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THE TASER GUN,
AN ELECTROSHOCK
WEAPON USED BY
POLICE DEPART
MENTS WORLDWIDE,
IS NO STRANGER
TO BAD PRESS.

L~,\ Septembe" c.mpus police cHice"
.t th< Univedty of TIc.ida scuffl<d with
Andrew Moyo" ~ studon\ woo k d just
po,ed~ lon g.m on g;y rede, ci questions
\0 Serrato, John KeHY iD-M~",) during ~

lo,um at tho ,00001. As Meyo, finished
spe.king, office" roHoundad him ond
direct", him OU:ci t he ~udi\c<ium, Meye,
yelled, resisted them, ond dem=d<d \0
know wh..\ he k d oone wrong, "You're

going \0 get T~,ed if )'Ou don't put )'OU, urns behind your
kek," on d i k e, s.id. Moye, ccntinued \0 st,uggl< ond yelled,

"Don't T~se rM, bDO!" Ore ci tho cifk e, sfh <>d his T~se, Electrrnic
Ccntool Devico, .m Meye, x,e.mod, his voice b<eiling.

Within oours, the vidoo ,eco,d ci the even! in G.inesville
"Ppe.red en the Web .nd bec.me "" in"",,",! YC<lTube sensaticn
The Arned.;;,,", Civil Lit",tles Union.nd Amnesty International
chim<>d in with s'-'PPC<\fo, Meye" wID", merro,..ble "Dent T~,e
me, 10<01" 0'1 le"Ped into Amedc.n j>q'uhr cultu", en T-shhU
.nd kby bibs, Newsf'ape" . n o ss the United St.tes q,-"stioned
whetre, tre compus pdke we,e dght to use the T.se" wretl>e'
it wos O<'.1el, ond whethe, Meye, had relibe",tely p,ovoked the
d i k e" into stunning him,

Tre explosion d .ttentien s..mounding the indrent ,ellects •
reep public ombi 'f>lence tow=:\ the elechoslDck weapcn ond its
use, Meyds expedence is but one d =y high-p,dlie coses in
which the use d • Tose, to ",bclJ.e u ecokit<ont h C'.lblem.k", m>y

oct have been wor",rred, Lost ye.. , • student . t the Univedty
d c.lilc<ni., Lo, Angele" wos shocked in Powell Lib<uy, on
event tid gen«.ted . simil.r public C'.ltc<y, Tre stederr, Most,,{.
T.b.t.bo.inej<,d, wo, using the cempute, l.b .Ite, hours ond didn't
show offke" his stedent lD cord when osked to do so. His con
tinuod ",Iusol to comply 0' le.ve the lib=y led the compus polke
d l k ", s to apply Tos", shxks to him "'pe.tedly, Repo,ts .Ite, tre
lact acknowleqed pdke e"c<-tre d lice" hadove,,,,acted ond
we,e \00 ,e.dy to repioy theh high-tech g.dget in. situotion tid
didnt c.n 10' violence,

The sc<e=tsol peq>le reing shxkedby .stun gun o:<mdee,ily
similor to the biood-.;;urdJingcdes d to,ture vktims, so indderr ,
that involve ur=med stude",s ",ise hackles, But tre,e's on:(he<
lacto, undedying the public dist,ust 01 Tose,,: the possibility
that they con kill p<ople,

in tre ?,dod retween 200' ond 2005, Amnesty lnte,national
"'po,ted, '50 people dled in the .Ite,m.th 01 ,eceiving shxb
hem . Tose" In oniy . ho ndiu l 01 tre coses didmedicol exom
ine" dte the shxb ,eceived os • c.use 01 de.th, Even so, the
considenble unce,tolnty sur,ounding the physiologkol effects
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d. Tas", shock, os well os ombigu ity , eg=Jing when it smuld
ke used, have b<ed on >tmosphe,e d dist,ust ond leor,

Tre elechoshxk gun used by police-tre Tase, X26,m.re by
T.se, l",e,rdicnal d Scotbhle, Adz,-Ihe, borbed e1ect,ores,
A sW ,eleoses two p,oke" ond tmse p,okes must eithe, both
moke corr.,;;t with treh t..get, c<= must ,tdke the torget ond
the othe, the g,oond, to complete the elechkol ckcult, Tre elec
(,oc", ore .ttached by ion g, thin whes to . wove!C<m gene",to,
that sends muxle-locking elechk pulses into the torget,

Situotions whe,e police h .:ve been able to ro;;ce"lully dis
orm ",spects without c.ming pe"nanent injury ore the , eosen
trese we"f'Ons hove golned widesp,ead us e, In on Octobe, cose
in the Czech Republic, 10' exomple, • kidnapped child wos ,es
c~d by pdice who used Tose, guns to immobilize he, c.pto",
Accocling to . 2006 "'po,t by the Police Executive Reseorch
Fo,um, . l.w-enfo, cernent pdicy c<ga nizatio n in W.shington,
D,C" mo,e thon 8000 police . nd shedffs' offices ";;'0" the
United States have . do pted the revices, which ""e widely used
in Conod. ond the United Kingdcrn os well [see g,.ph, "Den't
Tose Me, Old Ch.p!"], Police deportments in Ausholi., New
Ze .lond, ond F,once stu ted using the device, . lte, Tose,
lnte,nationol inhoduced on . t \ac hoble video come"" The guns
olso now ,elease bits 01 identilying confetti with eve, y shot,
.nd the ti me .nd dur.tion 01 each tdUe, pull i, ,eco,ded in
the gun's memo,y, Accocling to Tose" its guns ore roowIhed
mo,e thon 620 times . <hy ond have boen used . total d mo,e
thon 680 000 times wc<ldwide,

Any new technology tid is designed 10' violent encoonte"
should be cuelully ."essed, Uniike medic.l devices, Tose"
dent have to unre,go testing ond ,eceive ap!"oval by >1endes
ro;;h os the U,S, Food ond D,ug Administntien, .t le.st root in
the United St.tes, Portly in ,esponse, seve,ollocol ond state leg
ishtures have conside,ed inhoc\xing l"",s ",stdcting the stun
guns' .doption, ond most police dep""tments, il root 011, hove
instituted guidelines on the pDOpe, use 01 T.se",

Analyses conc\xted by Bdtish ond Conodion pdice ,eseorch
cente" ond by the U,S, Ai< Fo,ce concluded th.t Tose" ue
gene,olly effective ond do root po,e . signilkont health dsk to
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tho ,edpients of ~ shxk, In Po,thnd, O,e" me .nwhile, police
feo,mdthat 25 to 30 pe,cent of tho situations in which ~ T~se ,

_s employed met tre cdted~fo, the use of do~dly fonoe, Otho,
pdice doputments have ,ele~sed shtbtics soowing ~ dodine
in the numb", ci doath, of suspects .ndoffice" in the months
following the inhoductien of T..,e", But ,ese""ch by the Police
Executive Rese""ch Fo,um has , aised tho conce,n that multiple
,..;;tiv..ti en s of T~s",s m~y in",e~se tho dsk of do~th,

Evenif T~se" ",e !"oven to be enth ely s"fe, t ho", 's the bigge,
,?", sti on ci whotho, the stun guns enmunge police b<ublity,
A T~se, slD;;k le~ve s ,,]most r>o visible s=dng c. b,uising, ~s

~ dubbing 0' ~ beating typic.lly would, COlld the ~bsence of
physic.l s=s lift ~ psycoologic.l , eshaint on offke, behavio,'
Soould eve, y T~se, gun have ~ built-in video C.:men'

Equipping h w -en fonoement se,vices with T~se" is likely to
;educe the numbe, ci bullets office" fhe hom thoh I=1dguns
.nd tho,efo,e tho numre, of sedous injuries .nddo~ths, At the
=ne time, it m"Y le"j polke to inflkt .n unw"",.nted .mOlnt
ci p.ln on individuals woo commit only mir>o' cdmes,

The b,o.de, ,?",'tions , eguding the roci~l effects of stun
guns .re , OOweve" beyond the smpe of thi, dixusslon, The two
""ti de s that follow investig~te tho physlologic>.leffects of elec
hk slD;;k, The fhst i, by M""k W, K,oll, .n electd c.l enginee,
woo ha s helped invent nume,ous elechk.l medk.l revices.nd
woo sits on tho bo""dof T~se, Inte,nation.l, The semnd b by
P~hkk Tcoou, ~ c""di,..;; elechophysiologist ~t tho Clevel.nd
Clink, WID ha s tested T",e" expedment.lly en pigs,

_ Sand", Upson
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WHEN YOU PULLTHETRIGGER ci ~ T~se, gun, ~ bl~st ci mm
!"essed nihogen l""nches its two b.rbed d.rts ~t 55mete" pe,
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The ido.l "",est tool., then, must meet ~ numbe, of ;equi;e
ments, Fhst, it must be ~ble to tem pc<""ily di "ble even the l""g
est, most dote,mined drug-.nesthe\i",d individl.l, Second, it
must 00 ro witoout c~using sedous inju,y to .nyone inv olved,
Thhd, its effectiveness c.nr>ot re dopendont en c""sing p.ln,
Fourth, it must wc.k ,elhbly, And fin .ny, it must be ~ble to be
used hom ~ de dist-=-let', "y 5 mete,,-ro that.n "",,,st
ing ci fic", need _ come within ,.nge of ~ susp ect's blow"

Some ~p!"o,.;;hos to meeting toose cdted~ have mme dose ,
but r>ot close enOlgh, These indudo powedully l~unchodnets,
which still ;equi'" "" ci fice, to mme into mn\act with ~ t!rr",h
ing ,uspect, .nd body-immobilizing giues, whkh oon1 F"do,m
well in cold weathe"

A rolutlon th..t satisfles .11the ,eqlkements is ~ dovice that
_s =e pl~yfully dubred the "TOOm~sA. Swift electdc dfle"
(.Ite, tho exploits ci the fict lon.l Tom Swift, ~ teenage inven
to, m~re f.mOlS in ~ sedes ci juv enile ~dI'enture r>ovels pub
lishedhcrn '9'0 to '940 ""d is r>ow known .., tho T~se, Ele;;hcruc
Cenhol Device, Uncb mbop>ocesso, con\;ol, the dovke tem
fO,,,,,ily,.nd ",latively h.rmlessly, immobilizes ~ su'pect with ~

=efully enginee;ed elec\; ic sign.l that is spedfk.lly resigned
with hum.n physiology in mind,

YOU KNOW AN ENGINEERING !"ob
lern is difficult whon tho p,ev.lling
techrrlogy dat es b,.;;k to tho Stene
Age, Let 's f,.;;e it, tre police offic""s
b.ton is b""ely mo,e rophistk~ted

tl=1 ~ c~ve dwelids dub, .m with
it mmes.n tho =ne crudoness.

One ,e~sen t hat finding ~ gcod ,epl,..;;ement has been soch
~ mnfounding p,oblem is the nature ci tre t..,k, Police ci fice"
cit en need to t .ke into custody ~ violent cdmin.l woo ha s CN"'
00 sed en ~ stirn uhnt. Most poople p,ob.bly would be surprised to
le",n that, ~t p""eri., the mainmetOOds pdice use in Sl\Ch situ..
tiens.ll ",ly oninflktingp.ln, Tre old st.nmy, ""e wdst twist ,
.nd othe, fo,ms ci jdnt di stc.tlon, F"PP'" sp;ay, .nd dubbing,

The p,oblern is mmplicated by tre f,.;;t that m.rq illeg.l drugs
""e p.inkilhs, .nd .., ~ ,esult st.nd=d subduing techniques.re
f"'quently ineffective ~t bdnging houblern.ldng drug use" to
hoe!. Even wc.se, m.ny of the d.n~'Olsly drug1dJled pe,peln
tc., exhibit sup",hum"" st.mina.nd s\;ength, ']'h"e ""e num",
OlS ,..;;munts ci ~ pe"en on ~ drug CN",oose m.nh.ndling hill ~
oo"'n l.w -.enfonoernent ci fice" ~t =e, M.ny cifk ", s.re Injured
.leng with toose they ""e hying to t.ke into custody,

CRAFTING
THE PERFECT
SHOCK BY
MARKW.
KROLL
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Freeze!
Wh"" U....l.lUt'. On I T.,.. (Un Is 0:>... ...., . h.
"""'''. .. ''''.... - n~ .ot'''' cl o1 nd,. bf. l k, """".
Enoolh ", .." ... bu.I::I, uDmsid• •h. d""ice 'o
launch .h .. two dl••s. Th. dl '" I ' • •IJlD.... wnh
baJb, ' har tJab hold of I ...,.f,clo.h.., a nd cu' ".001 I.a wls down .h.w• es to .h. DlJSon. TbI (Un
t """U I'" • bne l aJCint ....1' . ' 0 cion the <*WI , at
winch ""inl th.. lfOlta te d. "", . Shots loom I Tau.
t un land , on a vente, abo ut IS cen lOmlt.., lPar l
on ,h .. 1"'0.

Th" drffe<"noes bltwHn 'h" od s , lql mlkl uo
he..-t muscle I lld••ta l muscle are kly oomoo
Ilell" ,"Ihe Tase<', ,aflty. h • .,..mllie. 'he calls
.. Ihe he ..-t t e....nte . Iolll" e'e ct . 1C im""l•• ' h...
' hose In . ketl!l al ,.,u,cIe do". nd . II"," mucll ..,o••
culTent t o t nue. ca,d ..c ..,usel . ee ls.
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LEVELS OF SHOCK: The Taser X26 puts out 2 milliamperes at 19hertz. The gun
packs its current into IOO-microsecond pulses, so it can capture muscle with lower
current than if it had been delivered as a sine wave, as the rest of the chart shows.

just what electrocution does: the burst of electricity causes the
heart's electrical activity to become chaotic, and it stops pumping
adequately-a situation known as ventricular fibrillation.

The Taser takes advantage of two natural protections against
electrocution that arise from the difference between skeletal and
cardiac muscle. The first-anatomy-is so obvious that it is typi
cally overlooked. The skeletal muscles are on the outer shell of the
body; the heart is nestled farther inside. In your upper body, the
skeletal muscles are arranged in bands surrounding your rib cage.
Because of skeletal muscle fibers' natural inclination to conduct low
frequency electricity along their length, a larger current injected
into such a muscle tends to follow the grain around the chestrather
than the smaller current that penetrates toward the heart.

The second protection results from the different timing
requirements of the nerves that trigger muscle contractions and
the heart's intrinsic electronics. To lock up skeletal muscle with-

Causes tingling sensation

Leads to internal burns

second, less than a fifth the speed of a bullet from a typical pistol.
Each projectile, which weighs 1.6 grams, has a o-millimeter-Iong
tip to penetrate clothing and the insulating outer layer of skin.
Two whisper-thin wires trail behind for up to 9 meters, forming
an electrical connection to the gun.

Because the barbs get stuck in clothing and fail to reach the
skin about 30 percent of the time, the gun is designed to generate
a brief arcing pulse, which ionizes the intervening air to estab
lish a conductive path for the electricity. The arcing phase has
an open-circuit peak voltage of 50 000 volts; that is, the voltage
is 50 kilovolts only until the arc appears or until the barbs make
contact with conductive flesh, which in the worst conditions offers
around 400 ohms of resistance [see illustration, "Freeze!"].

The target's body is never exposed to the 50 kV. The X26
the model commonly used by police departments-delivers a peak
voltage of 1200 V to the body. Once the barbs establish a circuit,
the gun generates a series of loa-microsecond pulses at a rate of
19 per second. Each pulse carries 100 microcoulombs of charge, so
the average current is 1.9 milliamperes. To force the muscles to
contract without risking electrocution, the signal was designed to
exploit the difference between heart muscle and skeletal muscle.

Skeletal muscle constitutes 40 percent of a typical person's
mass and is responsible for making your biceps flex, your fin
gers type, and your eyelids wink. It's organized into bundles
of single-cell fibers that stretch from tendons attached to your
skeleton. When your brain orders a muscle to flex, an electrical
impulse shoots down a motor nerve to its termination at the
midpoint of a muscle fiber. There the electrical signal changes
into a chemical one, and the nerve ending sprays a molecular
transmitter, acetylcholine, onto the muscle. In the milliseconds
before enzymes have a chance to chew it up, some of the acetyl
choline binds with receptors, called gated-ion channels, on the
surface of the muscle cell. When acetylcholine sticks to them,
they open, allowing the sodium ions in the surrounding salty
fluid to rush in.

The movement of those ions raises the cell's internal voltage,
opening nearby ion channels that are triggered by voltage instead
of by acetylcholine. As a result, a wave of voltage rolls outward
along the fiber toward both ends of the muscle, moving as fast as
5 meters per second. As the voltage pulse spreads, it kick-starts
the molecular machinery that contracts the muscle fiber.

By directly jolting the motor nerves with electricity, a Taser
can stimulate the muscle and get the same effect.

The force with which a skeletal muscle contracts depends on
the frequency at which its nerve fires. The amount of contrac
tion elicited is proportional to the stimulation rate, up to about
70 pulses per second. At that point, called tetanus, contractions
can be dangerously strong. (The same thing happens in the dis
ease tetanus, whose primary symptom, caused by the presence
of a neurotoxin, is prolonged contraction of skeletal flber s.) The
Taser, with its 19 pulses per second, operates far enough from
the tetanus region so that the muscles contract continuously but
without causing any major damage.

Heart muscle has a somewhat different physical and electrical
structure. Instead of one long cell forming a fiber that stretches
from tendon to tendon, heart muscle is composed of interconnected
fibers made up of many cells. The cell-to-cell connections have
a low resistance, so if an electrical impulse causes one heart cell
to contract, its neighbors will quickly follow suit. With the help
of some specialized conduction tissue, this arrangement makes
the four chambers of the heart beat in harmony and pump blood
efficiently. A big jolt of current at the right frequency can turn
the coordinated pump into a quivering mass of muscle. That's
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FINDING
THE EDGE
OF HEART
SAFETY BY
PATRICK
TCHOU

out causing ventricular fibrillation, an electronic waveform has to
have a specific configuration of pulse length and current.

The key metric that electrophysiologists use to describe the rela
tionship between the effect of pulse length and current is chronaxie,
a concept similar to what we engineers call the system time constant.
Electrophysiologists figure out a nerve's chronaxie by first find
ing the minimal amount of current that triggers a nerve cell using
a long pulse. In successive tests, the pulse is shortened. A briefer
pulse of the same current is less likely to trigger the nerve, so to get
the attached muscle to contract, you have to up the amperage. The
chronaxie is defined as the minimum stimulus length to trigger a
cell at twice the current determined from that first very long pulse.
Shorten the pulse below the chronaxie and it will take more current
to have any effect. So the Taser should be designed to deliver pulses
of a length just short of the chronaxie of skeletal muscle nerves but
far shorter than the chronaxie of heart muscle nerves.

And that's the case. To see just how different skeletal and heart
muscles are, let's look at what it takes to seriously upset a heart's
rhythm. Basically, there are two ways: by using a relatively high
average current, or by zapping it with a small number of extremely
high-current pulses.

In terms of average current, the 1.9 mA mentioned earlier is
about 1 percent of what's needed to cause the heart of the typical
male to fibrillate. So the Taser's average current is far from the
danger zone for healthy human hearts.

As far as single-pulse current goes, the Taser is again in the
clear. The heart's chronaxie is about 3 milliseconds-that's 30 times
as long as the chronaxie of skeletal muscle nerves and the pulse
lengths of a Taser. The single-pulse current required to electrocute
someone by directly pulsing the most sensitive part of the heart
beat using j-ms pulses is about 3A. Because a Taser's 100- s pulses
are such a small fraction of the heart's chronaxie, it would take
significantly higher current-on the order of 90 A-to electrocute
someone using a Taser.

WITH THE USE OF TASER
Electronic Control Devices by
law-enforcement officers on
the rise, it's no wonder that
questions about the guns'
safety come up again and again.
As Mark Kroll describes [see
"Crafting the Perfect Shock"],
Tasers produce uncontrollable
muscular contractions, which
temporarily immobilize a sub

ject. Those questions of safety can be answered in two ways: from
a medical standpoint-that is, in terms of the bodily harm that can
result from a Taser shock-and from the point of view of someone
working in law enforcement.

The second perspective is much broader. How would one mini
mize injury to both the police officer and the person being taken
into custody, not to mention bystanders, while restraining a violent
and uncooperative subject? To probe further, one must ask how
alternative means of restraint compare with the use of a Taser.

As a physician, I contribute to the former perspective by
investigating whether Taser shocks can cause serious damage to
a heart's normal function.

Let's begin with some basics about how the heart works. Each
heartbeat is activated by an electrical impulse that propagates
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When you factor in that the Taser barbs are likely to land in
current-shunting skeletal muscle not near the heart, you wind
up with a pretty large margin of safety. For barbs deeply inserted
directly over the heart, the margin is slimmer, though, and the
key question is whether that margin is adequate. To answer that
definitively, one needs to consider what has been learned from
the devices' use in everyday life.

In the United States, about 670 people die each year under
police restraint, according to the U.S. Department of Justice's
Bureau of Justice Statistics. These incidents include arrests
and attempts to control an uncooperative person who needs
medical assistance, as well as suicides after arrest. Studies
have shown that stun guns were used during about 30 percent
of in-custody deaths in the United States. Although Tasers
were involved in a sizable fraction of these deaths, one should
not leap to the conclusion that Tasers caused them. One study
found that 100 percent of in -custody deaths involved the use of
handcuffs, and one might apply the same faulty logic to argue
against "killer cuffs," but that would, of course, be absurd.
Medical examiners have cited Tasers as the primary cause of
death in only four cases to date, and three of those were later
thrown out of court.

There will always be some degree of violence in many police
arrests, and a reliance on handguns and hand-to-hand combat can
lead to terrible use-of-force dilemmas for police officers. For exam
ple, when a suspect brandishing a knife is within striking distance,
law-enforcement officers in the United States are trained to shoot
that person. Having a Taser gun in their holsters allows those offi
cers an opportunity to disarm suspects in a manner that's likely to
be safer for all involved. It's the prevalence of such scenarios that
has persuaded so many police departments to pay twice as much
for a Taser-on the order of US $1000 per device-as they do for
a traditional handgun. Tasers are expensive and controversial, but
in the end it's safety that's on everyone's mind. •

through the four chambers of the heart [see illustration, "Heart
Electronics"]. A number of troubles can throw off the internal
rhythm of the impulse as it travels along, and the most danger
ous kind of these arrhythmias is ventricular fibrillation, which is
typically the cause of death in someone who is electrocuted. What
brings on death is the uncoordinated electrical activation of the
heart's main pumping chambers. The heart tissue still carries elec
trical impulses, but they propagate at chaotic and rapid rates, and
the heart ceases to function as a pump, so blood pressure quickly
plummets. It takes 10 to 20 seconds for a person to lose conscious
ness, less if he or she is standing.

So the most important question regarding the safety of Tasers
is how likely it is that the use of one will induce ventricular fibril
lation. Statistics alone suggest that, so far, the incidence of Taser
induced ventricular fibrillation is low. To investigate this ques
tion further in a more rigorous experimental setting, my Cleveland
Clinic colleagues and I designed experiments to assess the thresh
old for bringing about ventricular fibrillation using pigs, taking
into account the distance between the heart and the Taser darts
at the body surface. Taser International covered the costs of the
testing equipment and the costs of laboratory use, but none of
Taser's funding covered my time or that of any other physicians
involved in the studies.

The pigs were under general anesthesia when we performed
the experiments. We selected five points on each animal's torso
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Previous Page I Contents I Zoom In I Zoom out I Front Cover I Search Issue I Next Page



www.spectrum.i, ,, .org

mHesponding to sites whe,e T..,e, d.rts cemmenly m.ke con
tac t with hum.n sutjects, We used ~ custem -built chcuit tid
matched the _ vefcom .nd typic>lS-seccnd sOOd; duntien ci .n
:0.6 T~se, gun, but our device muid delive, ~ much luge, s!Dek,
To toast the output cur,ent, we in",e~sed the c. po.dtco sizes in
the devke, Alte, inducing ventdcuiu libdll.tion, we immedi
~tely ",sc""d the .rum.J using.n codir=y defibdlhto" We then
stepp ed down the cu,,,,nt to det emJi ne the highest .moont tid
muid be delive",d wit!D.lt inc\xing ventdcul.r fibdliotien,

We c.lcuhted tid q=>tit y, c..,t in te,ms ci multiples ci the
c..p.rit .nce" fo, each ci the tody sites we'd chosen to test, Of
the _ ious positions we ex.mined, =e w", e ~ me", centimet",
co two ~W'Y hom the he""t, which sits just um", the chest w.n,
tC'..\chingiten the insic", Not surpd,ingly, we b un:\ tid J",tsne,.
the he""t kd the lowest tlrreslDld; fco irrludng ven\;icul"" fibril
lotion, At the closest spct,-with me d.rt hitting ot the lowe, end
ci the chest w.ll,.nd the othe, ot the tq> ci the b<e.stlDne-sud:t
~ =diac crisis wouid ensue with ~bc'-\t four times the st.nd.rd
T.., ,,, c"Pacit .nce,

Our expedments we,e the fhst to document th..t T..,e,-like
impulses, .Jbeit mcoe e"",getic = s,~pplled cio se to the he.d en
thechest w.n in pig,muidlave seriC<l,c..di.ccenseq.>ences, Even
~t the st.nd.rdC<ltput oh T..,,,,, we foond tid cur,ent ~pplied to
the roost vui"",.ble put ci the chest _ s.ble to c'<ive the he.rt to
heat up to oso heats 1"" mimte, which is .bo..\t twke the no,m.!
,,-te fco pigs, These eXf"dmerrs.l>o showed us th..t the enset ci
verrdcul"" fib,lilationis ,elated to lDw fast the heut i, driven by

the impulses-which "".les with the uoouci. of currer>: used,
Bec,""se t he st.nd.rd T~se, output p,oved on ~venge to he

= -four t h wh.i _s neec"d to o,""se fibdlhtion, = is tempted
to cendude tlat the device is fund.ment.Jly , .Ie, But the,e's
~nothe, facto, to keep in mind: ~ h,ge po,tion of the vio lent
individu.ls with woom the palke have to c".J ue unch the inliu
eoce of ox.lne, metl=nphet.mine, co c<he, ,timuhnts, So the
T~se, h,., to he ,.Ie even fo, toose woose physiology is distcoted
by the !"esence ci such powedui dr>J1" Coc.Jne in p""tkui"" is

S ~oa.. ~.
(SA) 000.

H£A.RT ELECTH~I:& A.' ",«t,'o
;","", ....""',, th"SA. ""do ood
.....~ to th"two."'" "h~h "",t""",
p",h~, ~ooo ,nto tho '''''<eo''''m'",,
Cw",""", """"",thco"h tho A.V
""d"to ""'SO th" ""'"'0''' to "",,,,,,,t

~ ccnce ,n with , espect to c""di.c mmplkatiens 1>oc~U$e it , .Jses
he""t ",te.nd blood !"essure .nd signifk.ntly in",e",e, the dsk
ci ~ heut att ack even wit!D.lt .ny kind ci sOOd;,

My colle"1ues .nd f supposed th..t the p",sence of soch drugs
WC'-\ldinc",~sethe pc<enti.J fco cudiac u ,hythm h s, .nd we !.te,
tes ted this hypc<hesis in ~ sepac.te study, published in thehumal
oftiteAme,kan Gllege cfCaoiiobgy To C<lI surpdse, the uoouci. of
CUnerr reeded to b,ing on ven\;icuhr fib,lihtial didnt go down:
indeed, it ino-easel signifk.ntly when the pigswe", . dmi ni st", ed
eoc>ire, Afte, >ometlD>J1lI, we ", .nzedtid C<lI initi.lly puding
firrlings we,e not erri",ly C<lt of line, 1>oc,""se coc.Jre ks ce,t.in
.nesthe\ k P<Of",ties th.i c.n .Ifect the elechk.l 1>ohavico ci the
he""t in W'Ystld p<otect it "1ain st sOOd;s.ndc"c",.se its vulner
.bilit y to lib,lilatial, Applying er>o>J1h volh @' to ~ he""t celi will
q>en it s sodium-ion ch.nnels .nd stut the cen\;.rtien machire,y,
but cOC>ine stop' '-l' the volt"1e-.ctiv.ted >odium ch.nnels, m.k
ing it mcoe diffkuit b e1e;;hkity to tdg@', ~mu""le ccnhactien,

Ar>othe, study CMd ed C<lt at our clinic roo", , ecently showed
tkt imp bnt.ble delib<ilh\cos .ndpacem.k"" functien noml.Jly
.Ite, ~ typic.Js-seccnd electdc s!Dek hem ~ T~se" It ,emains
to be ,een, ooweve" how well such medic.J devic es st.nd up to
"'peated 0' ion ge, sOOd;"

It i s~ ch.llenge to ",Me exp",iments ccnc\xted urn", m rrrlled
hlx.atcoy cenditions to the vag..ies ci ", .I life, Fco cue thing, we
obt.ined our ,esuits hem UlaeSthetized pigs with ostensibly <>0<

m.l he.rts, l's possible thot.n .bm mt.l codise.sedhe.rt- coeven
~ he""t unch st,ess 0' = .Ifected by unphe\unines-might be
rocxevui"",.ble, No = l= yet studied the effe;;tsof T",,,, slDcks
en such he""t" infcomat ion th.. t is >o",ly needed to um",st.nd
wh.i might p<ove to be the S"'.test d.ng", h em T",,,,s,

Even so, we w",e comfo,ted to leun tid stun guns do not <>0<

m.lly pose .ny cudiac dsk, The full length of the T~se, d.rt tip
would h.:ve to em1>od itself into the skin .ndchest-w.ll muscle of
~ ",latively sm.n, thin p",>on to get within the ,.n@, cidist.nce,
whe", we foond the he""t to be roost vuinenble, Furt!le;mcoe, the
roost sensitive "'glen fco the indoctionoffibdliatiencov",s just ~
sm.n u e., And it is unlikely tid two d.rts wouid l.nd the,e,

Much ,em.ins unknown ~oout the physiologk.J effect, of ~

T",,,, sld, bet the ~bserre ci mrrlusive medic .l mowled@'Jo:",mt
necess.nly me.n tkt the c"vices shouidnt be used-~s lon g ~s

evic\'nce centimes to ,,-,ppa,t theh safety, Ruely b .ny bimglc.l
pheocrnenon 0' medic.l device fuily undecstood.nd tested, .nd
the T~se, i s no exception, As mcoe infcomat ion bemme s "".il.ble,
l.:w-enfcocement "1errles.m theh office" will 1>0\\", undecst.m
the mnseq,-"nces ci e.m puil of the hiSS"" •
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1 0 PROBli:fURTHER_-.,::;::c= = :::::;= :-:= :;:::;;-
The Police Executive R:search Forum's report on standards
lor "conducted ener;)' devices" is on its Web site at http://
www, policelottJm,or;/I'brary,asp?MENU'SG6 ,

Recent U, S, Department 01 Justice Ii ndin;s on arrest
related deaths can be lound at http://www,oip,usdoj,;ov!
bis!abstract!ardusGG, htm,

The Institute lorthe Prevention 01 In-Custody Deathshas
related research availableat http://w\lffl.incustodydeath.com.
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