chapter on the effects of TASER ECRsardon (2009) repted on

two previously unpublished studies of echocardiographic monitoring of human subjects
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during exposures. In the first stydgsearchers enlisted 12 volunteers to be exposed to a
standardive-secondexposure. A physician sonographer obtainediatedpreted views
of the heart in real time during the exposures. In ten volunteersardiac rhythm and
gross left ventricular functions were unchanged. Movement in two subjects made it
impossible to obtain echocardiographic images.

In the second stly, researchers enlisted the assistance of 60 volunteers and
subjected each totan-second exposure froorm&26. A physician sonographer obtained
a view of the heart during exposure and digitally recorded the images for later evaluation.
Several blindeaardiologists later read the images. Although the left ventricle was
clearly visualized in all casgthe cardiologis@@interpretations were inconsisteatven
when the same images were shown to the same cardiologists twice. In about 90 percent
of thesubjectsthe left ventricle was judged to be grossly normal. In the demer
percentthe quality of the images was not adequate to judge ventricular function.
Neverthelessn neither study did researchers observe evidence of cardiac capture or
tachyarhythmia.

Ho, Dawes ReardonStrote Kunz, Nelson Lundin, Orozcq andMiner (2011)
enlisted 45 volunteers in training courses to receive a probe deployment to the frontal
torso in one of three configurations: twibree or four embedded probes. Thdwaeers
then experiencedtansecond exposure. Researchers recorded vital, §§Gs and
serum troponin | valudsefore and after exposur@hey also used retime
echocardiography befgrduring and after the exposure to evaluate heart rate and
rhythm. Initially, theyused a version of an ECD that was in the final stages of

manufacturer verificatiothatwasnot ye released.During an exposure with two prohes
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researchers observed an apparent brief episode of cardiac capture in one subyect. The
immediately halted testing and notified the manufacturer. The manufacturer redesigned
the ECIO and researchers continued the study using the newer versitirvolunteers

They dyserved no evidence of cardiac captamdno changes in ECG morphology o
troponin |.

Researchers questionethietherthe current from a TASER ECé&buldresult in
myocardial injurywithout beingobserved on ECGs or echocardiography. Sgxtylaw
enforcement officers receiving training in the use of the X26 volunteered talsivgle
serum troponin | measuraik hours aftetheyreceived a discharge as part of their
training. Troponin | values for all subjects were less than 0.2In¢grpositive assay
beingdefined as greater than 0.2 ng/nindicating no myocardial necrgs(Sloane
Vilke, Chan Leving and Dunford2007; SloanChan Levine Dunford Neumanand
Vilke, 2008.

Ho, Dawes Cole, and Miner(2008) enlisted four volunteers to experieace
exposure to the civilian model TASER ECie C2. Three volunteers expenceda 26
second dischargand one volunteer experiemca 33second discharge to the thorax.
Researchers drew venous blood befonenediately afterand 24 hours postischarge to
analyze biomarkers of acidosis and cellular damage they recordeBCGs before and
after exposure. They observed no significant change€®s or troponin levels.

Dawes Ho, ReardonSweeneyand Miner (2010) enrolled 16 volunteers and
exposed them to multiple simultaneous fserond discharges to the chésick chest
abdomenpand thighs. Theanalyzed blood samples for troponin | before and 24 hours

after discharge. They had a blinded cardiologist interpret ECGs they recorded before and
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during discharge. They also had a physicrmo was an expert in ultrasography read
echocardiograms in real time during discharge on six of the volunteers. The researchers
found that troponin | levels were within normal ranges at all times. ECG changes
reflected only increases in vagal tomdnich are impulses from the vagnerve that

influence heartbeatln four of the six subjects who had echocardiograhes
echocardiographer observed normal sinus rhythm during discharge.

Previous studieshowed site sensitivity of cardiac capture in pigs depending on
the location of tb TASER probes and their distance from the heart. Human studies had
notdemonstratedny inducedrrhythmias however it was unclear whether previous
investigators had placed the electrodes at the most vulnerable regions of the chest.
BashianWagner Wallick, and Tchou (2007) analyzed 45 cardiac computed tomography
(CT) scans from randomly selected patig¢ntdetermine the minimuskin-to-heart
distance and the location of that point ondhest surface relative to anatomic landmarks
specifically thehorizontal distancBom mid sternum and vertical distance from sternal
insertion of the lowest left ribThey found thatminimumskin-to-heart distances ranged
from 1.8 cm to 6.4 cm. The minimwskin-to-heart distance was 2.5 cm to the left of mid
stenum and 0.5 cm inferido the lowest left rib sternal insertion. The area of
myocardial contact with the anterior chest wall averaged 3laothwas unrelated to
body mass index. They noted that there was a linear relatidretiipen body mass
index ad minimumskinto-heart distances. They concluded that the size of a person and
the anatomicelationship of the heart to the anterior chest wall could influthece

potential cardiac capture BCDsat the site of minimurakin-to-heart distance.
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Rahko (D08) noted that data from a swine model experiment suggested that a
TASER probe placed within 17 mm of the epicardial surface could cause VF (Webster
al., 2006). He performed twdimensional echocardiograms in 150 standing adults in
three views and nasured the shortest linear skoheart distance in each view. He
found that six percent of the individuals had a gkhfheart distance less than or equal to
17 mm. The skitto-heart distance was significantly correlated with body mass index.
He concuded that a TASER probe penetrating the skin directly over the heart might put
some individuals at risk forF.

Swerdlow Kroll, Williams, Biria, Lakkireddy, and Tchoy2008) requested
autopsy records faudden deaths following the use of TASER E@m 2001 to 2006.
Cases fothis study includednly incidentswhenthe decedent collapsed within 15
minutes of discharge and records indicated a rhythm diagnosis by a physacanedic
or automatic external defibrillator (AED). They classified rhythmalywed by AEDs as
fino shock advisaas asystole dPEA. They classified rhythms analyzed by AEDs as
fishock advisedlas eitheNT or VF.

Of 188 reports37 fulfilled the study criteria. Decedents were mostly male (95
percent) and 36 years of agetényears). The time from discharge to collapse was less
thanoneminute in 11 decedentsneto five minutes in 14 deceden@ndsix to 15
minutes in 12 decedents. Overdlle presenting rhythm was PEA or a bradyarrhythmia
in 84 percentsinus rhythm in 1 percentand VT or VF in fivepercent. The two
decedents wih VT or VF collapsed within onminute of TASER discharge. The
researchers concluded that the majority of rhythms recorded in swddérdial death

after application of a TASEECD were PEAor bradyarrhythmia. They opined that their
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findings did not support electrically induced VT or VF as the primary mechahigm
they are consistent with metaboliespiratoryand/or toxic effects.
Conducting a retrospective review of TASER ECD assatiatatraumatic
deaths from 2001 to 2008werdlow Fishbein ChamanLakkireddy, and Tchou (2009)
examined the cases of 56 subjects who collapsed within 15 minutes of ECD discharge
and analyzed the first reported cardiac arrest rnythm. The rhythm wiasfMi
subjects and bradyrhythma, asystoleor PEA in 52 subjects. None of eight subjects
who collapsed during electrocardiograph monitoring had VF. Only one subject collapsed
immediately after ECD discharge. That one death was the only one dhat ha
characteristics typical of electrically induced VF. The time from collapse to first
recorded rhythm was less thiiwe minutes for 43 subjects. The researchers concluded
that following ECD dischargammediate collapse was unusuahd VF was an
uncommon presenting rhythm. Within the limitations of the sfutlgy argued thaheir
data did not support electrically induced VF as a common mechanism of sudden deaths.
BozemanTeacherand Winslow (2012jeviewed a database of consecutive
TASER ECD useagainst criminal suspects from six sites. The case reports contained
demographic informatigrECD deployment detailsliagrans showing probe impact
locations and injuries. Three investigators independently reviewed the case reports to
identify incidentswith paired anterior thoracic probe sites tbaild potentially produe
transcardiac discharg®f 1,201 cases studied79included probe deployments withet
potential for transcardiac dischargehich represented 14.9 percent of all TASER ECD

uses ad 22.0 percent of uses in probe mode. They found no report of immediate fatal
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collapse and rone of the useesulted in immediate collapse that would suggest cardiac
arhythmia.

Case study reportsmavesuggestdtemporal correlation between the use ofisC
and adverse cardiac effects. In a letter to the editor démeEngland Journal of
Medicine Kim and Franklin (2005) described a case history report wherein oftisecs
aTASER ECDto subduen adolescent maglesho subsequently collapsed. They
reported that paramedics found the adolescent in VF and began performing
cardiopulmonary resuscitation within two minutes after the collapse. After four shocks
from a defibrillator and administration of epinephriagopine and lidocaingthey
restored a @rfusing rhythm. They reportedlsq that the adolescent made a nearly
complete recovery and was discharged from the hospital several days later.

The letter has received a lot of attention from critics of TASER technology.
However what the letter did ot report was that immediately following the subdual of the
violently resisting adolescergaramedics examined him and found a normal pulse and
respirations. About 14 minutes latdre young man experienced cardiorespiratory
collapse. VF did not occumtil at least 20 minutes following the application of the
shock and after medical interventions including several cardiac shocks and the
administration of atropine and epinephrine (Kr@lalking andLuceri, 2007).

In a case study repoRichardsKleuser, and Kluger (2008) described a
cardioversion of atrial fibrillation to sinus rhythm in a patient after the delivery of a shock
from an X26. The patient had presented to the emergency department in the custody of
police. He had fled from officers anddden in a lake for approximately 40 minutes.

Officers brought him to the hospital because of concern for hypothermia. The initial
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evaluation by the emergency physicians found him to have an irregular pulse rate and a
temperature of 89°F. His toxicologgreen was positive for cocaine and amphetamines.
His ECG showed atrial fibrillatigrwith a rapid ventricular response of 145 BPM. A
cardiology consultant observed the patient to be in atrial fibrillation.

At the conclusion of the cardiologistintervew, the patient became increasingly
agitated. He began ripping off all his monitoring electrodaed he attemptito remove
his intravenous line. He became threatening to the hospital staff and to the police officer
who accompanied him. The policeio#fr delivered one shock witm&26 in drivestun
mode to the left anterior chest. Doctors checked the p@&tipalise and found it to be in a
rapid but regular rhythm. An ECG was performed immediateiych showed the
patient to be in sinus tachycaadapproximately two minutes following the application of
the ECD.

The authors noted that spontaneous cardioversion from atrial fibrillation resulting
f r o-blocker therapy and even the act of voiding has been observed in patients. They
concluded that mvas plausible that the patiémtcardioversion was related to the TASER
ECD dischargeortoh i s t r e a tblookeams,tor togpohtdneobs cardioversion from
increased physical stress when he became combative.

Baldwin, NagarakantiHardy, Jain Borng England Nix, Daniels Abide, and
Glancy(2010) reported a case study of ay&arold man who suffered an acuvé after
officers subdued him with a TASER ECD. The infarction was diagnosed by &G
troponin | levels were elevatgpeaking at 10.73 ng/im Toxicology was negative for
alcohol ordrugs but he did have high blood pressure and high cholesterol levels.

Although the pathogenesis of the injury was uncerthmauthors suggested that
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transient spasm of the right coronary artery followingapplication of the ECD was a
likely explanation.

Naunheim Treasterand Aubin (2010) reported a case study of d&rold man
who was intoxicated and violent. Officers shocked him in the anterior chest with a
TASER ECD. Officers quickly observed tha was cyanotic and apneic. Within four
minutes paramedics arrived and found him in VF. They defibrillated him three times on
the way to the hospital. On arrival at the hospitalwas in VF and his toxicologyas
positivefor cannabis. His alcohdgvel was 235 mg/dL. Following aggressive treatment
and hypothermia theraplge recovered.

In aseriescase history studyipes (2012) reported eight people who suffered
cardiac arrhythmiahortlyfollowing application of a X26. Seven of those cases
resulted in the death of the individyahd one individual survived. All of the individuals
received shocks with probesartranscardiac configuratiorbn autopsypathologists
discovered several victims had structural heart disease and/or had elévatiealdnhol
concentrations. Three toxicology reports were positiveniarjuanaandone was
positive for medications for a seizure disorder. Zipes concluded that the use of a TASER
ECD in the presence of structural heart disease and/or alcohol aitoricnduced VT or
VF. Zipes haseen criticized for his interpretation of the medical evidence (Heegaard
Halperin and Lucerj 2013) his representation of the facts (Ho and Dawé43) and
his characterization of the deceased as clinically healtitike(; Chan and Karch2013).

See Table /Human Model Cardiac Effect Studjésr a synopsis 082 human

model experiments and case studies.
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Table 7. Human Model Cardiac Effect Studies

Author(s) Method Measurement

Levine, Sloane, Chan, Vilke, and Varied duration exposures upto ECG

Dunford (2005) standardive seconds
Barnes, Winslow, Alson, Johnson, and Varied duration exposures upto ECG

Bozeman (2006) standardive seconds
Ho, Luceri, Lakkireddy, and Dawes Standardive-second exposures ECG

(2006)
Levine, Sloane, Chan, Vilke, and Varied duration exposures upto ECG

Dunford (2006a) standardfive seconds
Levine, Sloane, Chan, Vilke, and Varied duration exposures upto ECG

Dunford (2006b)

standardive seconds

Bashian, Wagner, Wallick, and Tchou

Computed tomography

Skin-to-heart distance

(2007)

Levine, Sloane, Chan, Dunford, and  Varied duration exposures upto ECG
Vilke (2007) standardive seconds

Barnes, Winslow, Johnson, Alson, Varied duration exposures upto ECG, BP

Phillips, and Bozeman (2007) standrdfive seconds

Ho, Reardon, Dawes, Johnson, and
Miner (2007)

15-second exposure on exercised Echocardiography
volunteers

Sloane, Vilke, Chan, Levine, and
Dunford (2007)

Standardive-second exposures  Troponin |

Vilke, Sloane, Bouton, Kolkhorst
Levine, Neuman, Castillo, and Cha
(2007)

Standardive-second exposures ol BP, O,
exercised volunteers

Ho, Dawes, Cole, and Miner (2008) 20-second and 38econd ECG,troponin I, and

exposures to C2 acidosis
Ho, Dawes, Reardon, Lapine, Dolan, Tensecond exposures Echocardiography
Lundin, and Miner (2008)
Ho, Dawes, Reardon, Lapine, Olsen, 15-second exposures Echocardiography
Lundin, and Minel(2008)
Ho, Dawes, Reardon, Moscati, Gardne Two five-second drive stun Echocardiogaphy

and Miner (2008) exposures

Rahko (2008) Echocardiography Skinto-heart distance

Swerdlow,Kroll, Williams, Biria,
Lakkireddy, and Tcho(2008)

Autopsy review Presenting cardiac

rhythm

Vilke, Sloane, Levine, Neuman, Castill Standardive-secondexposures 12-lead ECG

and Chan (2008)

BozemanBarnes, Winslow, Johnson,
Phillips, and Alsor{2009)

Multiple varied duration exposure: BP, ECG
up to standarfive seconds

Reardon (2009) Standardive-second exposures  Echocardiography
andten-second exposures

Dawes, Ho, Reardonpd Miner (2010) Standardive-second exposures  Echocardiography

Dawes, Ho, Reardon, Sweeney, and  Multiple simultaneoudive-second Echocardiography,

Miner (2010) exposures ECG, and troponin

VanMeenenCherniack, Bergen,
Gleason, Teichman, and Servatius
(2010)

Varied duration exposures up to
standardive seconds

ECG, troponin |

Ho, Dawes, Heegaard, Calkins, Mosca 15-second exposure on exercised ECG
and Miner (2011) volunteers
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Ho, Dawes, Reardon, Strote, Kunz, Tensecond exposures with two, Echocardiography,
Nelson, Lundin, Orozco, and Miner  three, or four embedded probe = ECG, and troponin

(2011) I
Kim and Franklin (2005) Case study
Richards, Kleuser, and Kluger (2008) Case study
Swerdlow, Fishbein, Chaman, Case stdy
Lakkireddy, and Tchou (2009)
Baldwin, Nagarakanti, Hardy, Jain, Case study

Borne, England, Nix, Daniels,
Abide, and Glancy (2010)

Naunheim, Treaster, and Aubin (2010) Case study

Bozeman, Teacher, and Winslow (201: Case study

Zipes (2012) Case study

Pacemakers and Implaile CardioverteDefibrillators

In seven studies and case reports involving the effect of TASER technology on
pacemakers and ICDs, researchers have found no evidence of damage to those devices.
Additionally, they have found no evidence that a pacemakiZD has delivered
inappropriate therapy following use of a TASER ECD. However, evidence does exist to
suggest that longer than normal discharges of the ECD could result in a therapeutic shock
from an ICD.

Researchers at the Defence Science and Teajpnbbboratory (2003) evaluated
the risk that an M26 posed to people wearing pacemakers or other similar implantable
devices. They noted that at the time of the study there were no reports of people wearing
pacemakers being subjected to the dischargef&SER ECD, and there was little
independent information that dealt directly with the effects of a TASER discharge on the
function of ICDs. The few existing studies showed that there were some effects on the
functionality of the pacemaker, such as reversmfixed asynchronous mode, but the
effect was temporary and ceased when the ECDs were removed. They surmised that the
effects of a TASER discharge on ICDs were likely to be similar to those on cardiac

pacemakers. The nature of the cardiac rhythm sagiptocess, that is two samples
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approximately ten seconds apart, meant that application of a TASER ECD for the
standard five seconds was unlikely to result in inappropriate therapy delivery. They also
noted that the age profile of cardiac pacemaker idip was significantly different from
both the general population and that of persons arrested in situations where an ECD
might be deployed. They determined that the probability of an individual wearing a
pacemaker being present in such a situation ikealy to bemuchlower than the
incidence of pacemakers in the populatihich was approximately 0.45 percent.

Calton CameronMassé and Nanthakumg®2007) noted thadetection of
TASER ECD dischargeby ICDs had been describedut the effects of duten of
TASER discharge and ICD detection and therapy had not been established. The
researchers hypothesized that a longer duration of energy might lead to shocks from the
defibrillator. They tested their hypothesis in a pig implanted with an ICD. They
delivered TASER discharges ffive and 15 seconds across the chesing a M26.5t
When they delivered the discharge fioe secondsthe ICD detected energy as Miut it
delivered no shock. During changi of the capacitorshe ICDconfirmed thathe
episode had terminated. Howemwehen the energy was delivered for 15 secotigs
ICD detected energy as VF and delivered a shock. As the energy contireudevice
redetected VFand even though the energy delivery had stopped during capacitor
charging the ICD delivered a second shock because the device was in committed mode
during the second therapy for VFheyconcluded thatin patients with more recent
devices 15-second shocks could result in ICD discharge. Sedmwhuse most ICDs
werecommitted to deliver a shock after the first VF therapgppropriate shockight

be delivered duringisus rhythm even after energy v8ano longer being delivered.
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Finally, with older ICD models that havanly committed shock delivergven a short
burg of energy delivery could result in inappropriate ICD discharges.

ICDs are known to be susceptible to malfunction from electromagnetic
interferenceso LakkireddyKhasnis Antenaccj Ryshcon Chung Wallick, Kowalewski
Pate] Micochovag Kondur, Vacek Martin, Natale and Tchoy2007) implanted nine
pacemakers and seven ICDs in pigs. They then applied a series of three standard five
second TASER discharges across the generators in tlielpeagts. They observed that
mean pacing thresholgsensing thregholds pacing impedances and defibrillation coill
impedances of the ICD leads were similar before and after the shocks. The devices
aborted shock delivery in all tests as tachycardia detection abruptly terminated at the end
of the fivesecond discharged he researchebservedhat the X26 discharges did not
affect the shorterm functions of implantable pacemakers and defibrillators even when
the TASER probes were glad to sandwich the generator

Khaja GovindarajanMcDaniel and Flake(2008) instdkd pacemakearin four
pigs. They placed the pigs under anesthesia and exposed them to multiple shocks every
three minutes fromraM26, an X26, and another brantame ECD The researchers
recorded intracardiac electrograms continuously during dischaffpestesearchers
noted that th@ulse generator recognized tischargesind sensedt as eithehigh rate
atrial or ventricular activity depending on whiatctor was more in line with the electric
field created by thevo TASERprobes They also notethat the discharges did not
affect the native rhythpdid not conduct down the lead systems to cause extra systoles

and had no effect on paced rhythm.
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Vanga BommanaPhil, Kroll, Swerdlow and Lakkireddy(2009) reviewed the
literature orpacemaker antCD interactions with TASER ECDs and presented six new
case reports. The authors noted that oversensing of TASER ECD discharges might cause
noise reversion pacing in pacemakers and inappropriate detection of VF in ICDs.
However the nominafive-second dicharge of TASER ECDsassufficiently short that
neither clinically significant inhibition of bradyrhythmiapacing nor inappropriate ICD
shocks hd been reportedThe arrent evidence indicatghat ECD dischargesdinot
have adverse effects on pacémers and ICDs.

Using a numerical anatomical modegitgeh Niedermayy Nuebauerand Loos
(2012) constructed three different models of pacemaker patients and numerically inserted
a digital model of a cardiac pacemaker. They calculated intracorporaiceliedt!
distributions for various hits with a commercial software package and ran simulations
with various TASER probe locations. They concluded that evenwasst probe mode
hits of the X26 should not cause damage or persisting malfuncttbe phemakers
However, X26-induced interference voltages are more than two orders of magnitude
above pacemaker sensing levels,dmhce may lead to pacemaker capture effects.
Induced interference Wi cardiac pacemaker functiooudd be expected when applgin
X26 ECDs to the upper part of the badycluding the abdomenvith both frontal and
dorsal hits. Although sensiragsingle pulseshouldhave no major impagctardiac
capture ignorelikely for repeategulse series

Haedli, Sterng Adam and Leathef2006) reported on the first documented case
of a patient with an ICD who had experienced a field application of a TASER ECD. A

51-yearold woman had undergone placement of a siagkember ICD five years earlier.
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Law enforcement officers applied a shdakm an M26 due to the womada violent
behavior. The probes struck her sternand the current was applied for five seconds.
The woman suffered no immediate adverse effects. Two monthsslagrresented for
a regularly scheduled followp. When teleniciansexamined data recordedtime ICD,
the counters revealed one episode of WRich corresponded to the time of the
application of the TASER device.

The initial intervals of the sensed intrinsic ventricular activations wereoi43
ms which coresponded to sinus tachycardia of 18338 BPM. This rhythm was
followed by highfrequencyhigh-amplitude electrical signals with intervals between 138
and275 mswhich corresponded to the time of energy deliveryi®M26. The ICD
interpreted the apode as VFresulting in the capacitor charging for VF therapy. At the
end of the charge phaghe device attempted to reconfirm Miut by that time the
TASER pulses had finishednd the ICD was no longer detecting VF. The energy that
the ECD deliveed did not significantly alter the sinus tachycardia of the patient.
Delivery of the pulses induced neither VT nor VF. Further interrogation of the
defibrillator did not reveal any detrimental alteration in the leads or circuitry.

Cag ShinbaneGillberg, Saxon and Swerdlow2007) describedrex26
application on a person with a pacemaker that demonstrated evidéf€®-aiduced
myocardial capture. During an examinatidoctorsreviewed the recorded datathre
pacemaker in a 58earold man with a duachamber pacemaker. He had received two
shocks from a ECDconsisting of two probes delivered simultaneously. Assessment of
the pacemakés functions demonstrated normal senspaging thresholdsand lead

impedances. Stored event data revealed tglo Yentricular rate episodes that
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corresponded to the time of the application of the TAGE®Ss The report of
ventricular myocardial capture raised the question as to whether theoXRiause
primary myocardial capture or capture only in associatitin @ardiac devices that
provide a preferential pathway of conduction to the myocardium.

Intracardiac elecbgrams from pacemakers and ICDs in human repovis ha
suggested the possibility of rapid myocardial capture. Electromagnetic interference
related ® ECD use was also questioned. Howeaaimal studies had shown no effects
on such devices. In this caseriesanalysis Lakkireddy Biria, Baryun Berenbom
Pimentej Emert Kreighbaum Kroll, and Vermg2008)sought to determine whether
evidence of rjocardial capture was evident in three human cabks.first case was of a
25-yearold male. He was diagnosed with schizophreaia he received a pacemaker
for sick sinus syndrome. His aggressive behavior resulted in officers shocking him on his
cheg three times with a TASER ECDut there waso evidence of electromagnetic
interference behavior or rapid myocardial capture on therefgaims. The second case
was of a 45yearold male with dilated cardiomyopathy who had a dual chamber ICD.

He receved two shocks on his back without any evidence of ICD shoagl

myocardial capture or electromagnetic interference behavior. The third case was of a 56
yearold male with a single chamber ICD for ischemic cardiomyopathy. He received four
TASER shock to the front with no elecigram evidence of ICD shockalectromagnetic
interference behavior or rapid myocardial capture.

Another case study documenteBi@ayearold manwho madea routine clinic visit
without any complaintsAn ICD had been implante@lyears earlier after he presented

with syncope and was found to be inducible for VT. He had a prior Ml and his left
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ventricular ejection fraction was 30 percent. At device interrogation he was found to
have a norsustained arrhythmia detection corresgiog to the time he was arrested in
an intoxicated stateA TASERECD had beemusedduringhis arrest.The electrogram
demonstrated nonphysiologic noise consistent &2 application. Oversensing was
observed on both the atrial and ventricular chmnat ICD confirmation prior to the
shock the TASER ECD was afthus no ICD shock was delivered (Panindiarshall
and Link 2013).

See Table 8Pacemaker and Cardiovereefibrillator Studiesfor a synopsis of
tenpacemaker and ICD experimentsiarase studies.

Respiratory Effects of TASER ECDs

Human model experiments failed to produce evidence of an immediate cardiac effect to
explain arrestelated sudden deaths following the application of TASER ECDs, so
researchers began to explore other fdssnechanisms. While testing for cardiac
effects, researchers had noted that breathing was sometimes interrupted during
application of TASER discharges in swine model experiments. One theory of potentially
harmful effects in humans suggested that elestipulses from the ECD affected the
phrenic nerve, thereby disturbing muscle contractions in the diaphragm and impairing
normal breathing. Resulting hyperventilation could lead to elevated serum ph, known as
alkalosis, and hypoventilation could leaddwered serum ph levels, or acidosis (Dawes,
2009).

Chan,Sloane, Neuman, Levine, Castillo, Vilke, Bouton, and Kolkh@807)
conducted a randomized controlled trial in 28 volunteers who underwent a standard five

second X26 discharge as part of their Envforcement training. The researchers
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Table 8. Pacemaker and CardioverteiDefibrillator Studies

Author(s) Method Result
Defence Science and Technology  Literature review Standardive seconds exposure
Laboratory (2003) unlikely to result in

inappropriag¢ therapy delivery

Calton, Cameron, Massé, and
Nanthakumar (2007)

Swine modelfive- and 15
second exposures

Five-second exposure no shock
but 15second exposure
delivered therapeutic shock

Lakkireddy, Khasnis, Antenacci,
Ryshcon, Chung, Wallick,
Kowalewski, Patel, Micochova,
Kondur, Vacek, Martin, Natale,
and Tchou (2007)

Swine model, three standar
five-second exposures

No damage to devices and
therapeutic shock delivered

Khaja, Govindarajan, McDaniel, and
Flaker (2008)

Swine model, multiple
standad five-second
exposures

Exposures did not affect native
rhythm, didnot cause extra
systoles, and had no effect ot
paced rhythm

Leitgeb, Niedermayr, Nuebauer, and
Loos (2012)

Computer model

X26-induced interference might
lead to pacemaker capture
effects

Haegeli, Sterns, Adam, and Leather Case study Electrogram recorded VF
(2006) corresponding to ECD use

Cao,Shinbane, Gillberg, Saxon, and Case study Electrogram recorded cardiac
Swerdlow(2007) capture corresponding to ECI|

use

Lakkireddy, Biria, BaryunBerenbom, Case study No adverse effects, and no
Pimentei, Emert, Kreighbaum, therapeutic shock delivered ir|
Kroll, and Verma (2008) threecases

Vanga,Bommana, Phil, Kroll, Case study Exposures had no adverse effeq
Swerdlow, and Lakkiredd§2009) on pacemakers and ICD

Paninski, Marshall, and Link (2013) Case study Oversensing observed on atrial

and ventricular channels, but
no therapeutic shock deliverg|

monitored test subjects for tidal volupmespiratory rat¢RR), minute ventilationend

tidal carbon dioxidgCO,), andblood oxygen(O,) saturatiorat baselineduring and at

one ten 30, and 60 minutes after discharge. They also obtained arterialized capillary

samples for pHpartial pressure aixygen(pO,), andpartial pressure afarbon dioide

(pCQO,) at baseline and aing ten, 30, and 60 minutes after discharge. They found that

mean minute ventilatigriidal volume andRR all increased at one minute after discharge

and returned to baseline leveldext 30, and 60 minutes. Mean pH deesed at one

minute and returned to baseline levelteat 30, and 60 minutes. They observed no
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differences irblood O, saturationpO,, endtidal CO,, or pCO, over time and they saw
no evidence of abnormal hypoxemia or hypoventilation.

Ho, Dawes Bultman, Thacker Skinner Bahr, Johnsonand Miner(2007)
subjected 52 volunteers to a-&4&cond application from a TASHECD while those
volunteers were wearing respiratory measurement devidarty-four volunteers
underwent a 155econd continuous exposuaad 18 underwent three fasecond
exposures. The researchers collected common respiratory parameteroefogeand
after exposure. In the continuous application grouping exposurghe baseline mean
tidal volume increased. After exposuttee baseline entidal CO, level decreasednd
the baseline entdal O, level and the baseliRR increased. In the fiveecond burst
group during exposurghe baseline mean tidal volume increased. After expptheae
baseline endidal CO; level deceasedand the baseline eritlal O, level and the
baselineRRincreased. The researchers concluded that prolonged application did not
impair respiratory parameters.

Dawes Ho, Johnsonand Miner(2007) examiredvenous blood gases ahbtbod
chemistresin 18 subjects who weexposed to aéld deployable X26 modified to allow
a 15second discharge. Tyean venoudloodsamples to obtain pHCO,, pO,,
bicarbonatelactate sodium and potassiunmmediately preceding the experiment and
immediately aftethe exposure The respiratory data showed no significant changes
before during or after exposure except for an increasBihduring the exposureBlood
chemistries showed a statistically significant decrease in potaggxii{s and
bicarbonateand astatistically significant increase pO,, and lactate. The data showed

no significant change in pH or sodium pesposure.
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Ho, Lapine Joing Reardonand Dawe£2008) appliedin X26 in drive stun mode
to the trapezis muscleof one volunteer to determe whethethe electric current
travelled to the phrenic nerve resulting in diaphragmatic paralysis or travelled up the
spinal cord to the respiratory center of the brain. The researchers applisé@hd
drive stun while observing the diaphragm throwdfrasonography. They observed no
evidence of paralysis of the diaphragm.

Ho, Dawes ReardonMoscati Gardnerand Miner(2008) enrolled 21 volunteer
law enforcement officerandphysicians who were attending training in the use of
TASERECDsto underg twofive-seconddrive stunapplications with a onsecond rest
period between shockd an X26. All applications were delivered either to the trapezius
muscleor to lower extremities. Tlysobserved the diaphragtinrough ultrasonography
and noted that moved consistent with normal breathing in all subjects.

Dawes Ho, JohnsonLundin, JancharandMiner (2008) noting that previous
studies regarding the possible effects of TASER shocks on breathing involved thoraco
abdominal exposeytested theeffects of exposure transversely across the chesty The
placed one electrode fromm X26 midline about one inch below the sternal notch. They
placed the second electrode about 12 inches below the first and left of midline from one
to seven inches. They measdiRR, tidal volume endtidal CO, and enetidal O, of 15
volunteers and then subjected each volunteer to a continueex@fd dischargelhey
observed that the volunteers experienced an incre&¥e, iminute volumeand end tidal
O,. The volunteerslso experienced a decrease in tidal volume andtetadl CO, during

the exposure. After exposytalal volume and minute ventilation remained elevated.
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Dawes Ho, Orozcq Vogel, Nelson and Miner(2010) tested the X3he latest
generation ECD that halse capability of firing three cartridges in a seamtomatic
mode to determine its metabolineuroendocrineand respiratory effects. A master
instructorappliedan X3 to the anterior thoranf test subjectsvith either one or two
cartridges. Each suigjt received géensecond exposure. Fifthree subjects completed
the study.Researchers reported important changes in vital sigasd no evidence of
impairmentto breathing.

VanMeenenLavietes Cherniack Bergen Teichmanand Servatiug2011)
conducted an experiment on 25 people to determine whether a shockrfdé26 a
impairedthe ability to breathe during exposure. Participants were either equipped with
alligator clips on their clothingr theyreceived an ECD discharge to their back.
Respiraion was measured through changes in flow and temperature continuously for 20
seconds before the exposutaringthe exposurgand for 20 seconds peskposure.
Pulse oximetry was continuously measured during the same perioeteS@if measures
were t&ken immediatelypostexposure Of the 25 people who participatéado were
excluded due to system failures resultingxposure®f less thariwo seconds
Although they were actively trying to breatimeost participants showed an absence of
orderly tidd breathing. Inspiratory flow approached zero during the ECD expasute
expiratory flow severely decreased. Sound recordings indicated that many of the
participants with significant expiratory flow were also vocalizing. Normal breathing
resumed aftethe cessation of the ECD exposure.

See Tabl®, Respiratory Effect Studiefor a synopsis oéighthuman model

respiratory effect studies.
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Table 9. Respiratory Effect Studies

Author(s)

Method

Measured

Chan,Sloane, Neuman, Levine, Castill¢
Vilke, Bouton, and Kolkhorst
(2007)

Standardive-second exposures

Tidal volume, minute
ventilation, RR, end
tidal CG,, O,, pCQ,,
PO,

Ho, Dawes, Bultman, Thackeskinner,
Bahr, Johnson, and Miné2007)

Threefive-second exposures or
one 15second exposure

Tidal volume, endtidal
CO,, endtidal O,, RR

Dawes, Ho, Johnson, and Miner (2007

15-second exposures

pH, pCQG, pG,

Dawes Ho, Johnson, Lundin, Janchar,
andMiner (2008)

Tensecond exposures

RR, tidal volume, end
tidal CO,, endtidal O,

Ho, Dawes, Reardon, Moati, Gardner,

Two standardive-second

No paralysis of

and Miner(2008) exposures diaphragm
Ho, Lapine Joing, Reardon, and Dawey Tensecond drive stun exposures| No paralysis of

(2008) diaphragm
Dawes, Ho, Orozco, Vogel, Nelson, an Tense®nd exposures with X3 No impairment of

Miner (2010) breathing

VanMeenenlavietes, Cherniack,
Bergen, Teichman, and Servatius

(2011)

Standardive-second exposure

Tidal volume, Q

Metabolic Effects of TASER ECDs

Human model experiments with TASER ECDs produced meece of direct

cardiac effects, and the theory of death by direct electrical stimulation failed to explain
collapses that occurred several minutes to several hours after discharge. Researchers
began to explore the possibility that the TASER dischargildead to delayed
cardiovascular collapse by stimulating the neuroendocrine system and producing adverse
metabolic effects. When exposed to TASER ECD dischattgesympathetiadrenal
medulla (SAM) axis and the hypothalanpituitary-adrenal (HPA) axd of the
neuroendocrine systeattivate tacope with the induced stress reaction (Kuamves
and Fischer2012).

The SAM axis causes the brain to send signals to the adrenal,gléands then
release stored epinephrine to initiate the fight or fligeponse. Epinephrine increases

the rate and strength of heart contractjevhich is useful in shoiterm strugglesbut it
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can also cause myocardial ischenaiahythmiashyperthermia and lactic acidosis. The
HPA axis causes the brain to signal theipary glands to releasedhdorphins and
adrenocorticotropic hormone (ACTH)-efdorphins reduce the pain from a figind
ACTH helps to increase blood volume (Dawes and K&il09). The results of
stimulation of the SAMand HPA axs, such as lacticadosis hyperthermiaand
myocardial constriction bandare common in arreselated sudden deaths and in
medical settings where law enforcement personnel are not presenthhitk and
Lynch, 1999).

Animal Model Studies

JauchemSherry Fines and Cak (2006)exposed six anesthetized pigs to
repeated exposures of the X26 for five secofullowed by a fivesecond period of no
exposureontinuously for three minutedn five of the animalsafter a onehour delay
they added a second threenute expsure period. The researchers observed some
similarities in blood sample changes with previous studies of muscular exercise. They
reasoned that problems concerning biological effects of repeated TASER pulse exposures
might be related not directly to tleéectric outpuper se but rather to the resulting
contraction of muscleselated interruption of respiratipand subsequent sequelae.
Transient increases in hematogoibtassiumand sodium were consistent with previous
studies of muscle stimulatiar exercise.

Dennis Valenting Walter, Nagy, Winners Bokhari Wiley, Josephand Roberts
(2007) anesthetized 11 pigs (six experimental and five controls) and exposed the
experimental pigs to two 4€econd discharges across the torso frotr26. The

researchers obtained blood gases and electrolyte levileal5, 30, and 60 minutes and
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24, 48, and 72 hours postischarge. The researchers observed two deaths immediately
after TASER exposure from acute ongét In the surviving animajtshe TASER
discharge affected the adse status at the farainute point and throughout the-60
minute monitoring period. Five minutes palsschargecentral venouserum ph
decreased from baselinBicarbonate levels significantly decreased from basedine
pCQ; increased significantly from baselin®esearchers also observed a significant
increasan lactate. All values returned to normal by 24 hours pdisicharge irthe
surviving animals.

Esquivel and B (2008) performed a controlled hemorrhage on threle swine
to induce tachycardjaypotension and catecholamine release as compensatory
mechanisms. They used one additional animal to study the effects of the stress alone.
They warmed the animals to bring their core temperature to Higf&xposed tha to
discharged$rom an ECD 20 timesat four sets of five exposurgns 30 minutes. They
continuously monitored cardiac and pulmonary parametadsthey collected blood
samples before and after each set of exposures and-abonmtervals for four has.
As expectedthe heart rate remained elevated for the entire study for all animals. The
baseline pHpCO,, and lactate values were within the normal average values previously
reported for swine SerumpH decreased slightly after hemorrhage forrathie exposed
group and all thregpigsin the exposed group became&doticduring the exposures.
Blood lactate increased above normal after the hemorrhage and increased further after
each set of exposures. Compared to a previous study in which thee#oewas
applied on healthyanesthetized swinéhese animals were moaeidoticand had a

greater increase in blood lactate.
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In a previous study of anesthetized swil® repeated exposurem an X26
resulted in acidosis and increases in blood eldes(Jauchemet al, 2006) Jauchem
Cook and Beason (2008) examined the effects of more typical exposures. They exposed
tenswineto three shock&ive seconds of exposure followed by five seconds of no
exposurerepeated three timeand monitord blood factors for three hours following
exposure. They observed transient increases in blood gjlacisee sodium
potassiumcalcium andpCO,. Howeverthey noted that these increases were consistent
with studies of muscle stimulation in dogsdexercise in humansSerumpH decreased
immediately following exposure but rapidly returned to normal levels.

JauchemBeasonand Cook (2009)nvestigated the effects of exposures to a
waveform similar tdhe X26 pseudemonophasiavaveform but without té initial arc
phase. They anesthetizeshpigs ranging in weight from 56.8 to 63.8 kg and exposed
them to the modified waveform for either 30 or 60 seconds. They placed one probe
approximatelyfive cm to the right of the midline approximately 13 cm abthwe xiphoid
process. They placdbe other probe approximately sevan left of the umbilicus.

They continuously monitored the pigseart ratesRR, and pulse oximeteD, saturation.
They observed transient increases in potassium and sodhiolh wee consistent with
literature on studies of muscle stimulation or exercserumpH significantly decreased
after exposurgbut subsequently returned to baseline levBlsspite the lovserum ph
immediately after exposurell the animals survivedLactate was highly elevated and
remained increased at three hours. Serum myoglobin increased after egpdsure

remained elevated for the thrheur follow-up period. The researchers concluded that
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acidosis would appear to be one of the major concerndamithdurationexposures over
a short period.

JauchemSeamanand Klages (200%edateden pigs toexaminethe effects of
exposures to a Che civilian version ECD They observed that applications of the C2
for 30 seconds resulted in extensive musolgractionssignificant increases in heart
rate hematocrit pCO,, lactate glucose and potassiugrsodium and calcium ions. They
also observed significant decreases in bl@gdaturationpO,, and pH. They noted that
many of the changes were consiteith previous reports dealing with studies of muscle
stimulation or exercise. Howevehe changes in blogaCO,, pO,, electrolyteslactate
and pH were greater than in a previous study of three repgasteskcond exposures to
the X26 commonly usebly law-enforcement personnelguchemCook andBeason
2008) They concluded that potential detrimental metabolic effects due to use of the C2
might be more likely than limited intermittent applications of the X26.

See Tablel0, Swine Model Metabolic Eéct Studiesfor a synopsis o$ix swine
model metabolic effect experiments.

Human Model Studies

Ho, Miner, Lakkireddy, Bultman, and Heegaard (2006) examined the effects of
TASER ECD applications in resting adult volunteers to determine whether there was
evidence of induced or direct cellular damage. Ssktyvolunteer human subjects
underwent 24our monitoring after one standard application. The subjects had medical
histories that included asthma, diabetes, gout, hypertension, hypercholesterolénalia, mi
valve prolapse, hypothyroidism, congestive heart failure, previous Ml, and

cerebrovascular disease. The researchers collected blood samples before exposure,
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Table 10. Swine Model Metabolic Effect Studies

Author(s) Method Results

Jauchem, Sherry, s, and Cool{ 5-second exposure and five Increases in hematocrit,

(2006) second no exposure potassium, and sodium
continuously for 3 minutes

Dennis,Valentino, Walter, Nagy, | Two 40-second exposures pH ard bicarbonate decreased:;
Winners, Bokhari, Wiley, pCG; and lactate increased
Joseph, and Robert8007)

Esquivel and Bir (2008) Controlled hemorrhage and pH decreased, lactate increase

induce hyperthermia, four
sets of five fivesecond
exposures over 30 minutes

Jauchem, Cook, and Beason Three setsf five-second Glucose, lactate, sodium,
(2008) exposures and fiveecond potassium, calcium, and
no exposures pCO, increased; pH
decreased
Jauchem, Beason, and Cook 30-second and 68econd Sodium, potassium, lactate, an
(2009) exposures to modified myoglobin, increased; pH
waveform decreased
Jauchem, Seaman, and Klages | 30-second exposure from C2 | Hematocrit, pCQ, lactate,
(2009) glucose, and potassium,

sodium, and calcium ions
increased; @saturation,
pO,, and pH decreased

immediately after exposure, angagn at 16 and 24 hours after exposure. The researchers
analyzed blood samples for markers of skeletal and cardiac muscle injury and renal
impairment. They found no significant change from baseline at any of the four times for
serum electrolyte levels drthe blood urea nitrogen/creatia ratio. They observed an
increase in serum bicarbonate and creatine kinase levels at 16 and 24rmbtinsy
noted an increase in serum lactate level immediately after exposure that decreased at 16
and 24 hours. Semumyoglobin level increased from baseline at all three times. They
found no evidence of dangerous hyperkalemia or induced acidosis.

Bouton Vilke, Chan Sloane Leving Neuman Levy, and Kolkhors{2007)
enrolled 21 volunteers to experience a siffigie-second TASER exposure. The
researchers took baseline measurements before exposure and took measurements of

minute ventilationtidal volume RR, endtidal pO,, serum phbicarbonateand lactate
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for 60 minutes following exposure. Thekservedhatserumphdecreased at one
minutepostexposurebut returned to baseline withienminutes Bicarbonate
concentrations decreased at one minutetamchinutespostexposurebut returned to
baseline within 30 minutesLactate concentrations increased at oneutei anden

minutes posexposure but returned to baseline within 30 minutes. r@$earchers
concluded that a single fiveecond TASER exposure did not cause clinically significant
indications of physiological stress that could be causally linked tesudeath.

Vilke, Sloane Bouton Kolkhorst Levine, Neuman Castillo, and Char{2007)
enrolled 32 healthy law enforcement officers to receive adaemnd TASER ECD
discharge. Before and for 60 minutes after expo®sgearchers measured il
pCO,, O, saturationarterial blood fopH, pO,, pCO,, and lactateand venous blood for
bicarbonate and electrolytes. At one minubstexposureresearchers observed that
blood lactate increased from baseline returning to baseline at 30 minutes. Serndh pH a
bicarbonate decreased at one minute returning to baseline at 30 minutes. They observed
no clinically significant or lasting significant changes in electrolgietate or pH levels.

Ho, Dawes Lapine Bultman and Miner(2008) enlisted 21 volunteers teceive
either one 15econd or two consecutive frgecond drive stun applications from$26.
Eleven subjects received the longer applicaioltensubjects received the shorter
repeated applications. All applications were to the neck and shaukke The
researchers obtained blood samples immediately following exposure and again at eight
hours and 24 houwsfterexposure. They found no significant changes from baseline in
blood urea nitrogercreatinine ratio or serum potassium levels. Tdieyobserve a

significant decrease in serum lactate at the éight level. The researchers concluded
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that their data did not support theories of worsening physiologies following drive stun
applications of the X26.

Ho, Dawes Bultman Moscati Skinner Bahr, ReardonJohnsonand Miner
(2007) monitored 44 subjects after an anaerobic exercise regimen followed-by a 15
second TASER ECD application to determine whether prolonged applications had
significant physiologic effects on acidotic humans. They c@téeenous blood before
and after exercise to verify acidosis and again after exposure to evaluate effect. They
also included a control sample that exercised but underwent sham exposures for
comparison. The researchers analyzed samples for markersliatcqauscle injury and
acidosis. The researchers discovered that there was a similar decrease in pH after
exercise in both the controls and the exposed subjects. Following sham and real
exposuresresearchers observed similar increasgsCi@,, pO,, andserum lactate in
control and exposed groups. They noted that markers of acidosis and cardiac injury were
similar among acidotic subjects who underwent both sham and real prolonged exposure.
They concluded that prolonged TASER ECD exposure in human®tappear to have
an effect with regard to worsening acidosis that was already present.

Vilke, Sloane Suffecoo] Neuman Castillo, Kolkhorst and Char{(2007) enlisted
eight volunteers to receive one figecond TASER activation after rigorous exercise.
The researchers took baseline cardiovascular measurements and blood lsefogstse
test subjects exercised to 85 percent of maximum heart rate. Researchers took a second
set of blood samples when subjects reached the predicted heart rate. Thethalnjects
received a fivesecond ECD exposure. The researchers rechecked blood sanoples at

ten 30, and 60 minutes posixposure. Blood measures included arterialized capillary
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samples for pHpCO,, pO,, bicarbonateand lactate. Serum pH and bicarbenadth
decreased from baseline to pegercise while lactate increased. Bicarbonate measures
were lower at one minute atehminutes posexposure when compared to pesercise
before starting to increase toward baseline measures at 30 minuteggogsire. Serum
pH returned to baseline levels by 30 minutes-eagbsureand bicarbonate and lactate
returned to baseline levels by 60 minutes {@gtosure. The researchers reported that
the changes were not clinically significant.

To determine whethex 15second discharge fronm&26 caused acidosis
hyperkalemiaor serum lactate change in exhausted huntdmsDawes Bultman
Moscati Jancharand Miner(2009) enrolled 38 volunteers to undergo an exercise
protocol to exhaustion. The researchers died from the volunteers pexercise and
again when they could no longer perform the exercises at the designated pace. They then
applied a 15second discharge froorm&26. They drew blood immediately after the
exposureand a fourth time between 16ca24 hours after exposure. The researchers
tested the blood samples for g€ O,, potassiumand lactate. Median pexposure
serum pldecreased following exercisgecreased again following exposuaad
recovered to normal at 24 hours. The me@@0, increased after exercisdecreased
immediately after exposurand returned to preest levels at 24 hours. Lactate increased
immediately after exercise and immediately after expourtedecreased to normal at 24
hours. Serum potassium increased idiaely after exercis@lecreased following
exposureand recovered to normal levels at 24 hours. The researchers concluded that a
prolonged exposure frooma26 did not result in worsening acidosis or hyperkalemia

but it was associated with a small iease in serum lactate.

120



Vilke, Sloane Suffecoo] Kolkhorst Neuman Castillo, and Char(2009) enrolled
25 healthy police volunteers to test the effects of a single exposure from a TASER ECD
on markers of physiologic stress. The volunteers exercisedger8ént oimaximum
heart rate and then experienced a stanfileeesecond TASER shock. Before and for 60
minutes after the TASER application the researchers measured arterialized blood for pH
pO,, pCO,, and lactate. Each volunteer then repeated theisgeand data collection
without TASER activation. The researchers obseratdr adjusting for multiple
comparisonsthat the TASERexposed group had significantly higher systolic blood
pressurgbut they observed no other significant differences betee two groups in
any other measure at any time. From their observations they concluded that Bveingle
second exposure from a TASERD following vigorous exercise did not result in
clinically significant changes in parameters of physiologic stress.

In many cases of arrestlated sudden deatbspecially in cases of ExDS or
sympathomimetic drug toxicitiethe deceasedrefound to behyperthermic. Dawes
Ho, JohnsonLundin, JancharandMiner (2007) examined whether a TASER ECD
discharge causian increase in core body temperature in-eamironmentally stressed
resting adults. They enrolled 21 volunteers to swallow a telemetric temperature
recording capsulendtheyrecordedhe volunteerScore body temperature every 15
seconds on device atiched to théest subjecBwaists. Researcherthen exposed the
subjects to a Second continuous discharge from the X26. There was no change in
temperature after the exposure in the majority of patients. One patient hdd a 0.2
increase at 20 minuteandthree patients had a OFLdecrease in temperaturetan

minutes or 20 minutes.
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Dawes Ho, JohnsonLundin, JancharandMiner (2008) exposed 17 nen
environmentally stressed resting adult human volunteers tesactiid continuous
discharge frommaX26. A control group ofensubjects conducted usual activities of
daily living. The researchers measured core body temperature every 15 segands
swallowed telemetric temperature measuring device. They found that the discharge from
the X26 did notause an elevation in core body temperature.

Moscat| Ho, Dawes and Miner(2010) questioned whether ECD use might have
different physiologic effects oalcoholintoxicated subjects. They enrolled 26 volunteer
subjects22 as test subjects and four astools. After they had obtained baseline blood
samplesthe researchers gawgixed drinks tahetestsubjects in a controlled setting to
achieve a blood alcohol level of 0.08 mg/dL. The researchers drew blood samples after
the subjects reached the targktohol level. They then exposed the subjects to-a 15
second TASER discharge. They drew blood samples immediately afterward and again at
24 hours. They analyzed the samples for markers of acidosis and tropdiiey
observed no difference betweemgps for baseline pHCO,, lactate or troponinl.

Following intoxication but prior to ECD exposuyéhere was no difference between
groups in blood alcohol or repeat measures qfg@D,, and lactate. Following
exposurethere was a small drop in pH nonsignificant rise irpCQO,, and a rise in

lactate. At 24hour postexposurethere was again no difference between controls and
study groups in pHactate and troponin. There was a statistically significant change in
pCO,. The researchers condkd that intoxicated adults with prolonged exposure
demonstrated small transient increases in measures of acimddise increased acidosis

self-corrected anavas not clinically significant.
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Dawes Ho, Johnsonand Miner (2007b) noted that the electricarrent from a
X26 stimulated afferent sensory neurah® neurons that cause paamd efferent motor
neuronsthe neurons that cause skeletal muscle contractibmsy alsarecalled
speculation in the lay press and in medical literature that a TASHRdischarge might
induce neuroendocrine effects tleauld predispose subjects to delayed arrhythmias and
sudden death. They compared the neuroendocrine effects of the X26 to oleoresin
capsicumOC) spray by enrollingenvolunteers to receive eitheffigse-second exposure
from the X26 with probes fired in the back omap-second spray dDC sprayto the
eyes. The researchers collected salivary samples before exposuréeanaCatnd 60
minutes after exposure andadyred the samples for alplaaytase a surrogate for SAM
axis stimulationand cortisala surrogate for HPA axis stimulation.

Researchers observed &3 percent increase in alphmylase in th®©C spray
group aten minutes compared to an eiglercent decrease in the ECD group. A¢on
hour, alphaamylase was 44 percent over baseline ifQespraygroup anchine percent
over baseline in the ECD group. There wa8%@ percent increase in cortisol in 1€
spraygroup at 20 minutes and a 90 percent increase in the ECD group. Adune
cortisol was 15 percent over baseline in@@ spraygroup and 68 percent over baseline
in the ECD group. The researchers concluded that the results suggested a significantly
greater level of activation of the SAdkiscascade witl©OC spraycompare to the X26.
Overlapping confidence intervals precluded a definitive statement about the other
measurementdut they opined that the results did not suggest a greater activation of the

stress cascade by the X26 thyOC spray
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Dawes Ho, and Miner (209) tested the relative effects of the X2& spray a
cold-water tank immersigrand a defensive tactics drill on the human stress response.
They enrolled 53 volunteers to conduct the experinrrtlater excluded one due to a
recent injury. They raraiized the subjects to one of four interventions. Subjects
received either &ive-second exposure frorm&26 with the probes fired into the baek
five-second spray dDC sprayto the eyesa 45second exposure of the hand and forearm
in a0°C cold wate tank or a oneminute defensive tactics drill. The researchers
observed that alphamylase had the greatest increase from baselte@tt 15 minutes
with the defensive tactics drill. Cortisol had the greatest increaset@@5min with
OC spray Cortisol remained most elevated attd®0 minutes in the defensive tactics
drill group. The researchers concludkdttheir data suggested physical exertion during
custodial arrest might be most activating of the human stress respartsrilarly tre
SAM axis and that the X26 was not more activating of the stress response than other
uses of force.

Ho, Dawes Cole, Hottinger, Overton and Miner(2009) enrolled the assistance of
40 volunteers to determine whether exposure to a shock friot@Gon exlausted
humans caused worsening acidosis compared with continued exertion. The researchers
obtained medical historiemdbaseline pH and lactate values from the volunteers. They
then divided the volunteers into four groug8ne control group consistefl@xertion
only, and one control grougonsisted 0X26 exposure only One experimental group
consisted oéxertion plus X26 exposurand the second experimental group consisted of
exertion plus additional exertion. The researchers drew blood santplesath exertion

effort andeachX26 exposure. They repeated the blood draws every two minutes for 20
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minutes. They found no statistical differences between X26 exposure groups at baseline
or between exertion groups immediately upon completion of acisggrotocol.

However the X26 exposure control group had higher pH and lower lactate values at all
times after exposure compared with the exertion only control group. Following the
exertion protocqlthere were no significant differences in the pHactate values

between the experimental groups at any time. The researchers concluded that X26
exposure did not worsen acidosis in exhausted humans differently than continued
exertion.

Previous researchers had opined that temporal relationships betvestretated
sudden deaths and the use of TASER ECDs might be related to acute stress
cardiomyopathy induced by high levels of catecholamitts.Dawes Ryan Lundin,

Overton Zeiders and Miner(2009)enrolled 60 volunteers and randomized them into

five groups: (1) a 150 meter sprint simulating flight from law enforcement offi(2rd5
seconds of hitting and kicking a heavy bag to simulate physical cpo(@patensecond
exposure frommaX26, (4) a canine training exercise of approximately 30 sesand5)

OC spray exposure to the face. Researchers drew blood samples to determine baseline
levels of epinephringnorepinephrinedopamineand total catecholamines. Each

volunteer then participated in one of the five tasks. Researchers drew bigudsstor
catecholaminedactate andserum phwithin 30 seconds after completion of the task and
every two minutes forenminutes. The researchers determined that there was no
difference in baseline catecholamine levels between the groups. Aftaskigehe

highest median was the heavy bag group followed by the sprint group. The canine group

was nextthe X26 group was fourtland theOC spray group was fifth. The pH and
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lactate results followed the same pattevith pH the lowest and lactate thghest for
the heavy bagollowed by the sprint group. The researchers concluded that an exposure
from an X26 activated fewer catecholaminesoduced lower levels of lacta&nd had
less of an effect oserum plthan physical combatieeing and ressting a canine.

Expanding on previous researeéto, Dawes Nelson Lundlin, Ryan Overton
Zeiders and Miner(2010) enlisted 66 volunteers in a law enforcement training academy
and randomly assigned them to one of five study grddpst 150 meter sprirand scale
a 4foot wall, (2) 45 seconds of maximal heavy bag exert{Bhatensecond exposure
from an X26, (4) a40-yard sprint and a 28econd fight with a law enforcement ¢dog
(5) OC spray exposure to the fac8ixty-two of the volunteers comgk their
assignments. Additionallyheresearchersicluded a sixth group of subjects who ran up
and down two flights of stairs to simulate a common layperson activity for comparison.
Researchers drew venous blood samples before and after the &lextsontinued
sampling in tweminute intervals until 12 minutes post event and compared pH and
lactate values between groups. The researchers determined: (1) the exertion groups of the
heavy bag and the 150eter sprint had lower pH and higher lactateragéxposure than
the other groupg2) the exposures of the X26 and € spray had higher pH and lower
lactate than the other groyi$3) volitional behaviors of resistance and fleeing induced
the most profound levels of acidagi) law enforcement s and tactics did not induce
acidosis to the same levels as volitional subject behamalr (5) the common activity of
briskly ascending and descending two flights of stairs caused acidosis physiology similar

to atensecond X26 application.
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Ho, Dawes Cole and Miner (2008) enlistefbur volunteers to experience a-20
second and one volunteer to experien88-aecond discharge to the thofaam the
civilian TASER modelthe C2 Researchers drew venous blood befionenediately
after, and 24 hours postischarge to analyze biomarkers of acidosis and cellular damage.
Median baselineerumpH decreased following applicatigout returned to normal at 24
hourspostexposure Median baseline potassium decreased following appligdtidn
returned to normaat 24 hourpostexposure Median baseline lactate increased
following application but returned to normal at 24 hoysstexposure Median baseline
creatine phosphokinasiecreased following applicatipbut returned to normal at 24
hourspostexposue.

SeeTable 11 Human Model Metabolic Effect Experimentsr a synopsis o017
human model metabolic studies.

Summary

High-risk group theory postulates that people with cardiovascular djgesgae
under the influence afrugsor who have a history afrug abusgpeopleintoxicated from
alcohol people who are under extreme psychological distress oewbit signs of
ExDS and people who are mentally ill or taking psychotropic medications are at higher
risk of sudden death following application of ASER ECDthan people who do not
suffer such infirmities. To dateesearch has not discoverethachanism to explain why
that should be true. Medical literature makes it clear that people in theiskgiroup
are already at higher risk of sudden demithhout police intervention. Human model

studies have not demonstrated evidence of direct cardiac stimulation, cardiac damage,
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Table 11. Human Model Metabolic Effect Experiments

Author(s)

Method

Result

Ho, Miner, Lakkireddy, Bultman,
and Heegaard (2@}

Standardive-secondexposure

No change in electrolyte levels
and blood urea
nitrogen/creatinine ratio;
increases in bicarbonate,
creatine kinase, lactate, an
myoglobin; no evidence of
hyperkalemia or acidosis

Bouton, Vilke, Chan, Sloane,
Levine, Neuran, Levy, and

Standardfive-secondexposure

Increased lactate, and decreas
in pH and bicarbonate not

Kolkhorst (2007) clinically significant
Dawes, Ho, Johnson, and Miner| Standardive-secondexposure or | Significantly greater aivation
(2007hb) use of OC spray of SAM axis cascade with

OC spraycompared to the
X26

Dawes, Ho, Johnson, Lundin,
Janchar, antiner (2007)

15-second exposure

No significant rise in body
temperature

Ho, Dawes, Bultman, Moscati,
Skinner, Bahr, Reardon,
Johnson, and Miner (2007)

15-second exposure in exercise(
volunteers

Decrease in pH and increase irf
lactate similar in control and|
experimental groups

Vilke, Sloane, Bouton, Kolkhorst
Levine, Neuman, Castillo,
and Chan (2007)

Standardive-secondexposure

Increased lactate, antcreased
pH and bicarbonateot
clinically significant

Vilke, Sloane, Suffecool,
Neuman, Castillo, Kolkhorst,
and Chan (2007)

Standardexposure in exercised
volunteers

Bicarbonate and pH decreases|
and lactate increasest
clinically significant

DawesHo, Johnson, Lundin,
Janchar, anliner (2008)

15-second exposure

No significant rise in body
temperature

Ho, Dawes, Cole, and Miner
(2008)

30-second exposure of C2

Potassium, pH, ancreatine
phosphokinasdecreased, lactaf]
increased, but all returned
normal at 24 hours

Ho, Dawes, Lapine, Bultman, an
Miner (2008)

One 15second or two
consecutive fivesecond drive
stun exposures

No significant changes inlood
urea nitrogericreatinine
ratio or serum potassium

Dawes, Ho, and Miner (2009)

Comparisorof five use of force
scenarios

X26 no more activating of the
SAM axis than other uses ¢
force

Ho, Dawes, Bultman, Moscati,
Janchar, and Miner (2009)

15-second exposure in exercise(
volunteers

Lactate increased, and potassi
and pH decreased returnin
to normal in 24 hours

Ho, Dawes, Cole, Hottinger,
Overton, and Miner (2009)

Standardive-secondexposure in
exercised and non exercised
volunteers

No significant differences in pH|
or lactate values between
experimental groups

Ho, Dawes, Ryan, Lundin,
Overton, Zeiders, and Miner
(2009)

Comparison of five use of force
scenarios

X26 activated fewer
catecholamines, produced
lower levels of lactate, and
had less of an effect on
serum ph than physical
combat, fleeing, and
resisting a canine.
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Vilke, Sloane, Sfifecool,
Kolkhorst, Neuman, Castillo,
and Char(2009)

Standardive-secondexposure in
exercised volunteers

Changes in pH, bicarbonate, a:ll
lactate similar in control an
experimental groups

Ho, Dawes, Nelson, Lundlin,
Ryan, Overton, Zeiders, and
Miner (2010)

Comparison of five use of force
scenarios

X26 and theDC spray had
higher pH and lower lactatg
than the other groups;
briskly ascending and
descending two flights of
stairs caused acidosis simil|
to a 10second X26
application

Moscati,Ho, Dawes, ath Miner
(2010)

15-second exposure on alcohol
intoxicated volunteers

No difference between
experimental and control
groups for pH and lactate

respiratory distress, or metabolic disturbance from the use of TASER ECDs that could

create an increased riskafestrelated sudden death.
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CHAPTER 1l

RESEARCH METHODS

The presentvork is a retrospective open source research stdigiblicly
available autopsgnd toxicologyreports Itis designed t@wompare the physiological
attributes ohigh-risk grouptheoryto two groups of arreselated sudden deathBASER
ECD-proximatedeathsandnon-ECD deaths High-risk group theory postulates that
elderly peopleyoung childrenpeople with preexisting cardiovascular diseageople
with pacemakers an€Ds, people under the influence dfugsor with a history of drug
abusepeople intoxicated from alcohol with a history of chronic alcohol abygeople
under extreme psychological distress or who exhibit sigixDfS, people who are
mentally ill orwho aretaking psychotropic medicationgeople subjected to repeated or
multiple applicationsand pregnant women are at a heightened riskrekteerelated
sudderdeath following application of a TASER ECD.

Because there is rlanown incident o pregnant womndying following the
application of an ECD, and becausedical records related to teix allegedfetal deaths
following the use of an ECBreexempt from disclosure under tHealth Insurance
Portability and Accountability A¢this study does not adelisthe pregnancportion of
hightrisk group theory. Additionally, because multiple applications of a TASER ECD
implicate their use in all such deaths;ontrol or comparison groupat isnot subjected
to a TASER ECIagainst which to compare physiologjiclifferencesloes not exist
Consequently, this study does not include an examination of the multiple applications

aspecof high-risk group theory.
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An arrestrelated sudden death is a death that occurs following a collapse within
24 hours after the ihal arrest or detention. The deatiust beunexpectedmustnotbe
the result of trauma or injury that a layperson could readily discern needs medical
attention andmust followa sudden change in clinical condition or the beginning of
symptoms from whikc the deceased does not recover. The colldyadeesults in death
must have occurred in the United States between Jan 2098 and December 31
2011.

Arrestrelated sudden deatficludes the deaths of persons at the scene of an arrest
or detentiondeaths while in transit from an arrest scene in a police vehicle or amhulance
deaths of arrested subjects at medical facilities due to injuries or medical praems
any death in a jail or detention facility if the change in clinical condition thas leatthe
death occurs within 24 hours of the initial arrest or detentioeandbmpasses deaths that
occur while the person is in the physical custody of or under the physical restraint of law
enforcement officersncluding formal arresisnvestigativedetentionsand detentions
for emergencynedicalcareor mental health issues. Because medical science can keep
people alive for long periods following a collapde death need not occur within 24
hours of the initial arrest or detentjdout the changa clinical condition from which the
person does not recover must occur with 24 hours of the initial arrest or detention.

Arrestrelated sudden deatheknot include deaths from pexisting conditios
thatareknown to law enforcement officees the tme of the arrest or detentiateaths
following a change in clinical state that occur more than 24 hours follemsobjects
initial arrest or detentigrand deaths from physical traumainjuriesthatarereadily

apparent or easily discernible to agaysonsuch as officer involved shootingseaths
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due to suicideor obvious injuries due to falls or other accidents. The definition does
include however deaths from internal injuries that are not easily detectible or discernible
to the laypersorsud asinternal bleeding.

Because no databasentaining physiological data on arrestated sudden deaths
exists this studyfirst requiral construction of a sampling framé non-proportional
stratified random sample of 30Qigicly available atopsyandtoxicologyreportswas
obtained for studyTo avoid researcher biasvo peoplewith knowledge of medical
terminology but whowerewithout an interest in theesults of thestudy, codel the
autopsyand toxicologyreports forattributesrelevant to examing highrisk group
theory. Descriptive statisticanferential statisticsand QualitativeComparative Aalysis
wereused to analyze the data andcompareadesignatedttributesin deaths proximate to
the use of TASER EC&to deaths when no ECD was wived.

Constructing a Sampling Frame

No nationwide databasistson police use of force outcomes with incidéstel
data (Hg 2009; White and Reag¢l2010) and there is no nationwide data collection
system to collect reliable and systematic incidemt| data on arreselatedsudden
deaths.Moreover the fivemost commonly useslources for examining data related to in
custody deaths have substantial limitations (Borrg@al; White et al, 2013). Most
notably they do not identify the deceasechich makes them of little use identifying
specificcases fothe current research.

Without names or other identifying informatiaghwasnot possible to obtain
individual autopsy recordsConsequentlythe first stepvasto construct a sampling

framethat specificallyidentified individual cases adirrestrelated sudden deaths.
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Information sourcefor previous studies on arrestlated deathscluded news media
sources (HpHeegard Dawes Matarajan Reardonand Miner 2009; White and Ready
2009; White, et al, 2013; Williams, 2008) Internet searabs(Strote et al, 2005) police
reports (Williams2008) andmedical examiner records (Southall al, 2005 White, et
al., 2013; Williams 2008. Eachsourcehad advantages ardnitations.

News medh reports are readily available through commercial databases and
Internet searcheand they are a principle sourcerefiableinformation Reportsoften
includethe name of the deceased and informasigificientto establishwhetherthe
incident qualfies as an arrestlated sudden death. Howewverediaoutletsmight not
learn of an incidentheymight choose not tpublish areporton anincident or they
might publish detailsnsufficient to identify the incident as an arreslated sudden
death. Newspapers in less populated municipalities and counttassmall circulations
often are noincluded in media databasestheir reports are not readily available for
search and review.

Because individuals can publish web pages on any topic ofsptierternet
searches cape used tadentify someincidentson which thenewsmediadoesnot report.
Additionally, web pages often contain more information thawsmedia reports
however the reliability ofthatinformationis oftenquestionable Information rather than
beinganimpartial reporting of the factsnight bepromoing an agendand ®me web
pagesuncritically repeatmisleading or incorreghformation from other webources
Neverthelesscasesliscovered through web page seardatasoften be verifiedthrough

other sources.

133



Police reports are useful for verifying cases that are already identified through
other sourcesdut, because they are not searchable through commercial datgdzdises,
reportsoffer little help in identifying nevcases Neverthelessfia questionable case
requiresclarification reports can be obtained frsomelaw enforcemenagencies.

The one report om-custody deatheelying strictly on medical examiner reports
comesfrom Maryland which has one chief medit examinets officefor the state
Thereforethe records are readily availalite examinatiorin one location.In many
other stateshoweverjndividual counties haveheir owncoroners or medical examiners
In Texasmore populatedountiesemploy nedical examinersLess populated
jurisdictions however generallycontractfor autopsy servicesith thelargercountesd
medical examineror with privatesectorpathologists.In thoseless populated
jurisdictions a Justice of the Peace the precind¢ within the countywhere the death
occussis the custodian of the recor@onsequentlyin such stateautopsy and
toxicology reportarenot centrally locatedandtheyare notsearchabléhrough
commerciakoftwareapplications Of courseautopsy reords are the most complete
source of data related to the physiological attributes of the deceased.

This study adogtda multifaceted approach to identify and confirm casles
interest The first approach involeepublic newsmedia searchesroughtwo
commercialdaabases with extensivéhough not necessarily concurretitasources
NewsLibrary** and LexisNexi§>. Becaus@ews reports of arreselated sudden deaths

do notcontain standardedlanguage that would facilitate searchitss approach

* NewsLibrary is a trademi of The McClatchy Companyegistered in the United
States. All rights reserved.

> LexisNexi§’ is a trademark dfexisNexis Groupregistered in the United States. All
rights reserved.
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required usingseveral different search terrasd phrasesAppendixA, Search Terms
contains a list oi6 words and phrasesearchedor this study Because itvascommon
to locatenewsreports published long aftanincident occurreddate parametersere
extended to search for reports containing applicable searchpgabtishedfrom January
1, 2006 througAugust 2013, but only incidents that occurrécbm January 12006
through December 32011wereincluded in this study.

Reportsdetailingcircumsances thatid not fit the definition of arrestelated
sudden deatlsuch as officer involved shootings or suicidesreexcluded. Reports
with circumstances thaterequestionableverepreserved for comparison against
information from other sources determine whether the case should be excluded or
recorded Reports with circumstancégting the definition of arrestelated sudden death
wererecordedn an Exce?® spreadsheet for inclusion in the sampling frame.

The second approadfvolved searchinghe Internet through Birfg and
Googlé”® search enginesUsing the sam&6 searchtermsfrom AppendixA, this
approach sughtweb pages refeng to arrestrelated sudden deatthat might nohave
appeaedin news mediaeports Although the reportingf factsmight have beeless
reliable thann news mediaeports casesvereidentifiedfor verificationthroughother
sources. Agaiionly incidents that occurred from Januar®Q06 through December 31
2011wereincluded in this studyCaseghat dd not fit the definition of arrestelated

sudden deattvereexcluded. Questionableasesverepreserved fowverification through

® Excel is a trademark of Microsoft Corporation, registerethimUnited States. All
rights reserved.

" Bing® is a trademark of Microsoft Corporation, registered in the United States. All
rights reserved.

® Googl€ is a trademark oBoogle, Incorporatedegistered in the United States. All
rights reserved.

135



other sourcesCasedrom apocryphal web sitabat appeadto bearrestrelated sudden
deatls werepreserved pendingerificationthrough other sourcegases from reliable
sites such as news or government web patiet fit the definition of arrestkelated
sudden deattvererecorded in the sampling frame.

The third approach involeka search of exisNexis and FindLa#? databases for
court decisionshatinvolvedwrongful death claimarising fromin-custodydeathsand
excessive force claimdn their published opiniongudges often includta synopsis of
the facs of the casbefore applying the law and rendering a dedis Using the46
searchtermsin AppendixA, this approach involsearchindegal opiniondor
incidents that occurred from Januar2006throughDecember 312011 that fit the
definition of arrestelated sudden deattegardless of the date of tbhpinion. Cases that
werenot arrestrelated sudden deatvereexcluded. Questionable @asesverecompaed
against information from other sources to determine whether the case should be excluded
or recorded Cases that fit the definition of arrestlated sudden deatiererecorded in
the sampling frame.

Each state hasdesignedo coordinate the collection oéportsfor the Deaths in
CustodyReportingProgram (DCRP) The fourth approach involdanakinga freedom
of informationrequesbf each of thetate coordinatorfor copies ofall reports to the
DCRP, excepting officesinvolved shootings and suicide@nce the information reactie
the BJSfederal law prohibgdthe release of research or statistical informationvifaest
fidentifiable to any spefic private person for any purpose other than the purpose for

which it was obtaine2 U.S.C.8 3789g(a)p Thereforebecause itouldnotrelease

® FindLaw® is a trademark ofhomson Reuters Corporatioregistered in the United
States. All rights reserved.
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the names of individualgso information requestasmade of the BJSHowever until

the information redwed the BJS the information collectetly the coordinatora/as

subject to the public information or freedom of information laws of the individual states
(Burch, 2012). Although the reporting forgra C311A, did not includedetailed

information about thencident thereportscould reveal cases for additional research and
verificationthroughother sourcesin California and Texastatelaws mandate reports

for every incustody death. In those states the freedom of information request thclude
data fromeach stai@s respective ircustody death database3nce againcases thatid

not fit the definition of arrestelated sudden deattereexcluded. Questionable ases
werepreserved for comparison against information from other data sources to determine
whether the case should be excludeceoorded Cases that fit the definition of arrest
related sudden deattererecorded irthe sampling frame.

All casegliscovered from each of the four soureesecrossresearched through
the other sources to ensym®per selectiofor the sampling framend duplicate entries
weredeleted. This foufold approachproducedanearlycomplete listingof arrest
related sudden deathstill, it is likely thatsomecasesemairedundiscovered.

Public Information Lawsrad Autopsy Reports

In manystatesautopsy reportsverepublicly available for examination and study.
However state statuteprohibitedthe release adutopsyreports inArkansas (Arkansas
Codes Annotated 122-312(a)),Connecticut (Connecticut Generdahfites§ 19a411),
lllinois (4101llinois Compiled StatuteS35/24) Louisiana (Louisiana Revised Statutes
44:19),Mississippi Mississippi Code Annotate8l41-61-63), Nebraska (Nebraska

Revised Statutes 8412.05(2)) New Hampshire (New Hampshire Revisgtutes §
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611-B:21), New Jersey (New Jersey Statutes 52:-928 New York (Gounty Law 8

677), Oregon Oregon Revised Statutes § 192 h®Rhode Island (Rhode Island General
Laws§ 382-2), Virginia (Virginia Annotated Codé& 32.12283.B),Washington (Rvised
Code ofWashingtorg 68.50.105) and West VirginiaQode of State RegulatioB4 §
18.2) In NevadgOpinion Number 82.2) andin South Carolina (Opinion Number 81
87), Attorney General @inions prohibiteddisclosure of autopsy report$n
Massachuges (Globe Newspaper Company v. Chief Medical Exami@4 Mass. 132
(1989)) and in Pennsylvanidghnstown Tribune Publishing v. Ross, 871 A.2nd 324
(2009)), stat&sSupreme Countulings prohibitedthe release of autopsy records.
Minnesota, autopsy cerds become public information 30 years after the death
(Minnesota Statutes § 13.83Fonsequentlycases from those state®rerecordedn the
databasgbut no autopsy recordgererequestedor deaths occuimg in those states.
When requested to prmle reports, medical examiners and coroners in Montana and
Wisconsin claimed confidentiality of autopsy reports, but no legal basis for the
exemption was apparent.

In the rest of the statesutopsy recordaieregenerally availabldout some
exceptions sliiapplied. For examplgif an investigationa prosecutioyor a lawsuitwvas
pending the recordsvereexempt from disclosureUntil the recordsvererequested and
the coroner or medical examiner respeatb the requestherewasno way to know
whethe an exception applee

Selecting aNon-ProportionalStratified Random Sample

Once the sampling franw 1,060 casesvasconstructechnd all of the cases from

states that exemgd autopsy reports from disclosunerelistwise deleted only for
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purposes ofxdracting a samplan Internet basethndom number generator that uses
atmospheric noise instead of psewdndom mathematical formulasasused togenerate
a random sequencd names.’ A non-proportionalstratified random sampleas
obtained by requestg autopsy reports for the firdt50nonECD cases and the first 150
ECD-proximate casesom the randorty ordeedlist. Whenany coroner or medical
examiner @ not respond tarequesta second requestasmade. Whentherewasno
response to the seabnequestor whenthe coroner or medical examiner dectite
releaseanautopsyor toxicology reporttheautopsy report for theext name on the
stratifiedlist wasrequestedand so onuntil 150 noRECD reports and 150 TASER
proximatereportswererecived for coding.

Definition of Terms

To ensureonsistentnterpretation and coding of autopsy and toxicology reports
on thecodinginstrumenttermswere given thdollowing definitions

Agel The age for the person is the age in whole numbers thabitvesr or medical
examiner listdon the autopsy report.

Sexi The sex for the person is the sex that the coroner or medical examaucborishe
autopsy reporteither maleor female.

Race/Ethnicity The race or ethnicity of the person is what the wer@r medical
examiner listdas race and/or ethnicity on each repBlack or African/American
Hispanic White or Caucasigror Other forany other race or ethnicity.

Heighti The height in inches by whole numbers only as indicated by the coroner or

medical examiner on the autopsy report.

19 (Random.orgat http://www.random.org/
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Weighti The weight in pounds by whole numbers only as indicated by the coroner or
medical examiner on the autopsy report.

TASER ECD Any mention by the coroner or medical examiner in the autopsy report of
the use o TASERbrand namé&CD.

Cardiovascular Disease Any mention by the coroner or medical examiner in the
autopsy report of any of the following conditions in the diagnosis seeisoa cause
of death or as a contributing factor to the deathhis listwasnot comprehensive, but

it included cardiovascular diseases frequgrtescribed in autopsy reports.

 Aortic stenosis  Mitral valve prolapse
 Atherosclerosis « Multifocal atrial tachycardia
e Atrial fibrillation « Myocardial infarction

o Atrial flutter o Myocarditis

o Atrial myxoma « Premature atrial contractions
e Atrioventricular block  Restrictive cardiomyagthy

« Congestive heart failure » Septal defects

o Coronary artery disease  Sinus bradgrrhythma

« Dilated cardiomyopathy « Sinus tachycardia

« Hypertrophic cardiomyopathy e Supraventricular tachycardia
» Hypoplasia « Tricuspid regurgitation

e Ischemic heart disease e Tricuspid stenosis

e Long QT syndrome » Wolff-ParkinsoAWhite syndrome

 Mitral stenosis

Pacemakers or Implantable Cardioveriefibrillators i Any mention by the coroner or
medial examiner in the autopsy report that the deceased ysarkmakeran ICD,
or any othedevice to stimulate or regulate heartheathat the deceasaded a
device designed automatically to convert fibrillation to a sinus rhythm.

Commonly Abused Reational DrugsPresentt Any mention by the coroner or medical
examiner of a positive toxicology report for any of the following:
Amphetamine$ Included methamphetaminenethylenedioxyamphetamine

methylenedioxymethamphetamjrend amphetamine.
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Cocaing’ Includel cocaineand its metabolitebenzoylecgonine
ethylbenzoylecgonine and cocaethylene.

LSD1 Included lysergic acid diethylamidand its metaboliteN-desmethylLSD,
hydroxy-LSD, 2-0xo-LSD, and 2oxo0-3-hydroxy-LSD.

Marijuanai Included marijuanatetrahydrocannabinpbr delta9-
tetrahydrocannabinol

Opiates Included heroin diacetylmorphinemorphine codeine 3-
monoacetylmorphineor 6-monoacetylmorphine.

PCPI Included phencyclidine.

History of DrugAbusei Any mention by the coroner or mediedaminer of a history of

abuse of any of the following:

Amphetamine$ Included methamphetaminenethylenedioxyamphetamine
methylenedioxymethamphetamjred amphetamine.

Cocaine

LSDi Lysergic acid diethylamide.

Marijuanai Included marijuana antiashis.

Opiates Included heroin diacetylmorphinemorphine or codeine

PCPi1 Phencyclidine.

Excited Deliriumi Any mention by the coroner or medical examiner of excited deljrium
agitated deliriumcocaine induced deliriupor drug induced delirium in theaynosis

section as a cause of deatbr as a contributing factor to the death.
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AlcoholPresentt Any mention by the coroner or medical examiner of the presence of
alcohol or ethanol in the body of the deceas@g mentiorin the diagnosis section
listed as a cause of deaibr listedas a contributing factor to the death.

History of Chronic Alcohol AbuseAny mention by the coroner or medical examiner of
a history of chronic alcohol abuse.

Mental lliness’ Any mention by the coroner or medical examioka diagnosis of or a
history ofschizophrenigbipolar disorderor depression.

Psychotropic Medications Any mention by the coroner or medical examiner of a
positive toxicology report for any of the followingrhis listwasnot comprehensive,

but itincluded medications frequently described in toxicology reports.

« Aripiprazole « Paliperidone

e Chlorpromazine e Perphenazine
 Clozapine e Pimozide

« Fluoxetine e Quetiapine

« Olanzapine  Risperidone

e Fluphenazine  Thioridazine
 Haloperidol « Thiothixene

« Loperidone e Trifluoperazine
« Loxapine e Ziprasidone

« Molindone

Respirationi Any mention by the coroner or medical examiner of any of the following in
the diagnosisas a cause of deatbr as a contributing factor to the death:

e Anoxia « Hypercapnia
« Asphyxia « Hypoxia.

Metabolic Diordersi Any mention by the coroner or medical examiner of any of the

following in the diagnosis, as a cause of death, or as a contributing factor to the death

 Acidosis « Hyperkalemia
 Alkalosis e Hypernatremia
e Hypercalcemia « Hypocalcemia
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« Hypokalemia « Hypoxemia
« Hyponatemia « Ketoacidosis

Coding Autopsy and Toxicology Reports

To avoid rater bias, three people whierenot involved in the resear@greed to
codethe autopsy and toxicology reporfswo of thevolunteers hd previously been
employed in healthare servicesalthoughneitheronewasa physician oa pathologist.
Therefore acodinginstrument and instructions on completing toelinginstrumentvas
developed to assist therAppendixB is acopy ofthecodinginstrument The
instrumentconsised of labeled boxes thaivo of the threecoderscompletel.

Appendix C contains the instructions for completing the instrument that the
coders received. To aid the coders in recognizing the attributes of interest in the autopsy
and toxicology reports, ghinstructions contained lists of cardiovascular diseases, drugs,
and psychotropic medications that were likely to appear in the reports.

Thetwo coders receiwcopies of each of the autopsy repoedacted of
personal identifying informationFor demogaphic informationthe codersrecorcedage
sex race/ethnicityheight and weight okachdeceased as the coroner or medical
examinemotedthat attributeon the autopsy report. For the other categériese of a
TASER ECD cardiovascular diseaggacenakers or implantable cardioverter
defibrillators drugspresenthistory of drug abusexcited deliriummentally ill, and
psychotropic medicatiodsthe codersscoredthe instrument witta dummy variable
either a 0 or a,lindicating the absence (0) the presence (1) of the attribute as indicated
on the autopsy reporilhe instrument concludevith a space for theodersto note any
concerns or guestions theydhaoncerning a given reporihe third coder was to resolve

any discrepancies that the fitato codersafter consultatiorgould not reconcile.
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However, consultation with the first two coders reconciled all conflicts in the
observations, so involvement of the third coder was never seges
Concordance
The coders were instructed on how to pdete the instrument, and they were
given a copy of the instructions before they begBime wo codersscoredhe reports
independently and did notTots ehethehthecoderd er c o
would score the reports consistently, thearevpresented with identical copies26f
autopsy reports from the selected sampléter the coders had completed scoring the
reports, ach observation oé codinginstrumentsvascompared to ensure that the
codershadconsistently interpretdand co@d the reports.The coding instrument
contained 28 cells to record observations for each sashere were 560 observations
for the 20 trial coding. The coders scored only 16 of the 560 observations differently.
One conflict involved the height on a tep It was found that the height was
listed differently in two placesn the report. One coder recorded one height while the
other coder recorded the other height. That conflict was resolved in favor of the taller
hei ght of 64 i nerheigbtwduld batedrdsulted inThie persesnthaving
been only 54 inches tall (4660), which see
Five conflicts involved whether a TASER ECD had been used. In all five cases,
one coder had scored the variable to indicate the use of &ngad the other coder had
scored the variable to indicate the lack of an ECD. On consultation with the coders, it
was discovered that one coder had seen ter
Aconducted ener gy weap o mseeénthelbrandname TASERar t e

Consequently, that coder scored the observations as no use of an ECD. Because it was
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possible that some other brand name of ECD had been involved in arrelatest

sudden death, that coder was instructed that scoringpegv@tion ago use of a

TASER ECD was acceptable as long as a note was added to the instrument indicating
that an ECD was used but there was no mention of the brand name. In that way, further
research into each questioned case could resolve whethe3EBRTECD had been used,

and the report could be properly coded.

Four discrepancies involved the presence of cardiovascular disease. In one
discrepancy, one coder had simply not noticed a reference in the report. In the other three
discrepancies, one codead seen a term not familiar to the coder and not included as a
cardiovascular disease on the instruction sheet. Consequently, that coder scored the
observation as no cardiovascular disease. The other coder recognized the reference as a
cardiac diseasand scored the observation as the presence of cardiovascular disease.
These discrepancies were resolved in favor of scoringlibervations as presence of
cardiovascular disease, and the coder who had not before recognized the term as a
cardiovascular dease agreed to score any later reference as the presence of
cardiovascular disease.

The other six discrepancies were resolved as simple errors in observation. For
those six discrepancies, whenever one was discovered, the coders were asked to revisit
therr scoring of that observation. In each case, one of the coders acknowledged having
not seen the reference in the report and agreed to change the score on the instrument.

Upon completion of the trial scoring, theo codergeceived and scored the
remainirg 280reports The recorded scores on each instrumene compared for any

discrepancies in the codipgd discrepancies were reconciled as in the trial process.
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Eventually, both coders agreed on the coding of all 8,400 observations, so the assistance
of the third observer as aeakemnwasnever required.

Table 2, Concordance of Observations, contains a listing of the ratio of
concordance of the initial observations for the variables of interest and the Kppa (
value for each variableefore recaciliation. A K of 0.75 is generally considered
significant agreement (Grabetter and Wallnau, 2000). The only variables Kvidsa
than 0.75 were history of marijuana abuse (0.66) and history of opiates abuse (0.66)
indicating a moderate agreement.

Table 12. Concordance of Observations

Variable Concordance ¥
TASER ECD 0.97 0.93
Cardiovascular Disease 0.93 0.85
Pacemaker or ICD 1.00 0.80
Amphetamine Present 0.99 0.98
Cocaine Present 1.00 0.99
LSD Present 1.00 1.00
Marijuana Present 0.99 0.95
Opiates Present 0.98 0.91
PCP Present 1.00 0.96
History of Amphetamine 1.00 1.00
History of Cocaine 0.98 0.86
History of LSD 1.00 1.00
History of Marijuana 0.99 0.66
History of Opiates 0.99 0.66
History of PCP 1.00 0.80
Excited Delirium 0.99 0.97
Alcohol Present 1.00 0.99
History of Chronic Alcohol Abuse 1.00 0.97
Mentally Il 1.00 0.98
Psychotropic Medications 0.98 0.79

Some data of interest were missing from the autopsy reports. The age of the
deceased was missing from four reports and th&athmicity was missing from ten
reports. All four missing ages were available from the other sources used to identify and

verify cases for this study. For nine of the ten cases missing race/ethnicity data, the
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information was available from other sowscelated to theases.For each of those
cases, the information was known, but was not available to the coders. In those cases, the
data were recorded in the databakeone noRECD case, however, no radethnicity
was identified in any of the souceand freedom of information laws in the state where
the death occurred prohibit release of police records that might have included the
information Therefore, the race/ethnicity in one case remained missing.

One surprising observation was the lack of eeference to the use of a TASER
ECD in 30 autopsy reportsr casesn which other sources had established their use.
Although theautopsy reportsontained descriptions of minor associated woundsg, the
contained no mention of an ECD. Neverthelessab®e other sources established the
use of an ECD, and because those cases were included in the study because of the use of
an ECD, those cases were recorded as-gfoRimate deaths in the database.
Additionally, in four cases selected for the sample weat originally identified as nen
ECD deaths, autopsy reports revealed the us@8fSERECD. Consequently, these
cases were also recorded as E@Dximate cases in the database, and substitute non
ECD cases were obtained for study.

Statisti@al Analysis

Three tiers of analysis were used in this study. Fiestcptive statisticarere
used to describe theccurrence of arrestlated sudden deatbser the six years
included in the study and to descripeneraldifferencesbetweemonECD andTASER
ECD-proximate deathsThis analysis began with a description of trends derived from the
entire sampling frame, including frequency analyses of the number of deaths-year

year, the number of deaths by month of the year, and the number of deaths by state and
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by jurisdiction. Although not tenets of higlsk group theory, this trend analysis aids in
the understanding of the prevalence of asrelstted sudden deaths in both the-&2D

and the ECBproximate groupsDemographic data were reported on age, aed,
race/ethnicity. Age and sex data were available on nearly every case in the sampling
frame because news media reports usually included thatsdadiaalyses include both the
population and the sampl@ublicly available information sources often diat include

the race or ethnicity of the deceased, so race/ethnicity analysis included data only from
the sample Age, sex, and race/ethnicity data were also compared to data from previous
studies on arreselated deaths.

Second, atesbwasisk@ta danélyzthetage parameter for both the
population and the sampld@ t-test is an appropriate test of significance for a small
sample two group analysis (Grabetter and
=0.05 level.P e a r s’destfdrindependence was used to analiyztvidually the
observed differences the other physiological attributes of higisk group theor§
cardiovascular disease, pacemakers and ICDs, presence of drugs, history of drug abuse,
excited delirium, presence of alcohol, chronic alcohol abusetal illness, and the use
of psychotropic méications. Additionally, although not tenets of higgk group theory,

& was used to analyzex and race/ethnicityA & test for independence is an

appropriate hypothesis test for aparametric categorical data (Grabetter and Wallnau,
2000) . Significance ogste regresgion analygipditievasy = 0.
used to examine the extent to which physiological attritaffested the likelihood that
an ECD was involved in an arresfated sudden death.ogit is an appropriate

hypothesis test for a categorical binary dependent variable (Grabetter andiyvall
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2000). Althoughthis approach ia nontraditional use of logitsetting the use of an ECD
as the dependent variable for analysis (even though it is not dependent in the commonly
used sense) permits an examination of each variable while controlfitigefother
variables wh i édnalysi©idees ot permiLogit is measured in-gcores.
Significance was set at tg O1.96level.

The third analytical tier, Qualitative Comparative Analysis (QCA), bridges the
methodological gap between traditad quantitative multivariate statistical techniques
and qualitative case study analysis (Ragin, 1987). QCA is a deterministic data reduction
technique that uses Boolean algebra to simplify complex data structures. Popular in the
social sciences, QCA designed specifically for the study of cases as configurations or
as combinations of set memberships (Ragin, 1999). This analytical method allows a
researcher to focus on symptoms and behaviors as configurations, not as individual
features that correlatevhich is a limitation of traditional quantitative measures like
logistic regression analysis

Arrestrelated sudden deaths do not follow one specific path. They are often a
product of multiple conjunctures of causes. Different causal paths can |éadstonte
outcome, in this case, deathhe principle advantage of QCA lies in the recognition that
multiple causes or multiple sets of causes can produce the same outcome and that any
variable might or might not be causally related to an outcome depanuidmgcontext
and the nature of the other variables of the c&aply put, QCA can help to determine
whether certain combinations of attribupgedominate irdeaths involving an ECD.

As a technique, QCA can summarize data, check coherence withinahédat

existing theories and assumptions, test new ideas or theories, and elaborate new
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assumptions or theories (Rihoux, 2006). Several versions of QCA have emerged,
including crisp set QCA (csQCA), fuzzy set QCA (fsQCA), and multiple value QCA
(mvQCA). Dichotomous data, such as those used in this study, are common to csQCA.
In this study, the csQCA algorithm was used to analyze all 300 cases using
software available from the University of ArizohaThe use of a TASER ECD was set
as the outcome, and tbéher variables of cardiovascular disease, drugs present, excited
delirium, alcohol presengndthe combined variable ohental illnesglus psychotropic
medicationavere set as the causal conditions. No additional conditions or variables
outside highkrisk group theory were considered.

Research Hypotheses

From the results of previous arrestateddeathstudies described in Tableon
page 3, the average age of EQWoximate deaths appeaito be slightly younger than
all arrestrelated deaths. Consetly, the alternative hypothesis and null hypothesis to
test regarding ageere

Ha1: People who suffer an arrestlated sudden death following application of a
TASER ECD are younger than those who suffer an areéstied sudden death
absent the use e TASER ECD.

Ho1: People who suffer an arrestlated sudden death following application of a
TASER ECD are the same age as those who suffer an-aatasid sudden
death absent the use of a TASER ECD.

From the results of previous arrestated studiedescribed in Table @n page

39, women constituted between &iid 6.7 percent of all arrestlated deaths, but they

1 http://www.u.arizona.edu/~cragin/fsQCA/software.shtml
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constituted only 2.6 to 4.2 percent of Epibximate deathsFor the logit models,
female was assigned a value of 0, and male was adsagveue of 1. fie alternative
hypothesis and null hypothesis to test regardergvere

Ha2: Thefrequencyof a TASER ECD being involved in an arrestated sudden
death isnotthe same for men and women.

Ho2: Thefrequencyof a TASER ECD being invokd in an arrestelated sudden
death is tke same for men and women.

From the results of previous arrestated studies described in TablerBpage
40, the percentage ofl&cks in TASER ECEproximate deathwasslightly higher than
the percentage of Blaslon all arrestelated deathsFor the logit models, White was
assigned a value of 0. All other races and ethnicities were assigned a valuéhef 1. T
alternative hypothesis and null hypothesis to test regarding race/ethwecgy

Has: Thefrequencyof a TASER ECD being involved in an arrgstated sdden
death is not the same forhi¥es,Blacks, Hispanics, and all othexces and
ethnicities.

Hos: Thefrequencyof a TASER ECD being involved in an arrestated sudden
death is the same for Mles,Blacks, Hispanics, andlather races and
ethnicities.

Descriptions of the other variables of intedesardiovascular diseaggacemaker
or ICD, presence ofirugs history of drug abusexcited deliriumpresence of alcohpl
history of chronic alcohol abashistory of mental illnessanduse of psychotropic
medicationd weredescribed adichotomousariables either absent0) or presentl).

These analyses includeéata only from the sampl#ecause thenwasno way to
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predetermine whether news media mpwerea reliable source of that information

Significancewass e t a t0.05 ldve. The alternative hypotheses and null

hypotheses to test regardinggbetherpredictorvariables of interesvere

HA4:

H04:

HAGZ

H06:

HA7:

Thefrequencyof peoplewith cardiovasculadiseasssufferingarrestrelated
sudden death is not the sameT&ASER ECDproximate deathand norRECD
deatls.

Thefrequencyof people with cardiovascular diseases suffering arstated
sudden deaths is the same for TASER H&dximate deathand norRECD

deaths.

Thefrequencyof people with pacemakers or ICDs suffering arrekited
sudden death is not the same for TASER HfZ8ximate deaths and ndeCD
deaths.

Thefrequencyof people with pacemakers or ICDs suffering arrekited
sudden death is the same for TASER EfDximate deaths and ngeCD

deaths.

Thefrequencyof people currently usindrugssuffering arrestelated sudden
death is not the same for TASER EQbximate deaths and ndeCD deaths.
Thefrequencyof people currentlyusingdrugssuffering arrestelated sudden

death is the same for TASER E&ipoximate deaths and ndeCD deaths.

Thefrequencyof people with a history of drug abuse suffering afrektted
sudden death is not the same for TASER HfZ&ximate deaths and ndeCD

deaths.
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Ho7: Thefrequencyof people with a history of drug abuse suffering afrektted
sudden death is the same for TASER E@Dximate deaths and ndeCD

deaths.

Has: Thefrequencyof peopleexhibiting symptoms of ExDSuffering arrestrelated
sudden death is not the same for TASER Efzdximate deaths and ndeCD
deaths.

Hos: Thefrequencyof people exhibiting symptoms of ExDS suffering arretated
sudden death is the same for TASER E@Dximate deaths and n&CD

deaths

Hao: Thefrequencyof people intoxicated from alcohol suffering arrestated
sudden death is not the same for TASER HfZ8ximate deaths and ndeCD
deaths.

Hoo: Thefrequencyof people intoxicated from alcohol suffering arrestated
sudden death ihe same for TASER ECGPproximate deaths and ngeCD

deaths.

Haio: The frequencyof people with a history of chronic alcohol abuse suffering
arrestrelated sudden death is not the same for TASER -B@Rimate deaths
and noRECD deaths.

Hoioc Thefrequencyof people with a history of chronic alcohol abuse suffering
arrestrelated sudden death is the same for TASER {p@Rimate deaths and

nonECD deaths.
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Ha11:

Hoz1:

Ha12:

H012:

Thefrequencyof people with mental iliness suffering arreslated sudden
death is not the samerfBASER ECDproximate deaths and ndeCD deaths.
Thefrequencyof people with mental iliness suffering arrestated sudden

death is the same for TASER Eiboximate deaths and ndeCD deaths.

Thefrequencyof people taking psychotropic mediioas suffering arrest
related sudden death is not the same for TASER-E@Rimate deaths and
nonECD deaths.

Thefrequencyof people taking psychotropic medications suffering arrest
related sudden death is the same for TASER {p@Ximate deaths ahnon

ECD deaths.

154



CHAPTER IV

RESULTS
A thorough review of media data sources, the Internet, legal opinions, and data
from state records reveslthat1,060 arrestelated sudden deaths occurred in the United
Statedetween January, 2006 and Decemb@l, 2011 Analyss of the data begawith
a description of basic frequencies.

Descriptionof ArrestRelated Death Statistics

Summary by Year

The most arrestelated sudden deaths (233) occurred in 200& fewestleaths
(149) occurred in 2009Figurel, Total ArrestRelated Sudden Déwt by Yearshows
the number ofleaths by year from 2006 through 20T¥end analysis (y =15.26< +
230.07) indicates thatrrestrelated sudden deaths deasedon average, byglightly
more tharl5 deaths per yeai he coefficient and error terms in the trend equation were
truncated and rounded to two decimal places.
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Figure 1. Total Arrest-Related Sudden Deaths by Year
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Of the 1060 arrestelated sudden death&l8 deaths39.4 perceny followed the
application ofa TASER ECD. Although the other 642 deg#3.6 percentinight have
involvedthe use obtherforceoptions they did not involve the use of an ECD, according
to availableinformation Themost noRECD deathsind the most ECIproximate deaths
(153 andd0, respectively occurred in 2006. Thiewest norECD deathg74)were in
2008. The fewest EGPproximate death&9) occurredn 2011. Figure 2 NonECD
versus ECEProximate ArresRelated Sudden Deaths by Yesttpws the number of
deathan each grougrom 2006 through 2011Trend analysis indicatdékat on average,
nonECD deaths decreasatinost11.9 per yeafy =-11.8% + 148.60) and ECD
proximate deaths decreaseehrly3.4 per yeafy =-3.37%+ 81.47)from 2006 through
2011. The coefficient ad error termsn the trend line equationsgere truncated and

rounded to two decimal places.
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Figure 2. Non-ECD versus ECDProximate Arrest-Related Sudden Deaths by Year

The highest ratio of ECIproximate deaths to total arrestated sudden deaths
(0.50)wasin 2008 while the lowest ratid0.33)wasin 2007. Table 3, Ratio of ECD

ArrestRelated Sudden Deaths by Year, shows the numbers of deaths each year (All), the
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number of deaths that were not associated with the use of a TASER-ECD), the
numberof deaths that were proximatette use of ZASER ECD (ECD)and the ratio
of deaths associated with the use of a TASER ECD compared to aHratatstl sudden
deaths each ye@ECD/AIl). In no yeadid ECD-proximate deathexceechonECD
deaths, atliough the notECD and ECBproximate deaths were equal in 2008e ratios
in Table 13were truncated and rounded to two decimal places

Table 13. Ratio of ECD Arrest-Related Sudden Deaths by Year

Year All ~ECD ECD ECD/AI
2006 233 153 80 0.34
2007 217 146 71 0.33
2008 148 74 74 0.50
2009 146 82 64 044
2010 148 78 70 0.47
2011 168 109 59 0.35
Total 1,060 642 418 0.3

Summary by Month

More arrestrelated sudden deat(is27)occurred in Julghan occurredh any
other month. The feweatrestrelaied suddemeaths per mont{62) occurred in
February. July had the mosdnECD death480), while the most ECBproximate
deathg55) occurred inAugust The fewest nofECD deathsnd the fewest ECD
proximate death@7 and23, respectively occurred inFebruary In no month did ECP
proximate deaths exceed RB&D deaths.

Interestingly, the greatest number of deaths in each catdgtalarrestrelated
sudden death®ionECD deaths and ECDproximatedeath$ occurred during the
summemonths of July ath August and the fewest occurred in FebruaFRrgure3,

ArrestRelated Sudden Deaths by Mondlisplays a comparison tfe arrestelated
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suddendeaths by manthof the year. Figurd, NonECD versus ECBProximate Sudden
Deaths by Month, displays a coarson ofnon-ECD and ECBproximate suddedeaths
by month of the year.
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Figure 3. Arrest-Related Sudden Deaths by Month
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Figure 4. NonECD versus ECDProximate Sudden Deaths by Month

A direct comparison of deaths per month can be misleading sincésritate

different numbers of days. For example, February had only 169 days, including one leap
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day, during the six years of the study, but January had 186 days. Therefore, better to
understand deaths per month, TalkleRatio of ArrestRelated Sudden R¢hs per
Month, displays arreselated sudden deaths, RB&D deaths, and EGProximate
deaths as a ratio of the number of daysanhmonth.

In January, for instance, there were 77 arelstted sudden deaths (All) in 186
days, for a ratio of 0.41 ddwt per day (All/Day). There were 42 nB&ED deaths
(~ECD) for a ratio of 0.2 deaths per day-ECD/Day) and 35 ECBEproximate deaths
(ECD) for a ratio of 0.9 deaths per day (ECD/Daypn average, from 2006 through
2011,0.48 arrestelated sudden deatbscurred every day, or about one death every 49.6
hours. A norECD death occurred about every 81.9 hours, and-gp@Rimate deaths
occurred about once every 125.7 hours. All ratios in Table 14 were truncated and
rounded to two decimal places.

Table 14. Ratio of Arrest-Related Sudden Deaths per Month

[Month All Al/Day ~ECD -~ECD/Day ECD ECD/Day
January 77 041 42 023 35  0.19
[[February 62 0.37 37 0.22 25 0.15
[March 78 0.42 48  0.26 30 0.16
April 78  0.43 42 023 36 0.20
[May 92 050 56  0.30 36  0.19
June 89  0.49 60 0.33 29  0.16
July 127 0.68 80  0.43 47 025
August 122 0.66 67  0.36 55  0.30
September 94  0.52 61 034 33 018
[[October 83 0.45 53 0.29 30 0.16
[November 76 0.42 41 023 35 0.9
[December 82 0.44 55  0.30 27 015
Total 1,060 0.48 642  0.29 418 0.9
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Summary by State

As one might expect, the most populous sthi@d the most arrestlated sudden
deaths.Californialed theUnited Statesvith 255 arrestelated sudden deaths and 84
TASER ECDproximate deathsTexaswas second in both categoriggh 218arrest
related suddedeaths and 38 EGProximate deathsTexashad the most necECD
deathswith 180, fdlowed by California with 17Heaths FourstatesNew Hampshire,
North Dakota, South Dakota, and Wyomihgd no reported arrestlated sdden deaths
during the research period.

Table B, Comparison of StatésArrestRelated Sudden Deathsts the arrest
related sudden deatlibenonECD deathsthe ECD-proximate deathsand the ratio of
ECD-proximate deaths to arrestlated sudden déatin each of the 50 states for the
research periodlt also compareall the arrestelated sudden deaths to theal arrests
compiledfrom each state ;eporstot he Feder al Bureau of I nves
Crime Reports UCR) from 2006 through 2011.

For instance, Alabama had 18 arredaited deaths (All). Nine of those deaths
were noRECD deathsECD), and nine were EGProximate deaths (ECD). The ration
of ECD-proximate deaths to all arrestlated deaths (ECD/AIl) was 0.50. Alabama
reportedd52,391 deaths to the UCR from 2006 through 2011 (Six Year Arrest Totals).
Thus, Alabama had 1.89 arrestated deaths for every 100,000 arrests (Deaths per
100,000 Arrests).

The difference between arresiated sudden deaths in California and Texas, 255
and 218 respectively, and the next highest total, 49 in Flosidayrthy of note. It

appears unlikely that such a large difference is due to differences in population or
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Table 15. Comparison of Stated Arrest-Related Sudden Deaths

State Al ~ECD ECD ECD/AIl Six-Year Deaths per
Arrest Totals 100,000 Arrests
Alabama 18 9 9 0.50 952,391 1.89
Alaska 3 3 0.00 235,906 1.27
Arizona 16 6 10 0.63 1,872,556 0.85
Arkansas 8 5 3 0.38 702,125 1.14
California 255 171 84 0.33 8,647,549 2.95
Colorado 13 4 0.69 1,325,578 0.98
Connecticut 12 3 9 0.75 726,861 1.65
Delaware 1 0 1 1.00 241,938 0.41
Florida 49 15 34 0.69 6,428,061 0.76
Georgia 21 11 10 0.48 1,847,636 1.14
Hawaii 2 2 0 0.00 273,581 0.73
Idaho 1 1 0 0.00 413,592 0.24
lllinois 29 14 15 0.52 990,628 2.93
Indiana 12 6 6 0.50 1,157,971 1.04
lowa 5 4 1 0.20 663,028 0.75
Kansas 21 15 0.29 457,303 4.59
Kentucky 9 6 3 0.33 631,198 1.43
Louisiana 24 8 16 0.67 877,074 2.74
Maine 2 2 0 0.00 334,867 0.60
Maryland 21 9 12 0.57 1,658,606 1.27
Mass&husetts 6 6 0 0.00 860,012 0.70
Michigan 13 4 9 0.69 1,737,353 0.75
Minnesota 2 4 0.67 968,272 0.62
Mississippi 1 5 0.83 649,211 0.92
Missouri 17 8 9 0.53 1,910,394 0.89
Montana 0 2 1.00 146,487 1.37
Nebraska 5 1 0.17 510,989 1.17
Nevada 12 5 7 0.58 963,422 1.25
New Hampshire 0 0 0 - 264,618 0.00
New Jersey 31 31 0 0.00 2,230,818 1.39
New Mexico 5 1 4 0.80 544,503 0.92
New York 28 17 11 0.39 1,980,636 141
North Carolina 26 17 0.65 2,567,865 1.01
North Dakota 0 0 0 - 161,973 0.00
Ohio 27 10 17 0.63 1,536,740 1.76
Oklahoma 12 3 9 0.75 916,117 1.31
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Oregon 9 2 7 0.78 808,489 1.11
Pennsylvania 22 10 12 0.55 2,727,091 0.81
Rhode Island 6 5 1 0.17 198,114 3.03
South Carolina 18 12 6 0.33 1,142,289 1.58
South Dakota 0 0 0 - 143,358 0.00
Tennessee 18 10 8 0.44 1,919,959 0.94
Texas 218 180 38 0.17 6,629,333 3.29
Utah 3 1 2 0.67 652,241 0.46
Vermont 2 2 0 0.00 82,057 2.44
Virginia 19 12 7 0.37 1,948,499 0.98
Washington 16 9 0.56 1,271,309 1.26
West Virginia 2 0 0.00 259,185 0.77
Wisconsin 8 5 0.63 2,245,152 0.36
Wyoming 0 0 - 227,515 0.00
Totals 1,060 642 418 0.39 68,642,450 1.54

police contacts. Even when calculated as a ratio of awkded deaths per 100,000

arrests, California (2.95) and Texas (3.29) still haneh higher rates than Florida

(0.76). Although differences in police procedures and policies might account for some of
the difference, it seems more likely that the mandatory reporting requirements in
California and Texas contribute to the public avallty of information in those states.
Consequently, it might be easierndentify incidents inCalifornia and Texaand more

difficult to find cases elsewhere.

Summary by Agency

Severalaw enforcement agenciegperienced more than one arresated
sudden death. The Los Angeles Police Departmenthiechosiarrestrelated sudden
deaths withd7. Six of those deathd 2.8 percentwere ECDproximatedeaths In
jurisdictions thathadfive or more deaths, only Z¥percent were ECIproximatedeaths
Table B, Comparison of AgencigsArrestRelated Sudden Deaths,a listing of the

jurisdictions with five or more arreselated sudden deatfll), nonrECD deaths
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(~ECD), ECDproximate deaths (ECDand a description of thatio of ECDproximate
deahsto arrestrelated deaths (ECD/AIl)The ratiogn Table 16were truncated and
rounded to two decimal places.

On the extremes of the ratios, the Oklahoma City Police Department had six
arrestrelated sudden deaths, all of which were E@Dximate deathsThe New Jersey
State Police and the Sacramento Police Department each had fiveedatest sudden
deaths, none of which was an E@Bbximate death. One should note, however, that the
state of New Jersey did not authorize the use of ECDs duringutiheeriod. In the six
jurisdictions with the most arrestlated sudden deathd.os Angeles (California) Police
Department, Dallas (Texas) Police Department, Houston (Texas) Police Department,
California Highway Patrol, New York (New York) Police Depagtmy and San Antonio
(Texas) Police Departmeéhntthe ratio of ECDrelated deaths to arrestlated sudden
deaths did not exceeded 20 percent. Tweigit jurisdictions had five or more arrest
related sudden deaths. In 14 of those jurisdictions, theafdi@D-proximate deaths to
arrestrelated sudden deaths was less than or equal to 25 percent. In nine jurisdictions,
the ratio was greater than 25 percent but less than or equal to 50 percent. In three
jurisdictions, the ratio was greater than 50 perbentess than or equal to 75 percent,
and in the remaining two jurisdictions, the ratio was greater than 75 percent.

Because of differences in population, in the number of citizen contacts, and the
number of arrests in each agency, a direct comparisamestrelated sudden deaths by
agency is misleading. A better measure would be the number of deaths per 100,000
arrests, but that information is not consistently available for all of the law enforcement

agencies for all the years of the study. Consettyyenproxy measure is necessary. The
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Table 16. Comparison of Agencie$ Arrest-Related Sudden Deaths

Agency State Al ~ECD ECD ECD/Al
Los Angeles Police Department CA 47 41 6 0.13
Dallas Police Department TX 28 25 3 0.11
Houston Police Department TX 26 21 5 0.19
California Highway Patrol CA 19 17 2 0.11
New York Police Department NY 13 11 2 0.15
San Antonio Police Department TX 13 11 2 0.15
Los Angeles County Sheriff's Office CA 12 3 9 0.75
Chicago Police Department IL 10 6 4 0.40
Harris Couny Sheriff's Office TX 9 5 4 0.44
Las Vegas Metropolitan Police Departmer NV 9 4 5 0.56
Long Beach Police Department CA 8 6 2 0.25
Riverside County Sheriff's Office CA 8 5 3 0.38
Bakersfield Police Department CA 7 6 1 0.15
Corpus Christi Police Depanent TX 7 5 2 0.29
San Diego Police Department CA 7 6 1 0.14
San Jose Police Department CA 7 4 3 0.43
Fort Worth Police Department TX 6 4 2 0.33
Oklahoma City Police Department OK 6 0 6 1.00
San Bernardino Police Department CA 6 3 3 0.50
Baltimore Pdice Department MD 5 2 3 0.60
Birmingham Police Department AL 5 3 2 0.40
Jacksonville Sheriff's Office FL 5 3 2 0.40
Kansas City Police Department KS 5 4 1 0.20
Kern County Sheriff CA 5 1 4 0.80
New Jersey State Police NJ 5 5 0 0.00
Sacrameto Police Department CA 5 5 0 0.00
Seattle Police Department WA 5 4 1 0.20
Tucson Police Department AZ 5 4 1 0.20
Total 293 214 79 0.27

UCR lists the number of sworn officers in each agency, except for the California
Highway Patrol and the New Jersgtate Police. However, the respective state crime
reports do list those numbers. Table 17, Ratio of AResated Sudden Deaths to

Officers Employed, provides a description of arresated sudden deaths per agency
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(All), the number of sworn officenis each agency (Number of Officers), and a ratio of
arrestrelated deaths per 1,000 officers (Deaths per 1,000 Officers). The deaths are a total
of arrestrelated sudden deaths from 2006 throg@thl. The number of officers is the

number of sworn officereach agency reported to the UCR for 20Ike ratios vary

widely from a low of 0.38 in the New York Police Department to a high of 20.27 in the

San BernardingCalifornia) Police Department. The mean number of deaths was 2.62.

Logistic Regression Anadys

Two logistic regression (logit) models were constructed. In each model, the use
of a TASER ECD (ECD) was set as a dichotomous dependent variable with values of 0
(no) and 1 (yes)Age was set as a continuous variable with values ranging from 16 to 87
the range of ages of the deceased within the populaBexwas set with dichotomous
values of O (female) and 1 (maldRace/ethnicity was set with dichotomous variables of
0 (White) and 1 (all other races and ethnicities). The other predictor leariaere set
with dichotomous values of 0 (the variable was not observed) and 1 (the variable was
observed).

In model one, use of an ECD was regressed on the primary tenets-oskigh
group theory, age (AGE), cardiovascular disease (CVD), implantalliocarter
defibrillators (ICD), drugs present (DAP), a history of drug abuse (HDA), excited
delirium (ExDS), alcohol present (AP), history of chronic alcohol abuse (HCAA), mental
illness (MT), and psychotropic medications (PM). Additionally, sex and esweitity
were added to the model to determine whether those variables had an effect on the

frequency of deaths involving an ECD.
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Table 17. Ratio of Arrest-Related Sudden Deaths to Officers Employed

Agency State  All  Number of Deaths per
Officers 1,000 Oficers

Los Angeles Police Department CA 47 9,860 4.77
Dallas Police Department TX 28 3,511 7.97
Houston Police Department X 26 5,294 491
California Highway Patrol CA 19 7,417 256
New York Police Department NY 13 34,542 0.38
San Antonio Police Deptment TX 13 2,324 5.59
Los Angeles County Sheriff's Office CA 12 9,197 1.30
Chicago Police Department IL 10 12,092 0.83
Harris County Sheriff's Office TX 9 2,212 4.07
Las Vegas Metropolitan Police Departmer NV 9 2,644 3.40
Long Beach Police Departme CA 8 847 9.45
Riverside County Sheriff's Office CA 8 2,021 3.96
Bakersfield Police Department CA 7 347 20.17
Corpus Christi Police Department TX 7 428 16.36
San Diego Police Department CA 7 1,834 3.82
San Jose Police Department CA 7 1,103 6.35
Fort Worth Police Department TX 6 1,509 3.98
Oklahoma City Police Department OK 6 1,020 5.88
San Bernardino Police Department CA 6 296 20.27
Baltimore Police Department MD 5 2,931 1.71
Birmingham Police Department AL 5 877 5.70
Jacksonville Sheriff's Oife FL 5 1,645 3.04
Kansas City Police Department KS 5 1,387 3.60
Kern County Sheriff CA 5 838 5.97
New Jersey State Police NJ 5 2,741 1.82
Sacramento Police Department CA 5 678 7.37
Seattle Police Department WA 5 1,305 3.83
Tucson Police Deartment AZ 5 949 5.27
Total 293 111,849 262

Model two was a more parsimonious model. Only two cases presented with a
pacemaker or implantable cardioverter/defibrillator, and both of those cases were
diagnosed with cardiovascular disease. One caseamorECD death, and one case

was an ECEproximate death. Because it appeared that consideration of the ICD variable
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could add little to the analysis, the ICD variable was dropped from model two.
Additionally, in five cases, medical examiners and censdid not record mental illness
in the autopsy report, but toxicology reports indicated the presence of psychotropic
medications. Such medications are not generally consumed for recreational pwgoses,
it waslikely that the deceased was taking thentreat a mental illnessVioreover,
mental illness is not observable at autopsy. Toxicology tests can reveal the existence of
drugs and medications, but there is no poettem test for mental illnesdMedical
examiners or coroners might have beeticentto document a mental illness in the
autopsy reponvithout supporting medical documentatiofddditionally, collinearity
computations indicate that mental illness and psychotropic medications are collinear
( adj us {19=100.2R). Tlereforethemental iliness and psychotropic medications
variables were reoded to combine them into one mental illness variable (MNTL) for
model two. Table 18, Logistic Regression Analysis of Attribute Data, contains the output
for thelogit models. Appendix D, SATA Regression Model Tables, contains the
complete tables for all logit models. Significance wassgt@ 1. 9 6 .
Demographics

Age is a tenet of highisk group theory, but sex and race/ethnicity are not.
Nonetheless, data regarding the sex and race/ethnicity factors ofralaesd sudden
deaths are included to aid in understanding potential demogrdfgutsen arrest
related sudden deaths and higgk group theory.
Age Analysis

For the 1,054 cases in the sampling frame for which age data are available, the

mean age of ECIproximate deaths is 36.86 years, which is 1.5 years younger than the
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Table 18.Logistic Regression Analysis of Attribute Data

Model 1 Model 2
ECD O.R. Coef. Y4 O.R. Coef. Z
AGE 0.9828 -0.0174 -1.33| 09827  -0.1747  -1.43
SEX 3.1898 1.1600 1.77| 2.8032 1.0308 1.75
RACE 0.9563 -0.0446 -0.17 1.0463 0.0452 0.18
CVD 0.9703 -0.0301 -0.11 1.0293 0.2890 0.11
ICD 3.2036 1.1643 0.73 - - -
DAP 0.5376 -0.6206 -1.92| 05265  -0.6415  -2.06
HDA 1.2590 0.2303 0.55 1.2110 0.1915 0.47
ExDS 2.5650 0.9419 3.01| 2.8145 1.0348 3.37
ETOH 1.0847 0.0813 0.26 1.0537 0.0523 0.17
HCAA 0.2303 -1.4683 -2.43| 0.2430  -1.4148  -2.37
MT 9.6608 2.2680 2.81 - - -
PMED 0.2008 -1.6054 -1.86 - - -
MNTL - - - 1.8665 0.6240 1.43
_CONS - -0.2007 -0.23 - -0.1370  -0.16
Observations = 299 | Observations = 299
L R?(82) = 49.23| L R ?(%0) = 38.87
Pseudd?? = 0.12 | Pseudd?? = 0.09
fieihood = 18265 o g = -1878l

mean age of 38.36 years for ABED deaths. The 95 percent confidence interval (Cl) of

the differences of the mean ages is @Qdl3.87 years. The median age of ECD

proximate deaths is 36, and the median age of5©@D deaths is 37. The mode for ron

ECD deaths is 34 years. The mode for E@Dximate deaths is 28 years. Age ranges

are comparable for both groups. The age rdoigeonECD deaths is 68 years (ages 17

to 85). The age range for EGoximate deaths is 71 years (ages 16 to 87).

For the sample of 300 cases, the mean age of Gkimate deathis 37.16

years, or 2.67 years younger than the mean age of 39.83 yeaostto€D deaths. The

Cl of the difference in the sample mean agés20 to 5.15 years. The difference2087
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yearsis within the Cl of 0.13 to 2.87 years for the mean age difference qiojnaation
meaning the differenda ages between the popudat and the samplis not statistically
significant. The median age for Edioximate deaths 37 years, and the median age
for nonECD deathss 39.5 years. The mode for n&CD deathss 41 years. The mode
for ECD-proximate deathts 36 years.The ae range fononECD deathss 55 years
(agesl9 to 74 years)The age rangtor ECD-proximate deaths 71 years (ages6 to

87 years).

The hypotheses related to age in hitgk group theoryare

Ha1: People who suffer an arrestlated sudden death limiving application of a
TASER ECD are younger than those who suffer an are¢stied sudden death
absent the use of a TASER ECD.

Ho1: People who suffer an arrestlated sudden death following application of a
TASER ECD are the same age as those whorsafffarrestelated sudden
death absent the use of a TASER ECD.

Concerning the ages in the sampling frame, the observed difference of 1.5 years
corresponds to &statistic of 2.15, a small effect size of 0.13, and a statistically
significant probability ©0.03. Concerning the ages in the sample, the observed
difference of 2.67 years corresponds testatistic of 2.13, a moderate effect size of 0.25,
and a statistically significant probability of 0.03. From ttest analysis, considering the
age varable in isolation, it appears that TASEpRoximate deaths are about 1.5 to 2.7
years younger, on average, than4iD deaths.

Both logit models indicate that EGpProximate deaths are younger than 4D

deaths, witlz-scoresof -1.33 for model one and..43 for model twq however,neitherof
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the z-scoregs statistically significant. The significance evident in thests disappear

in the logit models thatontrol for otheipredictor variablesTable 19, Age Data for
ArrestRelated Sudden Deaths, caints the descriptive areest statistics for the age

data from thgopulation in thesampling frame anffom thesampleof 300 cases The

logit outputs are contained in Table 18 on pagg I8onsequently, thebserved

difference in agebetween notECD and ECDproximatedeathan the sample, while

holding constant the other predictor variables, is insufficiently large to conclude that the
difference ismore than groduct of sampling error.

Table 19. Age Data for ArrestRelated Sudden Deaths

Population Sample
Non-ECD ECD Non-ECD ECD
N 636 418 150 150
Mean 38.36 36.86 39.83 37.16
Median 37 36 39.5 37
Mode 34 29 41 36
Range 171 85 1671 87 197 74 167 87
IQ Range 2971 46 2971 43.75 317 47.75 30.251 43
SEM 0.45 0.53 0.91 0.86
SD 11.33 10.74 1116 10.59
<20 1.4% 2.4% 0.7% 3.3%
2071 29 24.1% 25.6% 21.3% 20.0%
3071 39 30.0% 34.0% 28.0% 37.3%
407 49 25.8% 26.8% 29.3% 30.0%
5071 59 15.6% 8.9% 18.0% 6.7%
607 69 2.3% 1.7% 2.0% 2.0%
o070 0.8% 0.7% 0.7% 0.7%
df=1,052t=2.15 df=298,t=2.13
SE=0.53,p=0.03 SE=1.26,p=0.03
r=0.07,d=0.13 r=0.13,d=0.25

The mean agdor all arrestrelated sudden deatt8/.8yearsin thepopulation

and 3825 years in the samplareolder than the mean age38.7 yearsn two previous
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studies of arrestelated deaths (Ho, Heegaard, et al., 2009; Southall, et al, ZDB8).
mean age of ECIproximate deaths in th@pulation 86.8 yearsand in the samplE7.2
yearg arebetwea 0.9and 2.4 yearslder than thenean ages dietweer34.8 years and
35.9 years in three previous studies of E@Dximate deaths (Strote, et al., 2005; White,
et al., 2013; Williams, 2008). Tab®®, Comparison of Age Results to Previous Studies,
compaes the age data of the current study to six previous studies.

Sex Analysis

Because publicly available sources identified the sex of every deceased, it is
possible to analyze sex data for the 1,060 cases in the population. Men constitute the
clear majoriy of arrestrelated sudden deaths (94.2 percent). They are 91.6 percent of
nonECD deaths, and 98.1 percent of E@Dximate deaths. In the sample, males
constitute 93.7 percent of all arrestated sudden deaths, 90.0 percent ot BGD
deaths, and 93.percent of ECEproximate deaths.

The hypotheses related to sex in higtk group theory are:

Ha2: The frequency of a TASER ECD being involved in an amrelsited sudden
death is not the same for men and women.

Ho2: The frequency of a TASER ECD beingoitved in an arrestelated sudden
death is the same for men and women.

Concerning sex data in the population, the observed difference corresponds to a
&-statistic of 19.41, a moderate effect size of 0.25, and a statistically significant
probability of less than 0.01. Concerning sex data in the sample, the observed differenc
corr es p Gsiatistic of 6080, a snwll effect size of 0.15, and a statistically

significant probability of less than 0.01, which indicates that the difference in sex in the
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Table 20. Comparison of Age Results to Previous Studies

Study

Age Descrption

Sample

(2008)

Southall, Grant, Fowler, and Scc Range 20 68 years of age 45 arrestelated deaths in

Mean 35.7 years of age

Maryland 1990 2004

Ho, HeegaardDawes, Matarajan,
Reardon, and Miner (2009)

Range 15 75 years of age

Median 35.7 yes of age

162 arrestelated deaths May 200
i April 2005

Current Study

Range 16 87 years of age

Mean 37.8 years of age

1,060 arrestelated sudden deaths
in the U.S. 2006 2011

Burch (2011) O 17 ye¢ 2.6% 4,813 arrestelated deaths reportg
1871 24 years 18.9% to Deaths in Custody
251 34 years 28.9% Reporting Program 2003
3571 44 years 25.7% 2009
4571 54 years 15.6%
055 years 6.6%
Unknown 1.6%
Current Study O 17 0.8% 1,060 arrestelated sudden deathj
181 24 years 9.8% in the U.S. 2006 2011
2571 34 years 31.7%
3571 44 years 30.1%
457 54 years 20.3%
O55 years 6.8%
Unknown 0.6%

Strote, Campbell, Pease,
Hamman, and Hutson (2005

Range 18 46 years of age

Mean 34.8 years of age

28 ECDproximate deaths 2001
2005

Williams (2008)

Range 17 65 years of age

Mean 35.5 years of age

213 ECDproximate deaths 1983
2005

Current Study

Range 16 87 years of age

Mean 36.8 years of age

418 ECDproximate deaths in the
U.S. 2006 2011

White, Ready, Riggs, Dawes,

Mean 35.9 years of age

392 ECDproximate deaths 2001

Hinz, and Ho (2013) O 20 ye: 2.6% 2008
217 30 years 28.2%
317 40 years 37.7%
417 50 years 24.8%
5171 65 years 6.6%
Current Study Mean 36.8 years of age =~ 418 ECDproximate deaths in the
O 20 ye: 3.3% U.S. 2006" 2011
217 30 years 27.5%
317 40 years 33.7%
417 50 years 26.1%
517 65 yeas 8.4%
> 65 1.0%

nonECD and ECBproximate groups is independent. Table 21-8&duare Contingency

Table for Sex D Aadaleulatioss fonsexadata iz teessamtplmgframae.
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Table 21. ChiSquare Contingency Table for Sex Data

Sampling Frame Sample

Female Male Total Female Male Total

Non-ECD 54 588 642 15 135 150
(8.4%)  (91.6%) (10.0%)  (90.0%)

ECD 8 410 418 4 146 150
(1.9%)  (98.1%) (2.7%)  (97.3%)

Total 62 998 1,060 19 281 300
(5.8%)  (94.2%) (6.3%)  (93.7%)

df= f319d1p< 0. 0-014 | df= f56.80,p< 0. 0-0.15

Yat €8s5662p=.0Ral|

The logit models indicate that men are about 2.8 to 3.2 times more likely to be
involved in ECDproximate deaths than are women. However, otlimg for the other
predictor variables, that difference is statistically insignificant in all three modelsz- The
scores for seare 1.77 in model one and 1.75 in model.tv@onsequently, the difference
in sex in the observed sample, while holding tamisthe other predictor variables, is
insufficiently large to conclude that the difference is more than a product of sampling
error. The logit outputs are contained in Table 18 on page 168.

The findings of the current study closely reflect the resulg@fious studies.
Males constitute between 93.3 percent and 96.3 percent of altraietstd deaths in
three previous studies (Burch, 2011; Ho, Heegaard, et al., 2009; Southall, et al., 2005). In
two previous studies of EGProximate deaths (White, at., 2013; Williams, 2008),
malesarebetween 95.8 percent and 97.4 percent of the deaths. Talilerparison of
Sex Related Findings, compares the findings of the current study with five previous
studies of arrestelated deaths.

Race/Ethnicity Analvyis

Race/ethnicity data are missing for 204 of the 1,060 cases in the population.

Since about 19.2 percent of the data are missing, no statistical calculations are made
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Table 22. Comparison of Sex Related Findings.

Study Male Female Sample
Southall, Grat)y Fowler, and 93.3% 6.7% 45 arrestrelated deaths in Maryland 1990
Scott (2008) 2004
Ho, HeegaardDawes, 96.3% 3.7% 162 arrestelated deaths May 20G4April
Matarajan, Reardon, and 2005
Miner (2009)
Burch (2011) 95.4% 4.5% 4,813 arrestelated deths reported to Deaths
in Custody Reporting Program 2003
2009
Current study 94.2% 5.9% 1,060 arrestelated sudden deaths 2008011
(sampling frame)
Current study 93.7% 6.3% 300 arrestelated sudden deaths 2008011
(sample)
Williams (2008) 95.8% 4.2% 213 TASER ECDproximate deaths 1983
2005
White, Ready, Riggs, Dawes, 97.4% 2.6% 392 TASER ECDBproximate deaths 2001
Hinz, and Ho (2013) 2008
Current study 98.1% 1.9% 418 TASER ECDproximate deaths 2006
2011 (sampling frame)
Current study 973% 2.7% 150 TASER ECDBproximate deaths 2006

2011 (sample)

regarding the race/ethnicity of the sampling frame. Datum on race/ethnicity is missing

from one case in the sample.

Whites comprise 41.6 percent (62 cases) of theE®D deaths, more than any

other race or ethnicity. Blacks, however, have the most-pORimate deaths with 69

(46.0 percent). Deaths for Hispanics and other races/ethnicities are consisterthacross

categories.Figure 5, ArresRelated Sudden Deaths by Race/Ethnicity, cansistwo

pie charts thadisplaythe percentages of WhgeBlacks, Hispanics, and all other races

and ethnicities for neECD and for ECEproximate deaths.

The hypotheses related to race/ethnicity in frigh group theory are:

120.1% wereunknown omwerenot reported
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M White

M White
M Black M Black
M Hispanic M Hispanic
® Other ® Other
Non-ECD ECD-proximate

Figure 5. Arrest-Related Sudden Deaths by Race/Ethnicity

Has: The frequency of a TASER ECD being involved in an afrelstted sudden
death is not the same for Whites, Blacks, Hispanics, and all other races and
ethnicities.

Hos: The frequency of a TASER ECD being involvedan arrestelated sudden
death is the same for Whites, Blacks, Hispanics, drathadr races and
ethnicities.

Concerningherace/ethnicitydatain the sample, the observed difference
corr es p Gstafistic of 140, asmati effect size of 0.06nd astatistically
insignificant probability of 0.78which indicates that the difference in race/ethnicity in
the norRECD and ECBproximate groupss independent Table 23, ChBquare
Contingency Table for Race/Ethnicity Data, summarizestcalculatons for
race/ethnicity data in the samplia the logit models, race/ethnicitycoded as a
dichotomous variable, White (0) and all other races and ethnicitieFli£)z-scoresn
the logit models were).17in model one an@.18in model twq indicating that the
difference in race/ethnicity in the observed sample, while holding constant the other
predictor variables, is insufficiently large to conclude that the difference is more than a

product of sampling errorThe logit outputs are contained in T@li8 on page 16
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Table 23. ChiSquare Contingency Table for Race/Ethnicity Data

Black White Hispanic  Other Total

Non-ECD 60 62 23 4 149
(40.3%)  (41.8%) (15.86)  (2.7%)

ECD 69 56 22 3 150
(46.06)  (37.3%6) (14.7%)  (2.0%)

Total 129 118 45 7 299

(43.1%)  (39.4%) (15.1%)  (2.3%)

dfi= 3s116p= 0. 78, VEL.OBmM®r
Yat €6s0G669p=.88at eds

Cardiovascular Disease Analysis

The second most frequently occurring variable in the sample is cardiovascular
disease. Of the sample of 300, medical examiners and coronentscamaliovascular
disease in 16464.7 percent Cardiovascular diseasggmore prevalent in the neBCD
group(86 casepsthan in theECD-proximate grouff78 cases The mean age at time of
death for all cases with cardiovascular diseadd.0 years.For norECD deaths, the
mean ages 42.6 years. For ECproximate deaths, the mean ag89.3 years.

The hypothess related to cardiovascular disease in frigk group theoryare

Has: Thefrequencyof people with cardiovascular diseases sufferingsaretated
sudden death is not the same for TASER Hft&ximate deaths and ndeCD
deaths.

Hos: Thefrequencyof people with cardiovascular diseases suffering aretated
sudden deaths is the same for TASER H&dximate deaths and ndbCD
deaths.

Concening cardiovascular diseaskatain the sample, the observed difference
corr es p Gsialisic of 8Gammati effect size of 0.05, andstatistically

insignificant probability of B5, which indicates that the difference in cardiovascular
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disease in the neBCD and ECDBproximate goupsis independentTable 24, Chi

Square Contingency Table f@ardiovascular Diseassummarizes the” calculations for
cardiovascular disease data in the sampiehe logit models, the-scores rangéom

-0.11 in model one t6.11in model two, indicating that the difference in cardiovascular
disease in the observed sample, while holding constant the other predictor variables, is
insufficiently large to conclude that the difference is more than a product of sampling
error. The logit outputsra contained in Table 18 on page 168.

Table 24. ChiSquare Contingency Table for Cardiovascular Disease

No Yes Total
Non-ECD 64 86 150
(42.7%)  (57.3%)
ECD 72 78 150
(48.0%)  (52.0%)
Total 136 164 300
(45.3%)  (54.7%)
di= f5086p= 0. 35,

Pacemakers and ICDs Analysis

Autopsy reports document oo cases in the samphath a pacemaker or ICD.
One casés a norECD death of a 74earold male. The other caggan ECDproximate
death of a 66/earold male. Insufficient data existfor ¢ statistical analysisf the Hs
and Hys hypotheses Consequently, there is no contingency table for this varidlngit
model one assigrithe ICD variable a-score of 0.73, indicating that the observed
differenceis not statistically significant. The logit outputs are contained in Table 18 on
page 18.

DrugsAnalysis

The presence afrugsis the mostrequently occurringzariable in the study.

Toxicology reports demonstrate that 2Xhe 300 cases in the stu(B.0 percenthave
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drugsin their systems at autopsy. More ABGD caseshan ECDproximate cases
present withdrugs 115 to 104, respectivelyThe reports document Idomenwith drugs
in their systems. Three of thoséwomen(24.1 percentareECD-proximate deaths.
Toxicology reports document 208enwith drugsin their systens. Of those205men,
49.3 percen(101)areECD-proximate deathsCocaines present in the most cases
(140), followed by amphetamines (57) and marijuana (5aple 25, Typs ofDrugs
Present, details the type of drugs present in the toxicology reportsazfsben the

sampé. Because some cases present with more than one type offeéruginibers add

to more than 219.

Table 25.Types of Drugs Present

Amphetamine Cocaine LSD Marijuana  Opiates PCP None
Non-ECD 29 77 1 25 21 4 35
(19.3%) (51.3%) (0.7%) (16.7%) (14.0%) (2.7%) (23.3%)
ECD 28 63 0 26 14 9 45
(18.7%) (42.0%) (0.0%) (17.3%) (9.3%) (6.0%) (30.0%)
Total 57 140 1 51 35 13 80
(19.0%) (46.7%) (0.3%) (17.0%) (11.7%) (4.3%) (26.7%)

The hypotheses related to usohgigsin high-risk group theoryare
Has: Thefrequencyof people currently usindrugssuffering arrestelated sudden
death is not the same for TASER EQbximate deaths and ndeCD deaths.
Hos: Thefrequencyof people currently usindrugssuffering arrestelated sudden
death is the same for TASER Eiboximate deaths and ndeCD deaths.
Concerningdrug datan the sample, the observed differebetween notECD
and ECDproximate deathsorresponds ta -statistic 0f2.05 asmall effect size of
0.08, and a atistically insignificant probability of 0.15vhich indicates that the

difference in drugs present in the RBED and ECDBproximate groupss independent.
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Table 26, ChiSquare Contingency Tabl f or Drugs Predent,
calculations for drugs data in the sample.

Table 26. Chi-Square Contingency Table forDrugs Present

No Yes Total
35 115 150
Non-ECD (23.3%)  (76.7%)
46 104 150
ECD (30.7%)  (69.3%)
ot 81 219 300
(27.0%)  (73.0%)
df= f£z208p= 0. 15,

In logit model one, which considers the primary variables of-higihgroup
theory, thez-scorefor drugsis -1.92,indicating that the difference in drugs in the
observed sample, while holding constant the ropiedictor variables, is insufficiently
large to conclude that the difference is more than a product of samplingléowever,
in model two, which excludghe ICD variable and collapsed the mental illness and
psychotropic medications variables, thgecoreis -2.06,indicating that the difference in
drugs in the observed sample, while holding constant the other predictor varsables,
sufficiently large to conclude that the difference is more than sampling error.
Additionally, az-score of-2.06 indi@ates thatlrugsaremore likely to be involved in nen
ECD deaths than in EGproximate deaths. Odds ratios in models one and two
(truncated and rounded to two decimal plaeeep.54 and 0.53, respectiveindicating
that drugs are about 1.9 more likétybe involved in notfECD deaths than in EGD
proximate deathsThe logit outputs are contained in Table 18 on pad&e 16

Sufficient information on the use of drugs egist allow for ¢ analysis on

supplemental hypotheses for the presence of amphetamines, coinena, opiates,
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and PCP.Because theris only one casevolving the LSD variableinsufficientdata
poimtsexist to formulate supplemental hypotheses regarding thef Ws&D.

Amphetamine Aalysis

Amphetaminesirethe second most prevalent drug present in toxicology reports.
Fifty-seven cases present with amphetamines during autopsy, EQibdeaths and 28
ECD-proximate deaths. Five amphetamine casefemales. Bur of those fivearenon
ECD casesand onas an ECDproximate case. Males comprise 52 amphetamine cases.
Twentyfive of the 52 casearenon-ECD cases, and 27 were EQIoximate deaths.
Themeanage of the notfECD amphetamine deatlss39.1 years. fiemeanage of the
ECD-proximate amphetamine deaik$35.1 years.

The supplemental hypothessrelated to amphetamines use in kigh group
theoryare

Hae.1: Thefrequencyof people currently using amphetamines suffering aredated
sudden death ison the same for TASER EGProximate deathand norECD
deaths.

Hos.: Thefrequencyof people currently using amphetamines suffering aredated
sudden death is the same for TASER E@Dximate deaths and ngeCD
deaths.

Concerninguse of amphetamings the sample, the observed difference
cor r es p Gstalisic of002 assmail effect size of 0.01, aadstatistically
insignificant probability of 0.88which indicates that the difference in amphetamines

present in the neBCD and ECBproximate goupsis independent.Table Z, Chi-
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Square Contingency Table fBmphetamine®resent, summarizes thecalculationsor
amphetamine usgata in the sample.

Table 27. Chi-Square Contingency Table forAmphetamines Present

No Yes Total

Non-ECD 121 29 150
(80.7%)  (19.3%)

ECD 122 28 150
(81.3%)  (18.7%)

Total 243 57 300
(81.0%)  (19.0%)

di= f£z0.08p= 0. 8®01

Cocaine Analysis

Cocaines the most prevalent drug present in toxicology repo@$the 300
cases in the sample, 1d8seg77 nonECD deaths and 63 ECproximate deaths)
present with cocainat autopsy.Nine cocainecasesarefemales. Sevenof thosenine
casesarenonECD casesandtwo casesare ECD-proximatedeaths Males comprisé31
cocainecases.Of those 131 cases70arenonECD cases, an@ll areECD-proximate
deaths. Theneanage of norECD cocainedeathds 37.7 years. Theneanage of ECD
proximatecocainedeathds 36.4 years.

The supplemental hypothessrelated tawocaineuse in highrisk group theonare

Has.2: Thefrequencyof people currently usingocainesuffering arrestelated sudden
death is not the same for TASER EQBbximate deaths and ndeCD deaths.

Hos2: Thefrequencyof people currently usingocainesuffering arrestelated sudden
death is the sae for TASER ECBproximate deaths and ndbCD deaths.

Concerninghe cocainedatain the sample, the observed difference corresponds to
a 2-statistic of2.63, a small effect size of 0.09, aadstatistically insignificant

probability of 0.1, which indicates that the difference incame present in the nedaCD
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and ECDproximate groupss independent.Table B, Chi-Square Contingency Table for
CocainePresent, summarizes thecalculationsfor cocaineuse data in the sample.

Table 28. Chi-Square Contingency Table forCocaine Present

No Yes Total

Non-ECD 73 77 150
(48.7%)  (51.3%)

ECD 87 63 150
(58.0%)  (42.0%)

Total 160 140 300
(53.3%)  (46.7%)

di= fs268p= 0. 11,

LSD Analysis

A single case, a 19ear old white male, presexwith LSD present at autopsy.
The casés a NnorECD death. Insufficient data exssor anyc” calculationsof the LSD
present variableso there is no contingency table for this variable.

Marijuana Analysis

Fifty-one cases present with marijuana during autopssir@sonECD deaths,
and 26areECD-proximate deathsOne case, a neBCD death,is female. Males
comprisethe othe50 marijuanacases.Twenty-four of the50 casesarenonECD deaths
and26 casesaareECD-proximate deaths. Thmeanage of the nofieCD marijuana
deathds 35.4years. Theneanage of the ECEproximatemarijuaradeathds 31.5years.

The supplemental hypotheses relatethtrijuanause in highrisk group theory
are

Has.3: Thefrequencyof people currently using marijuana suffering arretated
sudden death is not the same for TASER EHfZ&ximate deaths and ndCD

deaths.
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Hos.s Thefrequencyof people currently using marijuana suffering arretated
sudden death is the same for TASER E@Dximate deaths and ndeCD
deaths.
Concerning marijuandatain the sample, the observed difference corresponds to

a “-statistic of 0.02a small effect size 60.01, andh statistically insignificant
probability of 0.8, which indicates that the difference in marijuana present in the non
ECD and ECDBproximate groupss independent.Table 29, Chi-Square Contingency
Table forMarijuana Present, summarizes tiealculationsor marijuana use data in the
sample.

Table 29. Chi-Square Contingency Table forMarijuana Present

No Yes Total

Non-ECD 125 25 150
(83.3%)  (16.7%)

ECD 124 26 150
(82.7%)  (17.3%)

Total 249 51 300
(83.0%)  (17.0%)

di= fs0.08p= 0. 8-8.01

Opiates Analysis

Thirty-five cases present with opiates during autopswrghonECD deaths,
and 14areECD-proximate deathsThree cases, allonECD deathk, are female. Males
comprise32 opiatecases.Nineteenof the32 casesare nonECD deathsandl3 are
ECD-proximate deaths. The mean age of the BGD opiatedeathds 42.4years. The
mean age of the EGproximateopiatedeathds 38.2 years.

The supplemental hypotheses related to opiates use hniskggroup theorare

Has.4: Thefrequencyof people currently using opiates suffering arretated sudden

death is not the same for TASER E@bximate deaths and ndfCD deaths.
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Hos4: Thefrequencyof people currently using opiates suffering arretited sudden
death isthe same for TASER ECGProximate deaths and n&CD deaths
Concerningopiatesdatain the sample, the observed difference corresponds to a
&>-statistic 0f2.62 a small effect size of 0.09, aadstatistically insignificant probability
of 0.11, which indiates that the difference in opiates present in theE@nD and ECD
proximate groupss independent Table30, Chi-Square Contingency Table for Opiates
Present, summarizes thecalculationgor opiateuse data in the sample.

Table 30. Chi-Square Contingancy Table for Opiates Present

No Yes Total
Non-ECD 128 22 150
(85.3%)  (14.7%)
ECD 137 13 150
(91.3%) (8.7%)
Total 265 35 300
(88.3%)  (11.7%)
di= fs26e@p= 0.11,

PCP Analysis

Thirteen cases present with PCP during autopsy,d@monECD deaths, and
nineareECD-proximate deaths. One case, a4i®D deathjs female. Males comprise
the otherl2 opiate cases. Three obth 12 casearenonECD cases, andineareECD-
proximate deaths. The mean age of the BGD PCPdeathds 30.0years. The mean
age of the ECEproximatePCPdeathds 33.1years.

The supplemental hypotheses related to PCP use ifrislggroup theoryare

Has 5. Thefrequencyof people currently using PCP suffering armedated sudden
death is not the sae for TASER ECBproximate deaths and ndfCD deaths.
Hoss Thefrequencyof people currently using PCP suffering arnedated sudden

death is the same for TASER EqIoximate deaths and ndbCD deaths.
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Concerning PCHatain the sample, the observed di er ence co%¥respon
statistic of 2.01a small effect size 60.08, anda statistically insignificant probability of
0.16 which indicates that the difference in PCP present in thee@in and ECD
proximate groupss independent.Table 31, ChiSquare Contingency Table for PCP
Present, summarizes thecalculationgor PCPuse data in the sample.

Table 31. Chi-Square Contingency Table foPCP Present

No Yes Total
Non-ECD 146 4 150
(97.3%) (2.7%)
ECD 141 9 150
(94.0%) (6.0%)
Total 287 13 300

(95.7% (4.3%)

dfi= fz204p= 0. 1-6.08
Yat €8s1629p=28a

History of Drug Abuse Analysis

Il n 35 cases, medical examiners or coron
abusingdrugs In 32 cases, they makthis referenceoncurrent witha notation othe
presence of driggn the body of the deceaseth threecases, however, the autopsy
reveas no drugs in the system of the deceased. Of the 35 reported cases of history of
drug abusefour arefemale. All four of thoseasesarenonECD deaths. Males
comprise 31 history of drug abuse cases. Twelve of the 31a@ses+ECD cases, and
19 areECD-proximate deaths. The mean age of the BGD history of drug abuse
deathds 38.6 years. The mean age of the E@Dximatehistory of drug abuse deatiss
34.2 years. Table 32, History of Drugs Abused by Type of Drug, provides an analysis of

each type of drug abused.
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Table 32. History of Drugs Abused by Type of Drug

Amphetamine Cocaine LSD Marijuana  Opiates PCP None
Non-ECD 1 11 0 1 3 0 135
(0.7%) (7.3%) (0.0%) (0.7%) (2.0%) (0.0%) (90.0%)
ECD 3 16 0 3 1 3 130
(2.0%) (10.7%) (0.0%) (2.0%) (0.7%) (2.0%) (86.7%)
Total 4 27 0 4 4 3 265
(1.3%) (9.0%) (0.0%) (1.3%) (1.3%) (1.0%) (88.3%)

The hypotheses related to historydofig abuse in highisk group theoryare

Ha7: Thefrequencyof people with a history of drug abuse suffering afrekitted
sudden death is not the same for TASER HfZ8ximate deaths and ndeCD
deaths.

Ho7 Thefrequencyof people with a history of drugpuse suffering arres¢lated
sudden death is the same for TASER EfDximate deaths and ngeCD
deaths.

Concerninghistory of drug abusia the sample, the observed difference
cor r es p Gsialisic of081, assmail effect size 60.08, anda statistically
insignificant probability of 0.3, which indicates that the difference in history of drug
abuse in the neBECD and ECDBproximae groupss independent Table 3, ChiSquare
Contingency Table foistory of Drug Abusesummarizes thée’ calculationgor history
of drug abuselata in the sample.

Thez-scores irlogit model one and model two are 0.55 and 0.47, respectively,
indicating that the difference in history of drug abuse in the observed sample, while
holding constant the other predictor variables, is insufficiently large to conclude that the
difference is more than a product of sampling error. The logit outputs are comtained

Table 18 on page 168.
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Table 33. Chi-Square Contingency Table for History of Drug Abuse

No Yes Total

Non-ECD 134 16 150
(89.3%)  (10.7%)

ECD 131 19 150
(87.3%)  (12.7%)

Total 265 35 300
(88.3%)  (11.7%)

dfi= fs08ip= 0. 3-0.03

Excited Delirium Analysis

Medical examiners and coroners clag3i¥ caseq425.7 percentas ExDS. Of
those cases, only omefemale. ThaECD-proximatecaseinvolves a 35yearold female.
Of the 76 ExDS cases ialwing men, 23 casewenonECD deaths, and 58sesare
ECD-proximate deaths. The mean age of the BGD deathss 36.5years. The mean
age of the ECEproximate deathss 35.3years.

In five of the ExDS cases, medical examiners or coroners teefegther mental
illness nor presenad drugs In six cases, the deceassm@mentally ill. In 60 cases, the
deceased & drugsin their systems at autopsy. In six cases, the deceaskdth
mentally ill and hae drugsin their systems.

The hypotheseslated toExDSin highrisk group theonare

Has: Thefrequencyof people exhibiting symptoms of ExDS suffering arresated
sudden death is not the same for TASER Hft&ximate deaths and ndeCD
deaths

Hos: Thefrequencyof people exhibiting symptontf ExDS suffering arrestelated
sudden death is the same for TASER E@Dximate deaths and ndeCD

deaths
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ConcerningExDSdatd n t he sampl e, the obse¥*ved

statistic of 16.79a moderate effect size of 0.24, andtatistically significant probability
of less than 0.Qdwhich indicates that the difference in ExDS in the-&@D and ECD
proximate gropsis dependent Table 34, ChiSquare Contingency Table for Excited
Delirium, summarizes thé calculationsfor ExDS data in the samplé&or the ExDS
variablethelogit models calculate statistically significanseores rangg of from 3.01

in model me t03.57in model twq indicating that the differenda ExDS in the observed
sample, while holding constant the other predictor varialdssifficiently large to
conclude that the difference is more than sampling efirberefore, evidence supports
thatECD-proximatedeaths involving=xDS occur more frequently than n&CD deaths
involving ExDS The logit outputs are contained in Table 18 on d&i§:

Table 34. ChiSquare Contingency Table for Excited Delirium

No Yes Total

Non-ECD 127 23 150
(84.7%)  (15.3%)

ECD 96 54 150
(64.0%)  (36.0%)

Total 223 77 300
(74.3%)  (25.7%)

df= £516@9p< 0. 0-0.24

Alcohol Analysis

In 59 cases (19.7 percent), toxicology reports reveal the presence of alcohol at
autopsy. Of those 59 cases, 30 same norECD deaths, and 29 cases are ECD
proximate deaths. Only one case, a-B@D death, involvea female, whas 34 years
of age. Of the 58 cases involving malesa?®nonECD deaths, and 2&eECD-
proximate deaths. The mean age of the BGD deathss 41.3 years. The mean age of

the ECDproximate deaths 36.6 years.Of the 59 alcohol cases, 44vieadrugsin their
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systems at autopsy, severvda history of chronic alcohol abuse, aaenentally ill, and
threearementally ill and hae drugsin their systems.
The hypotheses related to alcohol present in-higlhgroup theoryare
Hao: Thefrequencyof people intoxicated from alcohol suffering arresated
sudden death is not the same for TASER HfZ&ximate deaths and ndeCD
deaths
Hoo: Thefrequencyof people intoxicated from alcohol suffering arrestaited
sudden death is the same for TASER E@Dximate deaths and ngeCD
deaths
Concerning alcohalatain the sample, the observed difference corresponds to a
&’-statistic of 0.02a small effect size of 0.01, aadstatistically insignificant probability
of 0.89, which indicates that the difference in alcohol in the-B@D and ECD
proximate groupss independent Table 35, ChiSquare Contingency Table for Alcohol
Present, summarizes thecalculationgor alcohol present data in the samphear the
alcohol variablethelogit models calculate statistically insignificanscoresof 0.17 to
0.52 indicéing that the difference in alcohol in the observed sample, while holding
constant the other predictor variablssnsufficiently large to conclude that the
difference is more than a product of sampling erfidre logit outputs are contained in
Table 18on page 168.

Chronic Alcohol Abuse Analysis

In 22 casesyr 7.3 percentnedical examiners or coroners report a history of
chronic alcohol abuse. Of those 22 cai8sasesarenonECD deaths, anfbur cases

areECD-proximate deathsln the o casesnvolving females one cases a norECD
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Table 35. ChiSquare Contingency Table for Alcohol Present

No Yes Total

Non-ECD 120 30 150
(80.0%)  (20.0%)

ECD 121 29 150
(80.7%)  (19.3%)

Total 241 59 300
(80.3%)  (19.7%)

df= f£z0.08p= 0. 8®01

death, and one casean ECDproximate deathOf the20 cases involving maleg,7
casesarenonECD deaths, anthreecasesareECD-proximate deaths. The mean age of
the nonECD deathss 47.8years. The mean age of the E@ximate deathis 390
years.

The hypotheses related to chronic alcohol abuse inrsglgroup theorare

Ha10: Thefrequencyof people with a history of chronic alcohol abuse suffering
arrestrelated sudden death is not the same for TASER-R@Rimate deaths
and noRECD ceaths

Hois Thefrequencyof people with a history of chronic alcohol abuse suffering
arrestrelated sudden death is the same for TASER fp@Rimate deaths and
nonECD deaths.

Concerning chronic alcohol abuse in the sample, the observed difference
correponds toa >-tatistic of 9.61a small effect size of 0.18, aadstatistically
significant probability of less than 0.0&hich indicates that the difference in chronic
alcohol abuse in the neBCD and ECDBproximate groupss dependent Table 8, Chi
Square Cotingency Table foChronic Alcohol Abusesummarizes the’ calculations
for chronic alcohol abusaata in the samplef-or the chronic alcohol abuse varialiieth

logit models calculate statistically significanseores-2.43 in model one an@.28in
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Table 36. ChiSquare Contingency Table for Chronic Alcohol Abuse

No Yes Total
Non-ECD 132 18 150
(88.0%)| (12.0%)
ECD 146 4 150
(97.3%) (2.7%)
Total 278 22 300
(92.7%) (7.3%)
df= fz96ap< 0. 01,
Yat €8s8629p<Oat

model two,indicating that the difference in history of chronic alcohol abuse in the
observed sample, while holding constant the other predictor variedesficiently

large to conclude that the difference is more than sampling érharefore, exdence
supports that ECiproximate deaths involving chronic alcohol abuse occur less
frequently than noii2CD deaths involving chronic alcohol abuse. The logit outputs are
contained in Table 18 on page 168.

Mental lllness Analysis

In 29 cases, or 9.7 perdemedical examiners or coroners report that the deceased
is mentally ill or has history of mental illnessOf those 29 cases, fiv@msesarenon
ECD deaths, and 24 casege ECD-proximate deaths. Two cases involve females, both
of whichareECD-proximate deaths. Qhe 27 cases involving males, fiaeenonrECD
cases, and 2&reECD-proximate cases. The mean age of the BGD deathss 41.2
years. The mean age of the E@ximate deathis 37.4 years.Of the 29 mental
illness casedpxicology reports indicate that3 aretaking medications for the iliness.
Eleven of the deceasedveeEXDS, sevempresent withdrugsin their systems at autopsy,
and three hae alcohol in their systems.

The hypotheses related to mental illness in tigk group thery are
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Ha11: Thefrequencyof people with mental iliness suffering arreslated sudden
death is not the same for TASER EQibximate deaths and ndeCD deaths.
Hoi1: Thefrequencyof people with mental illness suffering arrestated sudden
death isthe same for TASER EGProximate deaths and nd&CD deaths.
Concerning mental illness in the sample, the observed difference corresponds to a
&*-statistic of 13.78a moderate effect size of 0.21, amnetatistically significant
probability of less than 010 which indicates that the differenaemental illness in the
nonECD and ECDBproximate groupss dependent Table 36, ChBquare Contingency
Table for Mental lllness, summarizes tfecalculationsor mental iliness data in the
sample.

Table 37. Chi-Square Contingency Table for Mental lliness

No Yes Total
Non-ECD 145 5 150
(96.7%) (3.3%)
ECD 126 24 150
(84.0%)  (16.0%)
Total 271 29 300
(90.3%) (9.7%)
dfi= #£713@8p< 0. 01,

The logit models show some interesting results. Mode| which analyzes
mental illness and psychotropic medications as unique variables, calcuatesra of
2.81 for the mental illness variable. Thatcore is statistically significandicating that
the difference in mental illness in the obsersathple, while holding constant the other
predictor variables, is sufficiently large to conclude that the difference is more than
sampling errar However, the significance disappears when combining the mental iliness
and psychotropic medications variabilesnodeltwo. Thez-score for the combined

mental illness variablis 1.43 indicating that the difference in mental illness in the
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observed sample, while holding constant the other predictor varieilesyfficiently
large to conclude that the diffgrce is more than a product of sampling eriidre logit
outputs are contained in Table 18 on ph§8.

Psychotropic Medicatic®Analysis

In 18 cases, toxicology reports indicate the presence of psychotropic medications.
In five of those cases, medicalagniners or coroners record no corresponding mental
illness. One case, an Egoximate death, involhga 56yearold female. Of the 17
cases involving males, eight casesnon-ECD deaths, and nine casgseECD-
proximate deaths. Of the 18 medicataasessevencases hee cardiovascular disease,
five have drugsin their systems, and four aExDS.
The hypotheses related to psychotropic medications inrisglgroup theoryare
Ha12: Thefrequencyof people taking psychotropic medications suffeianigpst
related sudden death is not the same for TASER-B@RIimate deaths and
nonECD deaths
Ho12 Thefrequencyof people taking psychotropic medications suffering arrest
related sudden death is the same for TASER {p@Ximate deaths and nen
ECD deaths
Concerning psychotropic medications in the sample, the observed difference
cor r es p G-statistic of 02, aastatistically insignificant probability of Bgand a
small effect size of 03) which indicates that the difference in psychotropic meidica
in the noRECD and ECBproximate groupss independent.Table 38, ChiSquare
Contingency Table faPsychotropic Medicationsummarizes the? calculationsfor

psychotropic medicatiodata in the samplelogit model one, the only model &malyze
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the psychotropic medications variable, calculateseoze of-1.86,indicating that the
difference in psychotropic medications in the observed sample, while holding constant
the other predictor variables,insufficiently large to conclude that the difé&ce is more
than a product of sampling error. The logit outputs are contained in Table 18 on page
168.

Table 38. Chi-Square Contingency Table for Psychotropic Medications

No Yes Total

142 8 150
Non-ECD 94.7%)  (5.3%)

140 10 150
ECD (93.3%)  (6.7%)

Total 282 18 300
(94.0% (6.0%)

df= fz02d4p= 0. 63,

Qualitative Comparative Analysis
Bi variate conti nge ncaculdties$ isacommoaimsethed s, s

of examining the distribution of two categorical variables, argladften used in criminal
justice research. Multivariate analysis, such as logit models, can extend an examination
to multiple categorical variables and the analysis of main and interaction effects among
them (Miethe, Hart, and Regoeczi, 2008). QCA shavith these conventional
guantitative methods a common assumption,
consistent across context. However, QCA also views cases as complex configurations of
attributes, which permits an assumption of causalptexity.

In this model, the use of a TASER ECD (ECD) is set as the outcome variable.
The other variables, cardiovascular disease (CVD), drugs present (DAP), excited
delirium syndrome (ExDS), alcohol present (ETOH), trelcombined variableental

illnessplus psychotropic medicatioii®INIL), are set as causal conditions. Five

194



variables of higkrisk group theory are not included in the csQCA analysis. The
pacemakers and ICD variablesttmly two cases and, thus, |adufficient data points
for consideréion. History of drug abuse and history of chronic alcohol abuse are
excluded in favor of the current variables of drugs present and alcohol present.
Excluding those three conditions hetp preserve the parsimony of the model tond
avoid creating prdems of limited diversity and individuakzlexplanations. The
multiple applications and pregnancy variables of frigh group theoryarenot included
in the study.

Of the 32 causal condition configurations possible from five dichotomous
variables, 24 aofigurations emerge from the data. Table @&QCA Case
Configuratiors by Cell Frequency, displays a truth table listing causal condition
configurations of the 300 cases in the sample arranged by most frequently to least
frequently occurring configuratien The most frequent configuration is cardiovascular
disease and drugs. That combination, containing 65 cases and noted in Boolean terms as
CVD*DAP* exds*etoh*mnil (capital letters indicating the presence of a variable and
lower case letters indicatinge absence of the variable), has a consistency of 0.4462,
which means that 44.62 percent of the 65 cases in the configuration arpr&Gmate
deaths. A consistency score of one means that all of the cases in that configuration are
ECD-proximate deathsA consistency score of zero means that all of the cases in that
configuration are naECD deaths. Consistency scores between zero and one indicate a
conflicting configuration, meaning the configuration is uniquely associated neither with

ECD-proximate daths nor with notECD deaths. Of the 24 configurations in the truth
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Table 39.cQCA Case Configurations by Cell Frequency

CvD DAP EXDS ETOH MNIL Frequency Consistency ECD ~ECD
1 1 0 0 0 65 0.4462 29 36
0 1 0 0 0 52 0.3462 18 34
1 0 0 0 0 29 0.4483 13 16
0 1 1 0 0 28 0.6071 17 11
1 1 0 1 0 20 0.3000 6 14
1 1 1 0 0 19 0.6316 12 7
0 0 0 0 0 14 0.5714 8 6
0 1 0 1 0 10 0.5000 5 5
0 1 1 1 0 9 0.7778 7 2
0 0 0 0 1 9 0.7778 7 2
1 0 0 1 0 9 0.2222 2 7
1 0 0 0 1 6 0.6667 4 2
1 1 1 1 0 4 1.0000 4 0
1 1 0 0 1 4 0.2500 1 3
0 1 1 0 1 3 0.6667 2 1
0 1 0 1 1 3 0.3333 1 2
0 0 1 0 1 3 1.0000 3 0
0 0 1 0 0 3 0.6667 2 1
1 1 1 0 1 2 1.0000 2 0
1 0 1 0 1 2 1.0000 2 0
1 0 1 0 0 2 0.5000 1 1
0 0 0 1 0 2 1.0000 2 0
1 1 1 1 1 1 1.0000 1 0
1 0 1 1 1 1 1.0000 1 0

table, 17 are conflicting, and seven have a consistency score of one. None of the
configurations has a consistency score of zero.

A prime implicant is a logical, not mathematical or statistical, reduction of the
conditions in a case configuratiamitentify conditions necessary and sufficient to
produce an outcome. For example, assume a number of cases that contain condition A,
condition B, condition C, and condition D all produce a specific outcome. In Boolean

terms, that configuration appeassa A* B* C* D Y O. Next, assume
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that contain condition A, condition B, and condition C, but not condition D produces the
same out come. I n Bool ean terms, that conf
Looking at the two Boolean equationsearan see that the outcome exists whenever
conditions A, B, and C exist together, regardless of whether condition D exists, which
renders condition D irrelevant to the outconidnerefore, the causal condition equation
can be reduced t dreskduétedf cXusabconfigurhtioms cam het
examined and reduced until only conditions necessary and sufficient to produce the
outcome appear in the equation. Of course, the equation can contain more than one set of
prime implicants. Assume thatothetsof condi ti ons reduce to A’
equation means that condition A and condition D must &dggther but condition B
must be absent to produce the outcome. Now two prime implicants indicate two paths to
the same outcome: A*B*C or A*b*D. ThBoolean notation for the prime implicants
equation becomes A*B*C + A*b*D Y O. Thi s
however, when all configurations in the truth table are dfemnflicting configurations.

Attempts were made to resolve conflicting agaofations and establish all
configurations with consistencies of O or 1 using two of the steps suggested by Rihoux
and De Meur (2009): (1) adding conditions to the model one at a time-andly&ing,
and (2) removing conditions from the model and rapathem with other conditions.
Adding the pacemaker and ICD variable, history of drug abuse, and history of chronic
alcohol abuse one at a time and in combinations did not remove all conflicting
configurations, but it added to the complexity of the ttatile. Removing the drugs
present condition and replacing it with the six constituent drugs (amphetamine, cocaine,

LSD, marijuana, opiates, and PCP) did not resolve all conflicting conditions. Expanding
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the mental illness and psychotropic medicationaldes back into unique variables did
not resolve the conflicts, and neither did collapsing the alcohol present and history of
chronic alcohol abuse variables. Thus, the truth table was not fit for logical
minimization. Several rows always contained tioihg configurations, and it was not
possible to deduce prime implicants, those configurations necessary and sufficient to
explain the outcomeThe inability to reduce the truth table configurations to any prime
inplicant provides evidence that the calusonditions differ little between neCD

deaths and ECIproximate deaths.

The truth table illustrates the problem of analyziogiplex conditions hr ol gh
analysis. Of the 24 configurations that emerge from the data, only five configurations
totaling 95 cases contain a single higgk group theory variable. Four of the five single
condition configurations, DAP (52 cases), CVD (29 cases), MNithe(cases) and ExDS
(three cases), result in conflicting configurations. One single condition configuration,
ETOH (two cases), results in a consistency of one, meaning all included cases are ECD
proximate deaths. One configuration of 14 cases exhibits of the variables of high
risk group theory. That configuration is conflicting.

The remaining 19 configurations, which consist of 205 of the 300 cases, contain
two or more conditions. Seven of those 19 configurations had consistencies of one.
However none of those configurations had more than four cases, which means the
configurations could be an artifact of limited diversity and individualization of
explanations. One configuration containing only one case reflects all five conditions.

Problems of geater interpretative complexity, increased heterogeneity, and small

cell frequency sizes often limit applications of csQCA to fewer than 100 case
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configurations (Meithe, et al., 2008). A case sample of 300, such as in this study, tends
to preclude the Esibility of norrconflicting consistencies within the truth table.
Nevertheless, csQCA is still useful for examining the effects of various varigbles.
basic starting point in csQCA is an examination of central tendencies and variability in
the data thiacan reveapatterns of clustering and variability among the case
configurations Simple inspection of truth table case configurations can reveal patterns
called situational clustering. This visual inspection provides evidence of low frequency
configurdions that can adversely affect regression analysis because of the possible role of
low frequency configurations as outliers. Minimum frequency rules, such as deleting
configurations with frequency counts less than ten, can reduce the influence of low
frequency configurations on substantive conclusidmsithe, et al., 2008Ragin 1987).

Recognition of uneven distribution of cell frequencies is important because of the
potential for adverse impact of small cell frequencies and multicollinearity on esgmati
effects within logistic regression analyses. Application of minimum cell frequency rules
prevents estimating a saturated model of interactions, but eliminatiriygdquency
configurations with counts less than ten might generate more stable estifeges
effects(Meithe, et al., 2008Ragin 1987).

To examine the effects of the variables associated withrisgtgroup theory, the
truth table was first rearranged to rank case configurations according to the relative risks
of an arrestelated suddedeath being associated with the use of a TASER ECD (i.e. the
highest consistency score to the lowest). Next, case configurations with a frequency cell

count less than ten were excluded from consideration. The resulting model consisting of
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eightconfigurdions is shown in Table 40, csQCA Case Configuration by Relative
Consistency

Table 40.cQCA Case Configurations by RelativeConsistency

CvD DAP EXDS ETOH MNIL Frequency Consistency
1 1 1 0 0 19 0.6316
0 1 1 0 0 28 0.6071
0 0 0 0 0 14 0.5714
0 1 0 1 0 10 0.5000
1 0 0 0 0 29 0.4483
1 1 0 0 0 65 0.4462
0 1 0 0 0 52 0.3462
1 1 0 1 0 20 0.3000

Only three case configurations have consistency scores higher than 0.5000, which
means that only those thrsignificantconfigurations occur more frequenttyECD-
proximate deaths than they occur in #6@D deaths. On configuration has a score of
0.5000, meaning that configuration occurs equally in Ee&ximate and in no&ECD
deaths. The other four configurations, which comprise the two highest fregquoemts
have consistency scorksverthan 0.5000, which means those configurations occur more
frequently in norECD deaths than they occur in EQiboximate deaths.

DAP appears irsix configurations CVD appears in four configurationsnd
ExDS and ETOHead appear in two configuration®NIL does not appear in amy the
eight substantiatonfiguratiors. The two case configurations that occur most frequently
in ECD-proximate death&@bout 63.2 percent and 60.7 percent, respectiaety)
CVD*DAP*ExDS*etoh*mnil and cvd*DAP*ExDS*etoh*mnil. The two configurations
that occur least frequently in EGRYoximate cases are cMdAP*exds*etoh*mnil and

CVD*DAP*exds*ETOH*mniIl (about 34.6 percent and 30.0 percent, respectively).
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A simple visual inspection of the dataTable 40clearly reveals that thevo
configurations containing ExDS are the only configuratioorstaininga variable ofhigh-
risk group theoryhat occur more frequently in EGroximate deaths than in n&CD
deaths.None of the configurations that@a more frequently in neBCD deaths
contains ExDS.The only other configuration more likely to appear in EQibximate
deaths than in neBCD deaths contains none of the variables assaciaith highrisk
group theory.

Although thetwo substantiataseconfiguratiors most likely to occur in ECD
proximate deaths also contdire drugs presenariable,three of the othefiour case
configurationsn the modektontainingdrugsare more likely to occur in neBCD deaths.
One drugs present configuratiorsgit equally between neBCD and ECBproximate
deaths.It is only when drugs interact with ExDSekihe configurationbecome more
likely to occur in ECDBproximate deaths. Table 41, csQCA Case Configurations by
Interaction Effects of DAP, displays theuds interactiogin thesignificant
configurations

Table 41. csQCA Case Configurations by Interaction Effects of DAP

CVD DAP EXDS ETOH Frequency Consistency
0 1 0 0 52 0.3462
1 1 0 0 65 0.4462
0 1 1 0 28 0.6071
0 1 0 1 10 0.5000
1 1 1 0 19 0.6316
1 1 0 1 20 0.3000
0 0 0 0 14 0.5714
1 0 0 0 29 0.4483

201



The case configuration most frequently associated with anfGkmate death
also contains the cardiovascular disease variable. However, alone, the cardiovascular
disease variable occurs more fneqtly in norRECD deaths. Even when interacting with
the drugs variablalone or with the drugs and alcohol variables togettediovascular
disease occurs more frequently in i6@D deaths.t is only when it interacts with
ExDS doe<gardiovascular diease occur more frequently in EpBbximate deaths.
Table 42, csQCA Case Configurations by Interaction Effects of CVD, displays the
cardiovascular disease interactions ingigmificantconfigurations.

Table 42. csQCA Case Configurations by Interactioricffects of CVD

CvD DAP EXDS ETOH Frequency Consistency
1 0 0 0 29 0.4483
1 1 0 0 65 0.4462
1 1 1 0 19 0.6316
1 1 0 1 20 0.3000
0 0 0 0 14 0.5714
0 1 0 0 52 0.3462
0 1 1 0 28 0.6071
0 1 0 1 10 0.5000

Only two configurations contain the alcohol iedole, and it does not exist alone
as a significant configuration. Alcohol and drugs together are equally likely to be
involved in noRECD deaths as they are to be involved in E@Bximate deaths. Whe
interacting with drugs and cardiovascular disedseconfiguration becomes the least
frequent ECDBproximate death configuration.

Summary
Results of the statistical analysis of armedated sudden death data are

summarized as following:
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Exami ned i ndepend etest, feopleinthe samplevho Suffar d e nt 6 s
an arrestelated sudden death following application of a TASER BEGD
approximately\2.67 years younger than thgseoplewho suffer an arreselated
sudden de&tabsent the use of a TASER ECD, that difference being statistically
significant(df = 298,t = 2.13,p = 0.03). However, ithelogit models, when
controlling for other predictive variables, the difference in ages between the
groupsis insufficiently large to establish statistical significafze -1.33andz=
-1.43).

Sex data fronthe sample indicates thatrestrelated sudden deaths following
application of a TASER ECD more frequently involve males than fermtles
effect size is smaldf= £56.86p< 0. 01, IithefogitGnodels, jhe
difference in sex in the s#le is insufficiently large to establish statistical
significance¢=1.77andz=1.75).

E x a mi n &amalybisyusirg four categorical designations for race, the
frequency of an arreselated sudden death following application of a TASER
ECD comparedo deaths not involving an ECD is the same for Whites, Blacks,
Hispanics, and other races/ethnicitie§¢ 351.16p= 0. 78, VEr am®r 6 s
0.06). Designated as a dichotomous variable of White = 0 and all other
races/ethnicities = 1 for the logit mwhels, the difference in race is statistically
insignificant inbothmodels (z =0.17andz = 0.18).

Anal y z e d? thendifferance In areeselated sudden deaths following
application of a TASER ECD compared to deaths not involving an ECD is

statistcally insignificant for people with cardiovascular diseasés( £ 6
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0.86,p= 0. 35, GthetogitGnodel, Jhe differénoe observed in

cardiovascular disease is insufficiently large to establish statistical signifiaance (
=-0.26andz=-0.11).

Insufficient data exist to analyze thignificance of thgpacemakers and ICD

variable.

When c¢al c lthe diffecnceiin ftetpuencies between asrekited

sudden deathsvolving drugsfollowing application of TASER ECDs compared

to deatls not involving an ECD is insufficiently large to establish statistical
significancef= fs208p= 0. 15, G = 0.08). That r
for individual analyses of amphetamimf€ £>0.08,p= 0. 8®01), (
cocainedf= fz268p= 0.11, (G = @&=0%3008prarijuana
0 . 8 8-0.01, opiatesdf= Ff32.04,p= 0. 1609), alddPEPdD=. OF, &
=201lp= 0.16, G4 = 0.08). l nsufficient dat
E x a mi nZ%the diference in frequencies between armesated sudden

deaths for people with a history of chronic drug abuse compared to deaths not
involving a history of chronic drug abuse is insufficiently large to establish

statistical significancedf= f£50.84,p= 0 . 3-0.08). The difference in

history of chronic drug abusgalso insufficiently large to establish statistical

significance inogit models one and two (z = 0.55 and z = 0.47).

When exami ned ? thediffierence irefrequenciestbeen asrest

related sudden deaths for peopihibiting excited deliriuntompared t@eople

without excited deliriuns sufficiently large to establish statistical significance

(df= £51689p< 0. 01, . Thelogit nbdel 4lo calculate
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staistically significant difference(z= 3.01andz = 3.37). Arrestrelated deaths
occurmorefrequentlyfollowing application of a TASER ECD than in n&CD

cases.

When exami ned ? thedifiersnce irefrequencies befween arrest
related suden deaths for people with alcohol in their systems compared to people
without alcohol is insufficiently large to establish statistical significad€e (,

¢ =0.02 p=089, =0.01). Bothlogit models also calculate statistically
insignificant diffeences (z=0.26andz=0.17).

When exami ned ? thediffierence irefrequencies beyeen arrest
related sudden deaths for people with a history of chronic alcohol abuse compared
to people without a history of chronic alcohol abuse is sefiity large to

establish statistical significanceéfe  fz964p< 0. 01, G = 0.18),
ECD-proximate deaths are less likely than @D deaths to involve people

with a history of alcohol abus& helogit models also calculate statistically

significant difference (z=-2.43andz =-2.37).

When exami ned ? ihadiffersnced irefreuencies bejween arrest
related sudden deaths for people with mental illness compared to people without a
mental illnesss sufficiently large to estaish statistical significancelf= £5 ¢
13.78 p< 0. 0 12}]), meéaning ECEproximate deathare mordikely than

nonECD deaths to involve people withental illness Logit modelone also

calculatesa statistically significant difference € 2.81). However, the mental
illness and psychotropic medi cgf)f.ons va

100.24). Combining the two variables into one variable for logit model two, the
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difference becomes insufficiently large to establish statisticaifsignce ¢ = -

1.43.

When exami ned ? thedifiersnce irefrequencies befeen arrest
related sudden deaths for people taking psychotropic medications compared to
people without psychotropic medications is insufficiently large to establish
statistical significancedf= f0.2dp= 0. 63, @G = 0.03) .
also calculates a statistically insignificant difference {1.86).

In thecsQCA truth table24 case configurations emerge from the 32 causal
configurations possible fdive dichotomous variables.

ThecsQCAtruth table amot be resolved of conflicting configurations, so prime
implicants @amot bededuced

Of theeight significant configurations with frequency cell counts of ten or more,
all areconflicted.

Only three ofthe eight significant configurations are more likely to be involved in
an ECDproximate death than they are to be involved in alB8D death. One

of those configurations contains no condition pertinent to-hgkhgroup theory.
The other two configurains contain ExDS in combination with drugs or with
drugs and cardiovascular disease.

Cardiovascular disease and drugs do not appear in any configuration more likely
to be involved in an ECIproximate death, except for configurations that interact
with ExDS.

Mental iliness does not appear in any of the esggnificantconfigurations.
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Table 43, Summary of Significance Findings, lists the probabilities orskeres
for each statistical calculatiomn asterisk notesignificant findings.

Table 43.Summary of Significance Findings

&> Model Logit Models

Model 1 Model 2
p= z= z=
AGE * 0.03 -1.33 -1.43
SEX *<0.01 1.77 1.75
RACE 0.78 -0.17 0.18
CvD 0.35 -0.11 0.11
ICD - 0.73 -
DAP 0.15 -1.92 *-2.06
HDA 0.37 0.55 0.47
ExDS *<0.01 * 3.01 * 337
ETOH 0.89 0.26 0.17
HCAA *<0.01 *-2.43 *-2.37
MT *<0.01 * 2.81 -
PMED 0.63 -1.86 -
MNTL - - 1.43
AP 0.88 - -
CP 0.11 - -
MP 0.88 - -
OoP 0.11 - -
PP 0.16 - -

* denotes signgd&ilcaget at U = 0.05,
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CHAPTER V

DISCUSSION

Arrestrelatedsudden deaths are rare events, occurring approximately 1.54 times
per 100,000 arrestAn arrestrelated sudden death is a death that occurs following a
collapse within 24 hours after an initial arrest or detention. The death must be
unexpected, must hbe the result of trauma or injury that a layperson could readily
discern needs medical attention, and must follow a sudden change in clinical condition or
the beginning of symptoms from which the deceased does not reddusistudy
examines a sampld 800 cases from the 1,060 such deaths in the United States from
January 1, 2006 through December 31, 2011.

On average, arreselated sudden deaths decreased 15.26 deaths per year from
2006 through 2011. NeBCD deaths decreased 11.89 deaths per yehEGD
proximate deaths decreased 3.37 deaths per year. The raticl6€bodeaths to ECD
proximate deaths ranged from a high of slightly more than 2:1 in 2007 to a low of 1:1 in
2008. The cause of the decrease is not clear from the data in this\&thdyis evident,
however, is that, although deaths in both groups are decreasirGQibdeaths are
decreasing more rapidly than E€idoximate deaths.

ECD-proximate deaths constituted 39.4 percent of all aredsted sudden
deaths. In the six law enfl@ment agencies with the most aredated sudden deaths,
ECD-proximate deaths constituted 27.0 percent of those cases. In previous studies on
useof-force, officers employed a TASER ECD in between 22 per&mitf, Kaminski,

Alpert, Fridell, MacDonaldand Kubu, 2009) and 48.8 percent (Gau, et al., 2010) of all
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useof-force events. Consequently, the percentage of deaths following the application of
an ECD falls within the range of their use in use of force applications. If the ECD posed
a significantrisk of death, one would anticipate that the rate of death would be greater
than the rate of use of that force option. This does not appear to be the case, but one must
take care not to interpret these percentages too liberally. The physiologicatedtob
sudden arrestelated deaths is likely to be quite different from the physiological

attributes in nosfatal useof-force events. However, the proportion of the involvement

of TASER ECDs in arregklated sudden deaths appears to be roughly eqoival the
proportion of their involvement in all usd-force events. The range is wide, so

additional research on use of all force options needs to be conducted to obtain more
accurate data.

High-risk group theory postulates that elderly people, youmigren, people with
pre-existing cardiovascular disease, people with pacemakers and ICDs, people under the
influence of drugs (amphetamines, cocaine, LSD, marijuana, opiates, and/or PCP) or with
a history of drug abuse, people intoxicated from alcohulittr a history of chronic
alcohol abuse, people under extreme psychological distress or who exhibit signs of
excited delirium, people who are mentally ill or taking psychotropic medications, people
subjected to repeated or multiple applications, and pregrmamen are at a heightened
risk of serious injury or death following application of a TASER ECD. Multiple
applications and pregnancy are not examined in this study, buigmerevidence to

support the other tenets of the theory in this samyté the possible exception of EXDS
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Age

In previous studies of arrestlated deaths, the mean age of all anrelsited
deaths of 35.7 years is about the same as the mean age in studiesmOEiGiate
deaths, which is between 34.8 and 35.9 years. lautient study, the mean age of all
arrestrelated sudden deaths is 37.8 years, or about 2.1 years older than the previous
studies. Part of that difference could be that previous aeleged death studies include
police shootings and suicides, which ao¢ included in this study. The difference could
be a product of differences in age of anresated sudden deaths and offio@rolved
shootings or suicides, or it could be a product of sample error.

The mean age of EGpProximate deaths in this study36.8 years, or 0.9 to 2.4
years older than previous studies. The mean age of thea3@0sample is even older
(37.2 years). The reason for this difference is not determinable from available data, but
the difference between the population and the samspiot sufficiently large to conclude
that the difference is anything more than sample error. Insufficient data published in the
previous studies prevent a determination of whether the differences between previous
studies and the current study are staally significant.

Examined as a variable independently from the other predictive variablej ECD
proximate deaths are 1.5 years younger tharEH®©D deaths in the population and 2.67
years younger than ndbCD deaths in the sample, those differencesdsiatistically
significant. However, ifothlogit models, when controlling for other predictive
variables, the difference in ages between the groups is insufficiently large to establish

statistical significance.
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The range of ages between E@Bximatedeaths and neBECD deaths is also
similar. Ages for notECD deaths range from 17 years of age to 85 years of age (68
years). Ages for ECIproximate deaths range from 16 years of age to 87 years of age
(71 years). Kroll, et al., (2009) calculated thatdE(ose no significant risk for people
who weigh more than 29.3 pounds, or approximately the 50th percentile weight of a 28.5
monthold male child (National Center for Health Statistics, 2013). Arguments of
appropriateness aside, the use of a TASER EQGbowi deleterious effect is documented
on a child as young as eight years old (Hult, 2013) and on an adult as old as 94
(Associated Pres2008). Consequently, evidenitem previous studies and from the
data in this study dnot support the highisk graup theory of additional risk of death for
the very young or theery old.

Sex

Males constitute the clear majority of arrestated deaths. In previously
published studies, males are between 93.3 percent and 96.3 percent -oékatexbt
deaths. In theurrent study, males are 94.2 percent of all anedated deaths in the
population and 93.7 percent in the sample. For fp@Ximate deaths, males are
between 95.8 percent and 97.4 percent in previous studies. In the current study, males
are 98.1 perad of the population and 97.3 percent of the sample.

Why men constitute such a huge majority of E@Dximate deaths is not
discernible from the data in this study. An unlikely hypothesis is that an ECD affects
males differently than females. A more likexplanation is that officers feel compelled
to use more aggressive tactics, such as the use of ECDs, on men who are physically more

capable of resisting arrest or detention than are women. That hypothesis is speculative,
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but it warrants additional rearch. It is weHestablished in the medical literature that
men die younger and more frequently than women from almost all causes.

E x a mi n &indepbngentty from the other predictive variables, sex data from
the sample indicates that EGidoximate deaths more frequently involve males than
females. The difference is statistically significant, but the effect size is small. bygthe |
models, however, while controlling for other predictive variables, the difference in sex in
the sample is insufficiently large to establish statistical significance.

Race

Although it is not a tenet of highsk group theory, the effects of race and
ethnicity are often examined in criminological and medical literature. A brief analysis of
race/ethnicity is appropriate in this study because of its potential interaction on the other
variables of higkrisk group theory.Whites comprise 41.6 percent oethorECD
deaths, more than any other race or ethnicity. Blacks, however, have the mest ECD
proxi mate deaths with 4 6&anélysipusingfant . Wh e n
categorical designations for race, the difference betweei@@hdeaths and ECD
proximate deaths is not sufficiently large to conclude that the difference is more than
sample error. When designated as a dichotomous variable of White = 0 and all other
races/ethnicities = 1 for the logit models, the difference inr@oainsstatistically
insignificant inbothmodels. It is clear from the data in this sample that race/ethnicity
does not contribute to greater risk of death from the application of a TASER ECD.

Cardiovascular Disease

The second most frequently occurring variable of frigk group theory in the

sample is the presence of cardiovascular disease. The mean age of the 164 cases from the
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sample (54.7 percenn)ith cardiovascular diseases 41.0 years, which is 2.75 years

ol der than the mean age %ahdinbdihdogitsnadelp, the .
difference in norECD and ECBproximate cases is statistically insignificant for people

with cardiovascular diseases. When viewed through the significant configurations in
csQCA, cardiovascular disease is associated moredinglgy with norRECD deaths than

with ECD-proximate deaths. Only when cardiovascular disease interacts with ExDS does
it become more frequent in EGRYoximate deaths, but that associatmpears to bdue

moreto the influence of ExDS than of cardiovasoullisease.

Of the human model experiments with TASER ECDs, none demonstrates a
cardiovascular effect. Moreover, metabolic studies on humans demonstrate that the use
of an ECD is less likely than other force options to induce catecholamine retease
metaolic acidosigesulting in adverse cardiac effects. Considering the findings of those
TASER effect studies with the findings in this study, it appears that the use of an ECD on
people with cardiovascular disease is less risky than other force optiongvét, this
study does not examine the effects of force options other than an ECD. Law enforcement
officers commonly use more than one force option when subduing a resting subject.
More research on the interaction of other force options and cardicaad@éase is
necessary to establish the relative risks.

Pacemakers and ICDs

Autopsy reports document only two cases in the sample with ICDs, one of which
was a norECD death and the other was an E@Dximate death. Insufficient data from

this sample exsits for analysis of the variable.
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Drugs

The presence of drugs is the most frequently occurring variable in the study.
Toxicology reports demonstrate that 73.0 percent of cases in the study have drugs in their
systems at autopsy. More rElCD cases (115han ECDproximate cases (104) present
with drugs. When examined indahighndentl! y
includes all six drugs examined in this study, the difference in frequencies between
arrestrelated sudden deaths involving drugs foilogvapplication of TASER ECDs
compared to deaths not involving an ECD is insufficiently large to establish statistical
significance. That relationship holds true for individual analyses of amphetamine,
cocaine, marijuana, opiates, and PCP. Insufficiatd dxist to analyze LSD
individually.

In logit model one, the difference in n&CD and ECBproximate deaths
involving drugs is insufficiently large to conclude that the difference is more than
sampling error. In logit model two, which dropped the ICDalde and combined the
mental illness and psychotropic variables into one variable, the presence of drugs became
a statistically significant factor, although the differencessores is very smalt1.92
and-2.06). Logit models one and two indicateat it is less risky to use a TASER ECD
than to use other force options on a person intoxicated with drugs (O.R. 0.54 and 0.53,
respectively).

It appears that cocaine is the drug primarily responsible for the statistical
significance of drugs in logit motlavo. Previous studies on the effect of a TASER ECD
on cocaindantoxicated animals demonstrate that cocaine provides protection from the

stimulation of ectopic heartbeats. Considering those animal model studies with the
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