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CONFIDENTIAL

DO NOT DUPLICATE, REPRODUCE OR OTHERWISE 
DISTRIBUTE THIS PRESENTATION

Pursuant to Section 129 of the California Code of Civil 
Procedures, no copy, reproduction, or print of the images 
included in this presentation may be made without the written 
permission of the Medical Examiner.

The opinions expressed are those of the presenter and do not 
represent the policies and/or procedures of the San Francisco 
Office of the Chief Medical Examiner.



• What is an EMDD?

• How does it work?

• Are they “Safe?”

• How do they injure?

• How might they kill?
– Controversies

• Protocol for Use

• Protocol for Death 
Investigation

• Recommendations for Autopsy



What’s in a name?

• CEW: Conductive 
electrical weapon

• CED: Conductive energy 
device

• NMID: Neuromuscular 
Incapacitation Device 

• ECD: electronic control 
device

• Energy weapons in general
–Stun gun
–TASER®/Stinger®



Stun Gun

• Operates in the 7-14 watt range

• High voltage

• Low amperage (0.3-0.5 mA)

• Electrodes 2-5 cm apart

• Current flow through dermis:
– Pain compliance

– Does not achieve muscle control



Stun Gun



How EMDDs work
• Electricity fires a small 

primer in the cartridge 
that forces the nitrogen 
capsule rearward into a 
hollow puncture pin.

• Compressed nitrogen in 
the capsule is released 
into two chambers forcing 
the blast doors, probes, 
probe wires, and AFIDs
forward out of the 
cartridge.



How EMDDs work

• AFID: Anti-Felon 
Identification Tags

• Two aluminum darts, 
attached to a thin 
insulated wire, will then 
impact into a target.  

• If the target is conductive 
then energy will be 
transferred between the 
two probes, completing 
the electrical circuit.



How EMDDs work

• 3V Batteries
• Waveform: 

– 19 pulses per second
– Peak voltage: 1900 V 

(1400-2600V)
– Over 5 sec

• 50,000V arc through air 
or clothing (high 
impedance)
– Does not “go through the 

body”

Kroll MW. Physiology and pathology of TASER electronic control devices.
J Forensic Leg Med. 2009 May;16(4):173-7. Epub 2009 Jan 19.

• Pulse designed to 
capture alpha motor 
neurons:
– neuromuscular 

incapacitation
– skeletal muscle 

contraction



How EMDDs work

• Drive stun:
– Probe cartridge removed
– Functions as a higher 

charge “stun gun”
– Pain compliance
– Insufficient electrode 

spread to capture muscles

Kroll MW. Physiology and pathology of TASER electronic control devices.
J Forensic Leg Med. 2009 May;16(4):173-7. Epub 2009 Jan 19.



Shotgun TASER® XREP™
• The TASER eXtended Range 

Electronic Projectile (XREP) is a 
self-contained, wireless electronic 
control device (ECD) that deploys 
from a 12-gauge pump-action 
shotgun.

• Maximum range of 100 ft. 
• The battery supply is fully 

integrated into the chassis and 
provides the power to drive the 
XREP projectile engine.



Shotgun TASER® XREP™
• The nose assembly of the projectile contains four forward 

facing barbed electrodes. 
• On impact, the forward-facing barbed electrodes attach to 

the body of the target. 
• The energy from the impact breaks a series of fracture pins 

that release the main chassis of the XREP projectile which 
remains connected to the nose by a nonconductive tether. 

• Neuromuscular incapacitation for 20 continuous seconds. 
• As the chassis falls away, six Cholla electrodes 

automatically deploy to deliver the NMI effect over a 
greater body mass.



Other devices



Stinger S-200 vs. Taser



Why Introduce EMDDs?

September 9, 2009:
• 37 y.o. Male
• Previous suicidal 

ideations
• Put knife to his own 

neck
• Shot with bean bag 

rounds: no effect
• Shot with bullet when 

he turned knife on 
officers



2009-0889
September 9, 2009

• Bean Bag injuries:
– 9 to torso and 

lower extremities
• Scrotum and testes

• Gunshot Wound:
– Entrance at left 

back

– Penetration of heart

• Range of Fire: 13 ft



October 5, 2009 09:47

• 27 year old man
• Wielding a knife: 

cutting his own neck
• Pepper spray and bean 

bag rounds with no 
effect

• Shot in thigh and 
wounded

• Range of Fire: 7-10 ft



Are EMDDs “Safe?”
• Statistically appears to be of benefit to both officers and 

suspects
• Independent field results : risk factor 0.25% for serious 

injury 
• “Safe” must always be compared to other options:

– Physical confrontation
– OC or other chemical spray
– Baton use
– Canine 
– Firearm 
– Sub-lethal rounds
– Lethal rounds

Bozeman W. et al.Safety and Injury 
Profile of Conducted Electrical 
Weapons Used by Law Enforcement 
Officer Against Criminal Suspects. 
Annals of Emerg Med. 2009, 10: 1016



http://taser.org/m18manual/
MacDonald et al. The Effect of Less-Lethal Weapons on Injuries in Police Use-of-Force Events. 
American Journal of Public Health Oct 2009 12:1-7

Why Use EMDDs?

LAPDLAPDLAPDLAPD

After EMDD Deployment
• Orlando, FL:

– 53% ↓ suspect injury
– 62% ↓ officer injury

• Austin, TX:
– 30% ↓ suspect injury
– 25% ↓ officer injury



SFPD Overview of Officer-Involved Shootings

One-third of shootings by San Francisco police over a five-year period might 
have been avoided had officers been equipped with less-lethal options. 

Tasers seen as option in 1/3 of police shootings
Jaxon Van Derbeken, San Francisco Chronicle: Saturday, January 23, 2010



NIJ Interim Report
June 2008

“Although exposure to CED is 
not risk free, there is no 
conclusive medical evidence 
within the state of current 
research that indicates a high 
risk of serious injury or death 
from the direct effects of CED 
exposure. Field experience 
with CED use indicates that 
exposure is safe in the vast 
majority of cases.”



UCSF
Epidemiologic Data

“The rate of in-custody 
sudden death increased 6.4-
fold and the rate of firearm 
death increased 2.3-fold in the 
in the first full year after 
Taser deployment compared 
with the average rate in the 5 
years before deployment. In 
years 2 to 5 after deployment, 
rates of the 2 events 
decreased to predeployment
levels.”

Byron K. Lee, et al.Relation of Taser (Electrical Stun Gun) Deployment to 
Increase in In-Custody Sudden Deaths. Am J Cardiol 2009;Nov.



How Might EMDDs Injure

• Case reports of:
– superficial puncture 

wounds
– direct ocular injury
– muscle contraction 

with secondary 
injuries:

• falls – skull fracture
• vertebral fractures

Kroll MW. Physiology and pathology of TASER electronic control devices.
J Forensic Leg Med. 2009 May;16(4):173-7. Epub 2009 Jan 19.



How Might EMDDs Kill

• Blunt Trauma: Deployment causes neuromuscular 
incapacitation leading to fall (e.g. skull fracture)

• Drowning: Deployment while in body of water

• Thermal Injuries: Deployment while covered in 
accelerant leading to thermal injuries

• Controversies:
– Contributory role in Excited Delirium?

– Possible cardiac capture?



Controversies: Excited Delirium

• Substance abuse or psychiatric history
• Agitation, anxiety
• Aggression, hyperactivity, violent behavior
• Hyperthermia: sweating, nudity
• Delirium: incoherent speech, hallucination
• Resistance to restraint:

– “super-human” strength
– impervious to pain

• Sudden cardiorespiratory collapse either during or 
following restraint, often following a rest period



Do Tasers Contribute to Death in 
Cases of Excited Delirium?

• Theories and Research focus on:
– Effects on vital signs/EKG:

• Heart rate (↑HR)
• Respiratory rate (↑RR)
• Temperature (no effect)

– Acidosis
• Lactate (transient ↑ with ?clinical significance)

– Rhabdomyolysis
– Epinephrine/Adrenergic “storm”



NIJ Interim Report
June 2008

“CED technology may be a 
contributor to “stress” when 
stress is an issue related to 
cause of death determination. 
All aspects of an altercation 
(including verbal altercation, 
physical struggle or physical 
restraint) constitute stress that 
may represent a heightened 
risk in individuals who have 
pre-existing cardiac or other 
significant disease.”



NIJ Interim Report
June 2008

“The repeated or 
continuous exposure of 
CED to an actively 
resisting individual may 
not achieve compliance, 
especially when the 
individual may be under 
drug  intoxication or in a 
state of excited delirium.”



NIJ Interim Report
June 2008

“Studies examining the 
effects of extended 
exposure in humans to 
CED are very limited. 
Preliminary review of 
deaths following CED 
exposure indicates that 
many are associated with 
continuous or repeated 
discharge of the CED.”



Controversies: Cardiac Capture

• Pulse designed to capture motor neurons.

• Skin, fat and muscle layers attenuate: 
TASER current density reached 91 mA/cm2, 
(threshold  for VFib) at < 1.47 cm away 
from the skin surface. (Avg skin-heart 
distance = 3.5 cm).

• Not impossible (hard to prove a negative).

Panescu D et al. Theoretical Possibility of Ventricular Fibrillation During use of 
TASER Neuromuscular Incapacitation Devices 30th Annual International IEEE 
EMBS Conference Vancouver, British Columbia, Canada, August 20-24, 2008



NIJ Interim Report
June 2008

“There is currently no medical 
evidence that CEDs pose a 
significant risk for induced 
cardiac dysrhythmiawhen 
deployed reasonably. 
Research suggests that factors 
such as thin stature and dart 
placement in the chest may 
lower the safety margin for 
cardiac dysrhythmia.”



EKG Primer

• Normal Sinus 
Rhythm

• Ventricular 
Tachycardia

• Ventricular 
Fibrillation

• Pulseless electrical 
activity (PEA)

• Asystole

The absence of a palpable pulse and myocardial muscle 
activity with the presence of organized electrical activity 
(excluding VT and VF) on cardiac monitor.

CARDIAC CAPTURE



Taser X26 Discharges in Swine:
Ventricular Rhythm Capture is Dependent on Discharge Vector

Valentino, DJ et al.The Journal of Trauma: Injury, Infection, and Critical Care:  
December 2008 - Volume 65 - Issue 6 - pp 1478-1487

• 4 Yorkshire pigs (25-36 kg) 

• Anesthetized, paralyzed (succinylcholine 2 mg/kg)

• Exposed to 10 second discharges from Taser X26. 

• Darts were pushed manually into the skin to their 
full depth (12 mm) and arranged in either 
transcardiac (such that a straight line connecting 
the darts would cross the region of the heart) or 
non-transcardiac vectors. 



Taser X26 Discharges in Swine:
Ventricular Rhythm Capture is Dependent on Discharge Vector

• Ventricular rhythm captured immediately in 
52.5% (31 of 59): 

– Ventricular tachycardia (VT) or flutter seen 
throughout the discharge. 

• 32 non-transcardiac: 25% capture rate. 

• 27 transcardiac discharges: 85.2% capture rate. 
– Ventricular fibrillation (VF) seen with two vectors, 

both of which were transcardiac. 



Taser X26 Discharges in Swine:
Ventricular Rhythm Capture is Dependent on Discharge Vector

• Capture was seen in 
two vectors with the 
current emitting dart 
at the upper chest 
thus allowing for 
current flow from 
chest to abdomen

#7 #10



Taser X26 Discharges in Swine:
Ventricular Rhythm Capture is Dependent on Discharge Vector

• Seen twice in this 
study (22%)

• Both instances 
Vector #5 used

• Bi Directional 
Current Same Result

• Dart to heart distance 
<20mm



Taser X26 Discharges in Swine: 

Ventricular Rhythm Capture is Dependent on Discharge Vector



Criticism of Pig Data

• Not human – though initial “safety” data in pigs
– Are pigs more sensitive to VF and cardiac stimulation 

than other mammals?
• Structure of intramural cardiac fibers

• Never studied directly

– Different Anatomy
• Greater tissue between heart and chest wall

• Anesthetics

• Mechanical ventilation: anoxia



Humans: Cardiac Capture???
• Greshmond Gray - Lagrange, GA – 26 y.o. Nov 2004. Keith Lehman MD – v. 

fibrillation (only published case of death)
• NEJM 353;9 Sep 1, 2005: Chicago, IL - Teenager recovered – 14 minutes?
• Maurice Cunningham - Lancaster, SC – 29 y.o. July 2005. Howard Williams 

reported – Kim Collins MD – asystole on EKG but muscle fiber injury?
• Robert Ingram - Jefferson Parish, LA – 27 y.o. 5/08. Susan Garcia MD
• Charlotte, Tom Owen – v.fib. on EMS report (no strip available)
• Derek Jones, Martinsville VA 1/8/09 - 19 years old
• Harry Bonnell’s case: Pheonix, AZ
• Erik Christensen, St. George UT – June 2009: bipolar, vfib. EKG <1 min. 

(KSL.com)
• Michael Jacobs – Tarrant County Ft. Worth TX– Dr. Peerwani.
• Brian Cardall, June 2009 – Salt Lake City UT – V. fibrillation following chest 

impact

Swerdlow, C.D. et al. Presenting Rhythm in Sudden Deaths Temporally Proximate to 
Discharge of TASER Conducted Electrical Weapons Acad Emer Med 16:8, 2009



Jefferson Parish, LA
May 31, 2008

• 27 year old Male
• Domestic violence call – husband fled
• 6’ 1” – 200 lbs (BMI 26.4 lbs/in2)
• Prong placement directly over precordium: left 

chest.
• ECG shows ventricular fibrillation.
• Immediate collapse.
• Autopsy: 440 gram heart, mild microscopic signs 

of hypertension
• Toxicology: Negative



Jefferson Parish, LA
May 31, 2008



Jefferson Parish, LA
May 31, 2008



Michael Patrick Jacobs, Jr.
Tarrant County, Forth Worth, TX

April 18, 2009

• 24 year old.
• Two Deployments:

– 49 sec
– 5 sec

• 5’5” 143 lbs.
• Chest impact
• Immediate incapacitation



Taser Training 
Bulletin 15.0
October 15, 2009

• Preferred Target 
Zone Changed
– Aim below the 

diaphragm

– Risk management

– Avoid controversy



V. Fib: what are the odds?

• H. Sun et al.Estimating the probability that the Taser
directly causes human ventricular fibrillation. Journal of 
Medical Engineering & Technology 2010:
– 1/1000 - pig having a chest wall resected
– 6/1,000,000 - pig with no resection

• Bozeman letter. Annals of Emergency Medicine Nov 
2009: British Home Office data (n = 1330)
– Eastman et al (n = 426)
– Bozeman et al (n = 1201)
– Angelidiset al (n = 1101)
– Total: 4,058 consecutively monitored conducted electrical weapon

uses with an electrical shock delivered, zero deaths
– 97.5% confidence interval that the risk of an immediate fatal event 

due to conducted electrical weapon use is not greater than 0.09%.



Protocol for Use

• Experience as a Medical Examiner:
– Some injuries that appear superficial can be potentially 

fatal – delayed death (infections, thromboses etc...)

• If EMDD used and there is a report of serious 
injury or apparent medical complication:
– Evaluation in Emergency Medical Facility (MD):

• Place a hold on all antemortem blood and urine 
specimens (especially cases of Excited Delirium)

– Book weapon, battery, wires and probes as evidence:
• Deployment printout
• Operability test



Use of Force Policy

• Information about what EMDDs can do (& how they 
can potentially injure) measured against their utility 
as law enforcement tools and the potential benefits 
of saving lives or reducing injuries.

• Medical Examiner input in the 
process, training and feedback 
if (and when) death occurs.



OCME Death Investigation Protocol

• � Checklist (handout):
– Establish psychological state of decedent

• Document behavior prior to engagement

– Establish past medical/psychiatric history:
• Prior and/or recent substance abuse

– Document reasons for deployment
– Document officer’s perceptions:

• # times, how long, distance, impact sites
• individual response



Emergency Medical Services

• Will probably be asked to medically “clear”
some individuals following deployment.

• Resuscitation and transport in fatalities.
– Documentation of injuries
– Documentation of vital signs: 

• Body Temperature (even when declared dead).
• EKG tracing/AED data card:

– PEA/Asystole
– Ventricular Fibrillation



Police Investigation: Homicide

• Treat as a Homicide, even in the event that the death is 
temporally removed from the use of force incident.
– Police reports: witnesses, officers, EMS.
– Transcripts of interviews.
– Discuss with Medical Examiner: questions to ask

• SFPD: Recognize the necessity of collecting  some 
evidence in cases where there is a survival interval: 
– Antemortem blood specimens
– EMS: EKG/AED data
– Weapon: 

• Barbs and wires • Taser download.
– Video.





Police Investigation: CSI

• Photographs at the scene:
– Measurements of distances based on reported 

deployment

• Collection of evidence:
– Clothing with attached Taser barbs and wires: 

don’t remove them without labeling which barb 
came from where

– Tasers with batteries ( Do not remove)



Taser Download



Taser Download



Operability 
Data

• Operating within 
factory 
specifications:
– waveform

– data recording



Range of Fire
Spread per Centimeter 
Traveled (Sc) = TI 
Measure Spread (Ts) ÷
Measured Distance 
Traveled (Md)



Probe/Dart Analysis

• If the probes instead 
impact on material that 
is not conductive, then 
the energy of the 
EMDD will arc in front 
of the electrodes of the 
device.

• Energy will not be 
delivered into the target.



Probe/Dart Analysis

– Where the wire attaches to the 
probe, there is an “air gap.”

– When both probes make 
contact:

• Carbon buildup at this air gap

• Melting of the insulation of the 
wire attached to the probe

• Physical changes to the TASER probe wire 
knot and probes themselves. 

• Was successful contact made to complete the 
circuit?



Probe/Dart Analysis

5 sec X26 discharge
• Melting of insulation
• Carbon buildup 
• Scanning EM 49x 350x



Pathology Division:  
Recommendations for Autopsy
• Document probe depth
• Document distance to heart surface
• Save frozen brain for dopamine receptor analysis
• Save serum for heat shock protein analysis
• Cardiac histopathology and save frozen tissue
• Opinion: 

– Summarize circumstances (Review pertinent reports)
– Explain cause of death, contributory causes
– Specifically address EMDD role, with references



Legal Challenges

• Public perception and 
outcry often shapes 
outcome

• Medical Examiner: 
Expert Witness

• Taser’s data omits effects on litigation
– Criminal: Manslaughter/Murder
– Civil: Excessive Force, Wrongful Death, 

Civil Rights Violations



Data Collection

• � Checklist for PD 
officers when Taser used 

• Taser Deployment Data:
– Set/Modify Policy

– References for Expert 
Opinions

• Police

• CSI

• Medical Examiner

– Media Inquiries

– Legal Challenges



How Data Presented

The Salt Lake Tribune. Nov. 20, 2009 “Taser Shocks on Mentally Ill and Intoxicated 
Debated”



Any Questions?
THANK YOU!
Andrew Hinz, TASER Intl.
Susan Garcia, M.D.
Andrew Dennis, M.D.
Charles Swerdlow, M.D.
Mary Ripple, M.D.
John Peters, Ph.D.
Harry Bonnell, M.D.
Howard Williams
Donald Dawes, M.D.
Missy O’Linn


