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SPONSOR STATEMENT 

HB4 

Session 
State Capitol Rm 412 

Juneau, AK 99801 
Phone - (907) 465-4 797 

"An Act Relating to Automated External Defibrillators." 

On behalf of the Alaska Fire Chiefs Association I am pleased to introduce HB 4. The 
purpose of this bill is to reduce impediments in state law to allow for more public 
access to Automated External Defibrillators (AEDs). 

AEDs are automated medical devices that can be safely used by an untrained 
bystander to restore a normal cardia rhythm in a person experiencing sudden cardiac 
arrest. The device provides both verbal and written instructions to the user. 

The use of AEDs are currently covered by Alaska's Good Samaritan Law (AS 
09.65.090), which is designed to encourage would-be rescuers to take action without 
fear of litigation However, Alaska's Good Samaritan attaches conditions to building 
owners and institutions that provide AEDs (AS 09 .65 .087). These conditions include 
requirements to provide training, maintenance, a means to notify 911, and registering 
the device(s) with emergency medical services (EMS). 

Large companies and institutions cannot confidently assure that each of the 
conditions can be reliably met; therefore, exposing them to liability and discouraging 
access to AEDs. Removing these conditions would encourage the increased 
availability of AEDs in our communities. 

Thank you for your support. 

ALASKA STATE LEGISLATURE - REPRESENTATIVE TAMMIE WILSON 
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SECTIONAL ANALYSIS 

HB4 

Session 
State Capitol Rm 412 

Juneau, AK 99801 
Phone - (907) 465-4797 

"An Act relating to automated external defibrillators." 

Section 1: AS 09.65.087 (b) is amended to add " ... gross negligence." 
AS 09 .65 .087 (b) subsections 1 through 4 are repealed: 

Section 2: AS 09.65.087 (d) is repealed 

Representative Tammie Wilson 
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FISCAL NOTE ANALYSIS 

STATE OF ALASKA BILL NO. HB04 ----------2015 LEGISLATIVE SESSION 

Analysis 

Alaska Statute 09.6S.087(b) grants immunity to a person who acquires or provides an automated external defibrillator 
device (AED) for use on a victim of a medical emergency when that device is used on a victim of a medical emergency, 
except for civil damages that result from four enumerated activities: notifying local emergency responders of the 
placement of an AED, maintaining and testing the device, providing a means to notify local responders that is located 
within reasonable proximity to the AED, and providing appropriate training. This bill deletes the four enumerated 
activities and replaces it with "gross negligence." The result is that a person who acquires or provides an AED has 
immunity when that AED is used on a victim of a medical emergency, unless civil damages result from gross negligence. 

In addition, the bill repeals the definition of "appropriate training" in AS 09.65.087(d), presumably because of the deletion 
of the term in the proposed changes to subsection (b), described above.· · 

The Department of Law does not foresee a fiscal impact as a result of this bill passage. 
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American 
Red Cross 

Ricbard Bradley, MD, CPR Sub-Couocil Chair 
American Red Cross National Headquarters 
2025 E Street, NW 
Washington. DC 20006 

January 30, 2015 

Douglas Schrage, Fire Chief 
Alaska Fire Chiefs Association 
217 2nd St - Suite 200 
Juoeau. AK 99801 

Dear Chief Schrage: 

The American Red Cross and its Scientifi.c Advisory Co\UlCil are longstanding advocates 
for widespread access to automated external defibrillators (AEDs). 

My colleagues on the American Red Cross Scientific Advisory CoUDCil and I are charged 
with advising the Red Ct"oss in areas related to the development and dissemination of 
audience-appt"Opriate information fm CPR/AED, first aid, aquatics, emergency preparedness 
and safety education. Our guidance is based on the latest evidence-based scientific and 
medical knowledge. 

Based on this research. knowing how to activate the emergency medical services system, 
how to pcrfmm CPR and how to use anAED saves lives. Every year, more than 300,000 
deaths are the result of Sudden Cardiac Arrest. We believe that the closer a victim is to an 
AED and a trained responder who will take action the better his or her chances are for 
survival 

The Red Cross has trained individuals to save or sustain a life. prepare and cope with 
disasters and help others for more than one hundred and thirty years. Since access to 
AEDs could save 50,000 lives each year, the vision of the .American Red Cross AED 
Program is for "all Americans to be within four minutes of anAED and someone trained 
to use it." 

Please contact me via email at ricbard.n.bradley@uth.tmc.edu if you have any questions. 

Sincerely, 

fJ I n/t // . :,tfl l,Y--,/b11,u:· ~ 
Richard Bradley, l\ID 
CPR Sub-Council Chair 
American Red Cross Scientific Advisory Council 
Professor of Emergency Medicine 
The University of Texas Health Science Center at Houston 

Ready when the time comes·• 



ALASKA FIRE CHIEF'S ASSOCIATION 
217 2nd Street, Suite 200 Juneau, AK 99801 

20 November 2014 

The Honorable Tammie Wilson 
Alaska State Legislature 
State Capitol Room 412 
Juneau, AK 99801-1185 

Dear Representative Wilson, 

Phone: (907) 586-1325 FAX: (907) 463-5480 

The Alaska Fire Chiefs Association stands in support of your proposal to remove impediments in 
state law to the provision of automatic external defibrillators, or AEDs, in public places. The 
Alaska Fire Chiefs Association's members are career and volunteer chief executive officers of 
fire and emergency medical services organizations throughout Alaska. We believe that by re­
moving conditions for immunity for building owners and institutions, more AEDs will be made 
accessible to the public and that our constituents will be better served. 

AEDs are modern, automated medical devices that can be safely used by an untrained bystander 
to restore a normal cardiac rhythm in someone in sudden cardiac arrest. When it is turned on, the 
device provides step-by-step aural and textual instructions on how to attach and use the device. 
These devices have an impressive success rate for people in certain cardiac rhythms in a wit­
nessed cardiac arrest. 

The use of AEDs are currently covered by Alaska' s Good Samaritan law (AS 09.65.090), which 
is designed to encourage would-be rescuers to take action without fear of litigation. However, 
Alaska's Good Samaritan law attaches conditions to building owners and institutions that pro­
vide AEDs (AS 09.65.087). These conditions include requirements to provide training, mainte­
nance, a means to notify 9-1-1 , and registering the device(s) with emergency medical services. 

We agree that providing training and maintaining AEDs, as well as other measures, are good and 
necessary. However, we' re finding that large institutions can't confidently assure that each of the 
conditions can be reliably met, therefore exposing them to liability and discouraging the provi­
sion of AEDs. Removing these conditions would increase the number of AEDs available in pub­
lic places. As is currently true under the Good Samaritan law, building owners and institutions 
would still be liable for gross negligence. 

Thank you for bringing this bill forward for the safety and welfare of Alaskans. 

Best Regards, 

j.am~ e JJal.!Jden. 
James Baisden, President 



The Honorable Tammie Wilson 
Alaska State Legislature 
State Capitol Room 412 
Juneau, AK 99801-1185 

Dear Representative Wilson, 

I represent three entities that fully endorse your proposal to remove impediments in state 
law to the provision of automatic external defibrillators, or AEDs, in public places. The Loren 
Marshall Foundation through the "Big Wild Heart of Afaska"-provides affvocacy, education and 
support for reducing death from out of hospital cardiac arrest (OOHCA) in Alaska. The Heart 
Rescue Project of Washington-Oregon-Alaska has received a five-year grant from the Medtronic 
Philanthropy to improve outcomes from OOHCA in our respective states by 50%. Our methods 
target improved bystander CPR and enhanced availability and use of public access defibrillators. 
The Anchorage Fired Department and Anchorage Area wide EMS have strived for years to 
identify AEDs in the community and to enhance community use of the devices. We believe that 
by removing conditions for immunity for building owners and institutions, more AEDs will be 
made accessible to the public and that our constituents will be better served. 

AEDs are modern, automated medical devices that can be safely used by an untrained 
bystander to restore a normal cardiac rhythm in someone in sudden cardiac arrest. When it is 
turned on, the device provides step-by-step aural and textual instructions on how to attach and 
use the device. These devices have an impressive success rate for people in certain cardiac 
rhythms in a witnessed cardiac arrest. 

The use of AEDs is currently covered by Alaska's Good Samaritan law (AS 09.65.090), 
which is designed to encourage would-be rescuers to take action without fear oflitigation. 
However, Alaska's Good Samaritan law attaches conditions to building q:wners and institutions 
that provide AEDs (AS 09.65.087). These conditions include requirements to provide training, 
maintenance, a means to notify 9-1-1, and registering the device(s) with emergency medical 
services. 

Providing training and maintaining AEDs, as well as other measures, are good and 
necessary. However, we're finding that large institutions can't confidently assure that each of the 
conditions can be reliably met, therefore exposing them to liability and discouraging the 
provision of AEDs. Removing these conditions would increase the number of AEDs available in 
public places. As is currently true under the Good Samaritan law, building owners and 
institutions would still be liable for gross negligence. 

Thank you for bringing this bill forward for the safety and welfare of Alaskans. 

Best Regards, 

Michael Levy MD, FACEP, FACP 
President Loren Marshall Foundation 501(c)(3) 
Principal Investigator Alaska, Heart Rescue Project 
Medical Director Anchorage Fire Department 



American Heart Association 
Alaska Board of Directors 

Chairman of the Board: 
Rick Solie 
I11ternallonal Tower Hill Mines, 
Livengood Gold Project 
Comm. & 9ov. Relations Manager 

Christie Artuso 
Ed.D, RN, CNRN, FAHA 
Director of Neuroscience 
Providence Alaska Medical Center 

Gail Forrest 
Executive Vice President, 
Administration 
Chugach Alaska Corporation 

Jo Heckman 
President 
DAS & Associates, LLC 
Advisory & Cons11/l/11g Firm 

Lynn Rust Henderson 
Vice President Sales and Service 
Premera Blue Cross Blue Shield 

Marilyn Romano 
Regional Vice President 
Alaska Airlines 

Kitty Wellmann 
DNP, FNP-BC. PNP-BC, ANP 
Owner & Director of N111'Sing 
Practice, Vase11lar Access Specialist, 
Pediatric Critical Carrt Nurse 
Practitioner, WOLF Program 
Coordinator 
Alaska Children's Heart Centc,; LLC 

Scott A. Wellmann, M.D. 
Owner Pediatric Cardiologist 
Alaska Children's Hearl Center LLC 

Robert Urata, MD. 
Valley Medical Care 

Februaiy 3, 2015 

The Honorable Tammie Wilson 
Alaska State Legislature 
State Capitol Room 412 
Juneau, AK 99801 ~ 1185 

Dear Representative Wilson, 

• American . American 
Heart I Stroke 

Association Association. 

life ls why· 

Western States Afflllate 
3700 Woodland Drive, Suite 700 

Anchorage, AK 99517 
(907) 865-5300 
www.heart.org 

On behalf of the American Heart/American Stroke Association, we are pleased to 
support RB 4. This bill will make Automated External Defibdllators (AEDs) 
more accessible to the public by removing barriers to the use of AEDs, resulting 
in more oppo1tunities for Good Samaritan acts and saved lives. 

Each year, nearly 424,000 people have sudden cardiac arrest outside of a hospital 
in the United States, and only 10.4% of these victims survive. The key to 
survival is administration of bystander CPR and the use of an AED. AEDs are 
extremely accurate, user-friendly, computerized devices with audio prompts that 
guide the user through the steps to safely deliver life-saving shocks. 

Unfottunately, businesses and institutions are not voluntarily installing AEDs 
because current law contains numerous conditions related to training, reporting, 
and maintenance for immunity, resulting in the fear of liability. 

HB 4 removes these conditions for businesses and institutions that voluntarily 
install AEDs, It is important to note that the bill does not provide Good 
Samaritan liability protections for cases resulting from gross negligence. 

While the American Heart/American Stroke Association believes that the 
requirements in current law are impo1tant, we know that sudden cardiac anest is 
100 percent fatal if not treated quicldy. For every minute without a shock to the 
heart, the chance of survival decreases by 7 to 10 percent. 

The American Heart/American Stroke Association believes that passage of this 
bill will result in increased access to AEDs and more opportunities for Good 
Samaritan acts and more lives saved. 

Sincerely, 

{tir~~ 
Senior Director of Advocacy and Policy Campaigns 

Serving the stales of Alaska, Arizona, California, Hawaii, Idaho, Mon_tana, Nevada, <?!ef!o_n, Utah. and Washington 



( ... Heart Rhythm Society .. 

Sudden Cardiac Arrest Fact Sheet 

• Sudden Cardiac Arrest (SCA) is a leading cause of death in the United States, 
claiming more than 350,000 lives each year. 1

•
2 

• An estimated 382_,800 people experience sudden cardiac arrest in the United 
States each year. ' 

• Approximately 92% of those who experience sudden cardiac arrest do not 
• 2 

survive. 

• SCA kills more than 1,000 people a day, or one person every 90 seconds 1
'
2

- a 
number great than the number of deaths each year from breast cancer, lung 
cancer, stroke or AIDS. 

• Cardiovascular disease3 is the leading cause of death in the U.S. and most deaths 
from it are attributable to SCA, where the heart abruptly and unexpectedly ceases 
to beat so that no blood can be pumped to the rest of the body. 

• The most common cause of SCA is a heart rhythm disorder (arrhythmia) called 
ventricular fibrillation (VF). VF is an "electrical problem" in the heart. Without 
immediate emergency help, death follows within minutes of an episode of 
ventricular fibrillation. 

• SCA most often occurs in patients with heart disease, especially those who have 
congestive heart failure and have had a heart attack. 2 

• It is estimated that 95 percent of victims who experience SCA die before they 
reach a hospital or some other source of emergency help.7 

• As many as 75 percent of people who die of SCA show signs of a previous heart 
attack. Eighty percent have signs of coronary artery disease. 4 

• SCA is not a random event. Although it may occur in outwardly healthy people, 
most victims do have heart disease or other health problems, often without being 
aware of it. 5 

• SCA is not a heart attack, or myocardial infarction (MI), which is when a 
blockage in a blood vessel interrupts the flow of oxygen-rich blood to the heart, 
causing the heart muscle to die. If you think of your heart as a house, SCA would 
be a problem with the electricity; a heart attack would be a problem with the 
plumbing. 

• African Americans are more likely to die from SCA than Caucasians. 6 

1 



1 Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke statistics-2012 update: a report 
from the American Heart Association. Circulation. 2012;125:e2-e220. 

2 MMWR Weekly July 29, 2011. Surveillance Summaries Vol. 60/No.8. Out-of-Hospital Cardiac Arrest 
Surveillance - Cardiac Arrest Registry to Enhance Survival (CARES), United States, October 1, 2005 -
December 31, 2010. 

3 Murphy SL, Xu JQ, Kochanek KD. Deaths: Preliminary data for 2010. National vital statistics reports; vol 
60 no 4. Hyattsville, MD: National Center for Health Statistics. 2012. 

4 Cleveland Clinic Heart Hub. Accessed September 26,2012. 
http://my.cl eve I a ndcl in i c. org/h ea rt/disorders/ el ectri cf scd .aspx 

5 Fishman GI, Chugh SS, Dimarco JP, et al. Sudden Cardiac Death Prediction and Prevention. Report From 
a National Heart, Lung, and Blood Institute and Heart Rhythm Society Workshop. Circulation. 2010 Nov 
30;122(22):2335-48. 

6 Galea S, Blaney S, Nandi A, Silverman R, Vlahov D, Foltin G, Kusick M, Tunik M, Richmond N. Explaining 
racial disparities in incidence of and survival from out-of-hospital cardiac arrest. Am J Epidemiol. 2007; 
166:534 -543. 

7 Pell JP, Si rel JM, Marsden AK, et al. Presentation, management, and outcome of out-of-hospital 
cardiopulmonary arrest: comparison by underlying etiology. Heart. 2003; 89 :839-42. 

2 



What Is an Automated External Defibrillator? 

An automated external defibrillator (AED) is a portable device that checks the heart rhythm and can 

send an electric shock to the heart to try to restore a normal rhythm. AEDs are used to treat sudden 

cardiac arrest (SCA). 

SCA is a condition in which the heart suddenly and unexpectedly stops beating. When this happens, 

blood stops flowing to the brain and other vital organs. 

SCA usually causes death if it's not treated within minutes. In fact, each minute of SCA leads to a 10 

percent reduction in survival. Using an AED on a person who is having SCA may save the person's life. 

Overview 

To understand how AEDs work, it helps to understand how the heart works . 

The heart has an internal electrical system that controls the rate and rhythm of the heartbeat. With 

each heartbeat, an electrical signal spreads from the top of the heart to the bottom. As the signal 

travels, it causes the heart to contract and pump blood. The process repeats with each new heartbeat. 

Problems with the electrical system can cause abnormal heart rhythms called arrhythmias (ah-RITH­

me-ahs) . During an arrhythmia, the heart can beat too fast, too slow, or with an irregular rhythm. 

Some arrhythmias can cause the heart to stop pumping blood to the body. These arrhythmias cause 

SCA. 

The most common cause of SCA is an arrhythmia called ventricular fibrillation (v-fib). Inv-fib, the 

ventricles (the heart's lower chambers) don't beat normally. Instead, they quiver very rapidly and 

irregularly. 

Another arrhythmia that can lead to SCA is ventricular tachycardia (TAK-ih-KAR-de-ah). This is a fast, 

regular beating of the ventricles that may last for only a few seconds or for much longer. 

In people who have either of these arrhythmias, an electric shock from an AED can restore the heart's 

normal rhythm . Doing CPR (cardiopulmonary resuscitation) on someone having SCA also can improve 

his or her chance of survival. 



AEDs are lightweight, battery-operated, portable devices that are easy to use. Each unit comes with 

instructions, and the device will even give you voice prompts to let you know if and when you should 

send a shock to the heart. 

Learning how to use an AED and taking a CPR course are helpful. However, if trained personnel aren't 

available, untrained people also can use an AED to help save someone's life. 

You often find AEDs in places with large numbers of people, such as shopping malls, golf courses, 

businesses, airports, airplanes, casinos, convention centers, hotels, sports venues, and schools. You 

also can purchase a home-use AED. 

Outlook 

Ninety-five percent of people who have SCA die from it-most within minutes. Rapid treatment of SCA 

with an AED can be lifesaving. 

When Should an Automated External Defibrillator Be 
Used? 

Using an automated external defibrillator (AED) on a person who is having sudden cardiac arrest 

(SCA) may save the person's life . 

The most common cause of SCA is an arrhythmia called ventricular fibrillation (v-fib) . Inv-fib, the 

ventricles (the heart's lower chambers) don't beat normally. Instead, they quiver very rapidly and 

irregularly. 

Another arrhythmia that can lead to SCA is ventricular tachycardia. This is a fast, regular beating of 

the ventricles that may last for a few seconds or much longer. 

In people who have either of these arrhythmias, an electric shock from an AED can restore the heart's 

normal rhythm (if done within minutes of the onset of SCA). 

What Are the Signs of Sudden Cardiac Arrest? 

If someone is having SCA, you may see him or her suddenly collapse and lose consciousness. Or, you 

may find the person unconscious and unable to respond when you call or shake him or her. 



The person may not be breathing, or he or she may have an abnormal breathing pattern. If you 

check, you usually can't find a pulse. The person's skin also may become dark or blue from lack of 

oxygen. Also, the person may not move, or his or her movements may look like a seizure (spasms). 

An AED can check the person's heart rhythm and determine whether an electric shock is needed to try 

to restore a normal rhythm. 

How Does an Automated External Defibrillator Work? 

Automated external defibrillators (AEDs) are lightweight, battery-operated, portable devices that are 

easy to use. Sticky pads with sensors (called electrodes) are attached to the chest of the person who 

is having sudden cardiac arrest (SCA). 

The electrodes send information about the person's heart rhythm to a computer in the AED. The 

computer analyzes the heart rhythm to find out whether an electric shock is needed. If a shock is 

needed, the AED uses voice prompts to tell you when to give the shock, and the electrodes deliver it. 

Using an AED to shock the heart within minutes of the start of SCA may restore a normal heart 

rhythm. Every minute counts. Each minute of SCA leads to a 10 percent reduction in survival. 

Training To Use an Automated External Defibrillator 

Learning how to use an AED and taking a CPR (cardiopulmonary resuscitation) course are helpful. 

However, if trained personnel aren't available, untrained people also can use an AED to help save 

someone's life. 

Some people are afraid to use an AED to help save someone's life. They're worried that something 

might go wrong and that they might be sued. However, Good Samaritan laws in each State and the 

Federal Cardiac Arrest Survival Act (CASA) provide some protection for untrained bystanders who 

respond to emergencies. 

Facility owners who are thinking about buying an AED should provide initial and ongoing training to 

likely rescuers (usually people who work in the facility). Also, it's important to properly maintain an 

AED and notify local emergency officials of its location. 
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Effects of AED device features on performanc..e by_µntrain_~cJ laypersons*•** 

Vincent N. Mosesso Jr. a,* , Alan H. Shapiro a, Karen Steinb, Kelly Burkette, Henry Wanga 
• Department of Emerge.ncy Medicine, University of Pittsburgh Schoof of Medicine, Pittsburgh, PA, United States 
b Magee-Womens Hospital of UPMC, Pittsburgh, PA, United States 
'University of Pittsburgh School of Medicine, Pittsburgh, PA, United States 

ARTICLE INFO ABSTRACT 

Article history: 
Received 18 December 2008 
Received in revised form 24 July 2009 
Accepted 31 July 2009 
Available online xxx 

Keywords: 
Automated external defibrillator 
Ergonomics 

Objective: Our study evaluates the impact of features of automated external defibrillators (AEDs) on the 
performance and speed of untrained laypersons to. deliver_a shock and initiate CPR after a shock. 
Methods: This was a randomized trial of volunteer laypersons without AED or advanced medical training. 
Subjects were assigned to use one of six different models of AEDs on a manikin in simulated cardiac arrest 
No instructions on AED operation were provided. Primary endpoints were shock delivery and elapsed 
time from start to shock. Secondary endpoints included time to power-on, initiation of CPR, adequacy of 
pad placement and subjects' ratings of ease of use {1 • very easy, 5 • very difficult). 

Public access defibrillation 

t 
i 

{ 

Results: Most subjects (109/120; 91 %) were able to deliver a shock. Median time from start of scenario 
to shock delivery was 79 s (IQR: 67-99). Of the 11 participants who did not deliver shock, eight never 
powered on the device. Time to power-on was shorter in devices with open lid (median 12s, IQR 8-27 s) 
and pull handle (17 s, lQR9-20s) mechanisms than with a push button (37 s, IQR 18-69s; p=0.000). Pad 
position on the manikin was judged adequate for 86 (77%) of the 111 subjects who placed pads. Devices 
which gave more detailed voice instruction for pad placement had higher rates of adequate pad position 
(38/39 (97%) versus 50/73 (68%), p • 0.001 ]. With AEDs that provided step-by-step CPR instruct ion, 49/58 
(84%) subjects began CPR compared to 26/51 {51%) with AEDs that only prompted to start CPR (p • 0.01 ). 
Participants rated all the models easy to use (overall mean 1.48; individual device means 1.28-1 .71 ). 
Conclusions: Most untrained laypersons were successful in delivering a shock. Device features had the 
most impact on these functions: ability and time to power-on device, adequacy of pad position and 
initiation of CPR. 

1. Introduction 

Sudden cardiac arrest (SCA) is the leading cause of death among 
adults iri the United States, striking as many as 325,000 individuals 
per year.1 A common cardiac rhythm disturbance associated with 
sudden cardiac arrest is ventricular fibrillation (VF), for which the 
only effective treatment is rapid defibrillation. 

New simplified automated external defibrillators (AEDs) enable 
untrained laypersons to deliver shocks to victims of cardiac arrest. 
A simulation study showed that sixth graders can deliver a rescue 
shock only 30 s slower than an experienced emergency medical 
technician or paramedic.2 Another study showed that a 30 min 

* A Spanish translated version of the abstract of this article appears as Appendix 
in the final online version at doi :10.1016/j .resuscitation.2009.07.01 6. 
** Presented at National Association of EMS Physicians Annual Meeting, Naples, 

FL, 11 January 2007. 
• Corresponding author at: Department of Emergency Medicine, University of 

Pittsburgh .School of Medicine, 3600 Forbes Avenue, Forbes Tower, Suite 10028, 
Pittsburgh, PA 15213, United States. Tel.: +1 412 647 1103 ; fax : +1 412 647 1111. 

E1maii address: mosessovn@upmc.edu (V.N. Mosesso Jr.). 

0300-!!572/$ - see front matter 10 2009 Elsevier Ireland Ltd. All rights reserved. 
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course in CPR and AED use was equivalent to the traditional full 
length course even after 6 months had passed, and that the AED was 
applied 93% of the time.3· Additionally, a recent study using three 
distinct methods of instruction to teach AED application and CPR, 
showed that all three methods were highly effective at instructing 
participants on AED use.4 

There are many AED models available and these models have 
been shown to have varying success rates when used by layper­
sons. These models have similar functions, but features that affect 
the ease and speed of use vary among the devices. Simulation stud­
ies have shown marked variation in layperson operation.5- 9 Since 
rapid defibrlllation is of paramount importance in the treatment of 
SCA, it is important to identify what makes a device easy to use. 

The majority of studies ·involving layperson AED use focus on 
the operation of the overall device and how quickly a shock can be 
delivered.5- 10 One study looked at pad placement and successful 
shock delivery,4 and another study looked at the time from first 
shock to the initiation ofCPR.8 

This study focuses on specific ergonomic features of AEDs and 
how they affect the ease and speed with which a shock can be 
delivered, and how quickly after a shock CPR is initiated. We 
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hypothesized that successful device operation is based on the abil­
ity to rapidly perform these main steps: turning the device on, 
placing the .pads, delivering a shock, and starting CPR. 

2. Methods 

This was a prospective, randomized, observational evaluation 
of features of selected trainer AEDs in a controlled simulation envi­
ronment. Volunteer subjects were assigned to one of the devices 
using a computer generated randomization table (Microsoft Excel). 
Cross-over design was not used due to concern for learning effect. 
The study was conducted at a university-affiliated sports medicine 
clinic and at a university event center. 

A "trainer AED" was defined for this study as a training device 
designed to not deliver an electrical current while simulating shock 
or a clinical device with the shock function modified to prevent 
actual shock delivery. The devices were otherwise similar to the 
actual clinical devices. 

The model of AED for each manufacturer was selected and pro­
vided by the manufacturer as the model that would be easiest for 
use by untrained lay persons. Device features were categorized a 
priori by the authors as shown in Table 1. Voice instruction for pad 
placement was categorized as simple or detailed. Simple instruc­
tion was voice prompt stating only to place pads on chest; detailed 
included more step-by-step instruction such as to remove backing 
from pads and more specific location description. All AEDs were 
programmed according to The American Heart Association 2000 
Guidelines. 

Volunteer subjects were recruited by flyers and direct contact 
with the investigators. The only exclusion criteria were prior train­
ing or experience in the use of an AED. Subjects received a five dollar 
gift card for use at the on-site coffee shop. 

The study protocol was as follows: after agreeing to partici­
patei!subjects were screened for prior AED training and/or use and 
informed consent was obtained. The subject was given an instruc­
tion tard that read, "In the adjacent area you will find a manikin and 
an Aptomated External Defibrillator. The manikin represents a per­
son who is unconscious and not breathing. When instructed, enter 
the loom and attempt to use the device as quickly as you can." No 
inst~uctions on AED operation were given. The subject entered the 
roo1 and attempted to use the device. The scenario was designed 
sue that the first analysis made by the AED recommended a shock 

' I 
Tabl 1 
Com ~arlsons of individual characteristics of AEDs by model. 

and, if a shock was delivered, the next analysis advised shock not 
indicated. The scenario was stopped when CPR was initiated, 5 min 
of time had elapsed, or the subject expressed the desire to stop. 
The subject then completed a questionnaire. Questions addressed 
device operation, ability to locate and place pads, and voice, text 
and graphic prompts. 

Time and event data were collected using simulation train­
ing software (SimMan, Laerdal Corporation) and transferred to 
Microsoft Excel. Times for the following actions were documented: 
start of scenario, AED power-on, pads placed, shock delivered, 
and start of CPR. The manikin's' chest was photographed at the 
end of the scenario. Using the photos, a paramedic and a nurse 
not associated with the study independently evaluated the ade­
quacy of pad placement for every scenario. They were instructed 
to judge each case as "adequate" or "not adequate" based on pad 
location and placement on bare skin to deliver successful shock. 
In the event they were unable to agree, an EMS physician not 
involved in the study was consulted to make the final determina­
tion. 

Primary endpoints were shock delivery and elapsed time from 
start of scenario to shock. Sample size determination was calcu­
lated based on power of o:irfo detect 25% absolute difference 
from 90% of subjects performing shock delivery with alpha at 
0.05; this yielded need for 102 subjects. Secondary endpoints 
included time to power-on, time from second rhythm analysis to 
initiation of CPR, adequacy of pad placement and subject survey 
responses. Dichotomous data were compared with Chi-square or 
Fisher's exact test and continuous data with ANOVA. We com­
pared performance differences among ergonomic features using 
survival analysis. Subjects rated the ease of use on a 5-point Lik­
ert scale (1 =very easy, 5 = very difficult). Data were analyzed using 
Microsoft Excel and STATA. We compared elapsed time differences 
using the Kaplan-Meier log.:rank and Kruskal-Wallis tests. Only 
subjects who completed the specific task were included in time 
analyses. 

This study was approved by the university Institutional Review 
Board. 

3. Results 

One hundred and twenty persons participated in the study. All 
but one completed high school and 45% had obtained a bachelor 

De ice name Power on mechanism Pad location Pad placement Shock instruction CPR instruction Extras 

Cardiac Science Open lid button 
PowerHeart AED 
G3 

Heartsine Samaritan On/off button 
PAD 

Medtronic CR Plus 

Phillips Heartstart 
OnSite 

Welch Allyn AED 10 

Zoll AED Pro 

Open lid button 

Large pull handle 

On/off button 
( inside zippered caseb) 

On/off button 
(inside zippered caseb) 

voice 
instruction' 

In lid upon opening Detailed 

Pre-connected, Simple 
underneath 
machine 

Pre-connected, pull Simple 
handle to release 

Under cover, pull Detailed 
handle to release 

Pre-connected, in Simple 
pouch on top of case 

Pre-connected, in Simple 
pouch on top of case 

Flashing light, voice Step by step 
and audio prompt 

Flashing lights, voice Prompt to start 
prompt 

Flashing lights, voice Step-by s tep 
prompt, audible tone 

Flashing light, voice Step by step 
prompt, audible tone 

Button illuminates, Prompt to start 
voice and audio 
prompt 
Button illuminates, Prompt to start 
voice prompt, 
audible tone 

' All devices· prov1d·e visual prompts on pads, packaging, device or all three. See methods for defipition of.simple ;ind detaile.!l.~ . 
b Case required to stow pads. 

Backlit screen to reinforce 
audio prompts, CPR countdown 

Voice instruction for rescuer, 
audible manikin clicking noise 
every time a chest 
compression is to be delivered 
CPR Timer, audio instruction to 
check breathing, if not 
breathing to start CPR 
Detailed voice instructions, 
button to push for detailed 
help with CPR instructions 
Audio instruction to check 
airway, check breathing, start 
CPR 
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T~ble2 
Partici_pant charact~ristics. 

Cardiac science Heartsine Medtronic Phillips Welch Allyn Zoll AIIAEDs P-Value 

Age(years) 
Median (range) 21.5 (18- 59) 25.5 ( 19-61) 23.0 (18-66) 27.0 (18-77) 24.5 (18-60) 32.0 (18-64) 25 .0 (18-77) 
Average 28.7 29.5 28.2 35.5 33.8 35.6 31.9 0.663 

Sex 
Male(%) 9 13 9 9 . - 9 -- . - ·- 15 64(53) 
Female(%) 11 7 11 11 11 5 56(47) 0.166 

Language' 
English(%) 18 19 19 19 18 20 113 (94) 
Other(%) 2 1 1 1 1 0 7(6) 0.527 

Education• 
Some high school(%) 1 0 0 0 0 0 1 (1) 
High school(%) 3 2 2 4 3 15 (12) 
Some college (%) 9 9 9 7 8 6 48 (40) 
Bachelors (%) 4 5 6 5 5 6 31 (26) 
Masters(%) 1 2 2 5 2 2 14(12) 
Doctorate(%) 2 2 1 1 0 1 7(6) 
Other(%) 0 0 0 0 0 ..... --- 2 2(2) 0.888 

Medical training' 
None(%) 8 9 13 11 11 8 60(50) 
CPR(%) 3 4 1 2 3 3 16(13) 
First aid(%) 4 2 1 1 0 2 10 (8) 
Both(%) 5 5 5 6 6 7 34(28) 0.982 

• One participant in the Welch Allyn group did not report a primary language, level of education, or medical training. 

or post-graduate degree. Nearly half ( 42%) of participants reported 
prior CPR training (Table 2). 

Most subjects (91%) were able to deliver shock. The most com­
mon individual step leading to failure to deliver shock was failure 
to power-on device (eight of 11 subjects) (Table 3). One hundred 
and eight (90%) subjects delivered shock within 180 s of starting the 
scenario. Median time from start to shock was 79 s (IQR: 67-99) but 
varied by device model (56-103 s, p = 0.001) (Table 4 and Fig. 1 ). 

Feature-based analysis (Table 5) revealed that time to power­
on was shorter in devices with open lid (median 12s; IQR 8-27s) 
and pull handle (median 17 s; IQR 9-20s) mechanisms than with a 
push button(median37 s; IQR 18-69 s)(p = 0.000). Pad position was 
judged adequate for 86 (77%) of the 111 subjects who placed pads. 
D vices which gave detailed audio instruction for pad placement 
h~d higher rates of adequate position (36/38 (95%) versus 50/73 
(6'8%), p = 0.001 ]. 

Table3 
S~bject performance of individual steps by device model. 

evice (N) Powered on, N (%) Pads placed on chest, N (%) 

ardiac science (20) 19(95) 18(90) 
. eartsine (20) 16(80) 17 (85)b 

edtronic (20) 20(100) 20(100) 
hillips (20) 20(100) 20(100) 

Welch Allyn (20) 19(95) 17(85) 
i:011(20) 18(90) 19(95Jb 

Ali models (120) 112 (93) 111 (92) 

Only 75/109 (69%) subjects began CPR after shock delivery. With 
AEDs that provided step-by-step CPR instruction, 49/58 (84%) sub­
jects began CPR compared to 26/51 (51%) among those who used 
AEDs that only prompted·to start CPR (p = 0.01) (Table 5 ). 

Participants rated all the models easy to use (overall median 1, 
IQR 1-2). However statistical differences were noted among the 
devices when participants were asked how easy it was to turn the 
device on (p = 0.049), ease of removing the backing from the AED 
pads (p=0.002), when to call 911 (p = 0.003), and the ease of under­
standing the instructions for appropriate pad placement(p = 0.019). 

4. Discussion 

Many cardiac arrest victims who now die can be saved with 
prompt defibrillation.5 Fonh:is to occur, laypersons must be able 
to use AEDs quickly and effectively. Our study found that a high per-

Adequate pad location•, N (%) Shock delivered, N (%) CPR started, N (%) 

16(89) 18(90) 16(80) 
11 (65) 16(80) 9(45) 
17 (85) 20 (100) 15 (75) 

20 (100) 20 (100) 18 (90) 
12 (70) 17 (85) 8 (40) 
10(53) . --- .. 18 (90) 9(45) 

86 (77) 109(91) 75 (62) 

• Percentage reflects only the number of participants who placed the pads on the manikin. 
b One participant in each group placed the pads on the chest without turning the device on. 

Table4 
Comparison of individual step time intervals by device model - median times (s (IQJl.)). 

Device Start to on On to pad placement Pad placement to shock Overall time to shock Shock to CPR 

Cardiac science 8 (5-9) GB (57-80) 34 (32-35) 101 (90-110) 45 (38-69) 
Heartsine 32 (13-51) 43 (21-44) 23 (21-25) 62 (62-70) 34 (34-45) 
Medtronic 25 (17- 38) 48 (40-53) 26 (24-32) 76 (67-86) 44 (35-51) 
Phillips 17 (9-20) 59(51-65) 25 (25'-26) - - ·· s4 (77-97) 44 (34-55) 
Welch Allyn 37 (19-54) 27 (18-45) 21 (16-28) 56 (36-74) 47 (40- 48) 
Zoll 66 (25-112) 74 (63- 106) 25 (23- 28) 103 (74-137) 39 (28-42) 

Ali models 20(10-44) 51 (39-67) 25(23-33) 79 (67-99) 42 (35-53) 
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Fig. 1. Time intervals from start of scenario to shock delivery (median, IQ,R, and 
range shown). 

centage of participants were able to deliver a shock within 180 s, 
which was also reported by other studies.5- 12 Other studies found 
that removing unnecessary voice prompts can shorten the amount 
of hands off time for the performance of CPR, and efforts to decrease 
the time to delivery of first shock and to encourage chest com­
pressions after the first shock are likely to improve resuscitation 
success.13:14 Prior studies have compared different models of AEDs 
but this study is unique in its findings that specific device features 
impact AED operation and subsequent initiation of CPR. Our study 
found that ergonomic features had the greatest impact on three 
actions: powering on device, proper pad placement, and starting 
CPR after shock. 

The devices with the open lid and pull handle power-on mech­
anisms had large identifying words or indicators easily noticed by 
the participants. The start buttons proved to be more difficult to 
locate and when the device was housed in a zipper case the amount 
of time it took for the study participant to push the start button 
increased by doubling their task load. Only two models took users 
significantly longer than the others to deliver a shock and one of the 
devices also took subjects longer to power-on by pushing a button. 
Overall, powering on the device on was the single most rate limiting 
step as eight participants were unable to accomplish this task. 

Pr.oper, pad placement is likely affected by multiple variables, 
incl ding visual and audible instructions, location of pads in device 
or device case, and ease of backing removal. Pad placement was 
deeltled adequate more often when the device gave more detailed 
voke instruction. One exception was the Medtronic device, which 
was ~ssociated with high rate of adequate pad placement but was 
judged pre-trial to have less detailed voice instructions. This device 
has ~olor coded visual prompts on pads and packaging which may 
have increased proper positioning. Pad placement was also found to 
be aijequate more often when the storage location of the pads was 

l 
Table·s 
Subject perform~nce of individual steps by device feature. 

sitting on top of the device than when underneath the device or in a 
pouch or carrying case. This may be due to the layperson's ability to 
see the pads immediately upon opening the device. The device with 
both pads adhered to one backing tended to take rescuers longer 
to apply compared to·those with"Separate backing. Inadequate pad 
placement was reported by Andre, who found that voice instruc­
tion and visual aids available to the lay rescuer led to more optimal 
pad placement for an adequate shock to be delivered.3 While pad 
placement was often deemed inadequate by independent evalua­
tors, it must be recognized that shock efficacy for some placements 
deemed inadequate is not known. 

Laypersons (with or without prior CPR training) were more 
likely to start CPR when using devices that provided more spe­
cific instructions on doing CPR. Although this would seem to take 
longer, time from shock to beginning CPR did not significantly differ 
between the devices·with more 'detailed instruction (Cardiac Sci­
ence, Medtronic, Phillips) and those that simply stated to start CPR 
(Heartsine, Welch Allyn, Zoll). It is important to note that during 
this study there was a time delay for the AEDs to re-analyze after a 
shock, as the AEDs were programmed according to the 2000 Amer­
ican Heart Association Guidelines. Initiation of CPR was looked at 
in another study, which had similar findings that the key factors 
for failure to do CPR were the content and the volume of the voice 
prompts, and that lay rescuers placed a great deal of trust in device 
prompts.8 

While all participants rated the devices easy to use, there were 
some significant differences·reported in the post scenario survey. 
Being able to turn the device on is critical to operation of any AED. 
The pull handle and push to open (devices started automatically 
once the lid was opened) AEDs were rated easier to use when com­
pared to the AEDs with an on/off button. Our participants found 
that most of the devices provided clear prompt to call 911, but they 
rated the Zoll unit less clear than the others. 

The ability of participants to remove the backing from the pads 
varied among the models of AEDs as well. This may have had 
to do with instruction on removing the backing from the pads, 
pad adherence to the backing material, or the participants' lack of 
understanding that some of rhe- pads are placed back to back with 
one piece of material in between them. The Cardiac Science and 
Zoll pads were rated as the most difficult to remove, whereas the 
Heartsine and Medtronic pads were deemed the easiest. 

Based on our findings, the authors propose combining the best 
features from different models into an "optimal" AED. The open lid 
or pull handle are superior to the push button in ease and speed 
of powering on the device. Design not requiring a separate case, 
such as the zippered cases, also decreases time to power-on. Device 
design should allow immediate visibility of pads upon initiation of 
use, and pads should have separate backing which is clearly marked 
with a removal tab. Pad placement instruction should be as detailed 
as possible, as the more detailed the pad placement instruction the 
more likely pad placement is to be adequate to deliver a successful 
shock. CPR instruction should be given as step-by-step instruc-

Feature Participant success, N (%) P-Value Median time (s (IQR)) P-Value 

Power-on mechanism (N a all subjects) 
Open lid ( 40) 
Pull handle (20) 
Push button (60) 

Pad placement instruction (N• subjects who turned on device) 
Simple voice instruction {73) 
Detailed voice instruction (38) 

CPR instruction (N a subjects who delivered shock) 
Start CPR only (51) 
Step-by-step instruction (58) 

Powered on 
39(97) 
20 (100) 
53 {88) 
Adequate placement 
50(68) 
36(95) 
CPR initiated 
26(51) 
49(84) 

0.079 

0.001 

0.01 

12 (8- 27) 
i7 (9- 20) 
37 (18-69) 0.000 
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tion, including talking the user through chest compressions, as lay 
r~scuers are more likely to perform CPR with instruction than with­
o~t. as concluded in another study.15 The visibility of power-on 
mechanism, the ease of finding pads, clarity and preciseness of 
p~d placement instructions and step-by-step CPR instruction are 
et-gonomic features that can be modified to assist the lay rescuer 
in increasing the ease and speed of use of the AED. We suggest 
that for each step of AED operation, both the clarity and complete­
ness of instructions (aural and visual) and the intrinsic ergonomic 
attributes of the device should be optimized. 

Device features associated with increased performance rate 
were not always associated with shorter times to shock. This may 
reflect benefit of more detailed instructions for untrained users. 
Trained users may be able to deliver shock faster with less intensive 
verbal instruction. 

Our study has a number of important limitations. Performance 
in a simulated setting may not reflect actions in an actual cardiac 
arrest. Subjects may not have represented the general US pop­
ulation, as 45% completed college, only 2 were over the age of 
65, and none were under the age of 18. We presumed all sub­
jects were truthful and did not use an AED or have any prior 
AED training. In six cases English was not the primary language 
and this may have impeded those subjects ' ability to follow the 
instructions and prompts correctly. Some photos of pad place­
ment were not labeled properly so we could not determine the 
number of subjects who both delivered shock and placed pads in 
adequate position. Features not assessed in this study may also 
impact device use; we tried to select those that seemed most impor­
tant. 

Future studies could explore the effect of non-standard pad loca­
tion on shock success, factors that might improve the location of 
pad placement and the ability of untrained individuals over the age 
of 65 or under the age of 18 to operate an AED. 

5. Conclusion 

In a simulated cardiac arrest setting, most untrained AED users 
were able to deliver a shock within 180 s. Pad placement was often 
inadequa,te. Device features were found to have the most impact 
on time to power-on, accuracy of pad placement and initiation of 
CPR. 
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AUTOMATED EXTERNAL DEFIBRILLATOR USE BY UNTRAINED BYSTANDERS: 

CAN THE PUBLIC-USE MODEL WORK? 

Anthony D. Andre, PhD, Dawn B. Jorgenson, PhD, Jamie A":·-Froman, MBA, 
David E. Snyder, MS, Jeanne E. Poole, MD 

ABSTRACT 

Objective. For automated external defibrillators (AEDs) to be 
practical for broad public use, responders must be able to use 
them safely and effectively. This study's objective was to 
determine whether untrained laypersons could accurately 
follow the visual and voice prompt instructions of an AED. 
Methods. Each of four different AED models (AEDl, AED2, 
AED3, and AED4) was randomly assigned to a different 
group of 16 untrained volunteers in a simulated cardiac 
arrest. Four usability indicators were observed: 1) number of 
volunteers able to apply the pads to the manikin skin, 2) 
appropriate pad positioning, 3) time from room entry to 
shock delivery, and 4) safety in terms of touching the patient 
during shock delivery. Results. Some of the 64 volunteers 
who participated in the study failed to open the pad 
packaging or remove the lining, or placed the pads on top 
of clothing. Fifty-percent of AED2 pads and 44% of AED3 
pads were not placed directly on the manikin skin compared 
with 100% of AED1 and AED4 pads. Adjacent pad displace­
ments that potentially could affect defibrillation efficacy 
v'{e,re observed in 6% of AED1, 11 % of AED2, 0% of AED3, 
ahd 56% of AED4 usages. Trme to deliver a shock was within 
3/5 minutes for all AEDs, although the median times for 
.A!ED1 and AED4 were the shortest at 1.6 and 1.7 minutes, 
r~spectively. No significant volunteer contact with the 

anikin occurred during shock delivery. Conclusions. This 
s dy demonstrated that the AED user interface significantly 
. · · uences the ability of untrained caregivers to appropriately 

· ace pads and quickly deliver a shock. Avoiding grossly 
· appropriate pad placement and failure to place AED pads 

. ectly on skin may be correctable with improvements in the 
~ D instruction user interface. Key words: automated 
4temal defibrillators; cardiac arrest; resuscitation; emer­
gency medical services. 
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Sudden cardiac arrest (SCA) is a leading cause of death 
in the United States, resulting in 250,000 to 450,000 
deaths per year.1,2 Unlike many other life-threatening 
illnesses and conditions, sudden cardiac arrest due to 
ventricular fibrillation (VF) often occurs outside of 
a medical setting. The .estimated national survival rate 
is less than 5%.3 Survival from SCA has been well 
correlated with the rapidity of delivering a successful 
defibrillatory shock. In most instances, survival is 
limited by the arrival time of an emergency medical 
service with the capacity to provide rapid defibrilla­
tion. If no bystander CPR is provided, survival 
decreases dramatically for every minute that transpires 
between collapse and successful defi.brillation.3 

Recently, access to automated external defibrillators 
(AEDs) has increased - · in public and corporate 
environments. For example, AEDs have been placed 
in airports, airplanes, shopping malls, government 
buildings, and various other public places.4 In most of 
these environments, selected individuals (e.g., flight 
attendants) are trained to use the devices. However, it 
is clear that, to make an impact on the SCA mortality 
rate, these devices must be made accessible to and 
usable by bystanders, who may not have received prior 
AED. training . . Moreover, for these devices to be 
practical for broad public use, they must be designed 
in a way that allows people to use them quickly, easily, 
and effectively in the context of an unexpected and 
dramatic emergency medical situation. This premise 
represents an important challenge to AED manu­
facturers, many of whom have historically designed 
devices to be used by trained medical professionals 
(e.g., nurses or emergency medical technicians (EMTs]) 
and, more rece!ltly, by_ _selected and trained lay in­
dividuals (e.g., flight attendants, lifeguards, or security 
personnel). Current-generation AEDs all have voice 
prompts and graphical instructions to guide the user. 
But it is not known whether these interfaces are 
sufficient in supporting a public-use model for un­
trained bystanders. 

Given that success with lay users is a critical goal for 
the broad public deployment of AEDs, it is important 
to determine whether AEDs can be used effectively, 
and without undue difficulty, by the average layper­
son.5,6 Our objectives were, first, to determine whether 
laypersons with no prior exposure or training with 
AEDs could accurately follow the voice and graphical 
prompts in a simulated cardiac arrest, and, second, to 
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d.etermine if there were observable differences between 
four AEDs in terms of usability. The primary goal of 
this study was to gain insight into AED usage with 
untrained volunteers. This information could then be 
in¢orporated into the design improvements of AEDs. 
The four usability factors evaluated were: 1) number of 
volunteers able to remove pads from packaging, 
remove the liner, and apply the pads to the manikin 
skin, 2) appropriate pad placement as guided by the 
manufacturer's pad icon, 3) time from room entry to 
shock, and 4) safety in terms of touching the patient 
during shock delivery. 

METHODS 

Volunteer Selection and Randomization 
The study was conducted in April 2003 at the Usability 
Testing Research Facility of Interface Analysis 
Associates, a human factors, ergonomics, and usability 
consulting firm. Adult participants between the ages of 
35 and 55 years were recruited via public advertise­
ment and direct-mail letters to local businesses. 
Participants were prescreened via phone interview 
and excluded if they worked in medical or related 
fields, or had any exposure to, prior training, or 
familiarity with AEDs. Participants were also excluded 
if they self-disclosed any of the following: poor English 
c6mprehension, cardiopulmonary resuscitation (CPR) 
~aining within the last 24 months, sight or hearing 
iippairment (that was not corrected), or injuries or 
cij.sabilities that would prevent the participant from 
bl:?nding down, kneeling on the ground, or holding 
a package. All participants granted written permission 
and received $50 for participation. The study was 
f empted from institutional review board approval 
Ifcause it did not meet the criteria of an investigational 
study and was determined to have nonsignificant risk. 
\ Volunteers were assigned to one of the four AED 
groups using a stratified random sampling technique, 
~here gender and age were equally distributed across 
tie four groups. Within the block randomization strata, 
volunteers were sequentially assigned to an AED in the 
o~der they presented for testing. Each of the four AEDs 
v-}as used by a different group of 16 participants. 

AEDs Used 
To examine our assumption that AEDs differ in the 
quality of voice and graphical prompts, thus affecting 
usability, four different AEDs were studied: AEDl was 
the Philips HeartStart OnSite (Seattle, WA), AED2 was 
the Zoll AED Plus (Chelmsford, MA), AED3 was the 
Cardiac Science Powerheart (Irvine, CA), and AED4 
was the Medtronic CRPlus (Minneapolis, MN). To 
make the simulation more realistic, clinical AEDs were 
used as opposed to AED trainers. The AEDs were 
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FIGURE 1. The manikin with wires stitched into the skin covering the 
right and left sides from the upper chest through the abdomen. The 
wires were attached inside the manikin to a rhythm simulator to 
provide the electrocardiographic (ECG) ventricular fibrillation (VF) 
signal. The wires allowed transmission of impedance and ECG 
signals to the electrode pads simulating a patient in VF. 

modified so that, when the shock button was pressed, 
no actual shock was delivered. No other modifications 
were-made- to the AEDs: Fully charged batteries and 
clinical pads were used throughout the study. 

Resuscitation Simulation Setup 
The volunteers were asked to rush into a room and 
attempt to use an AED to resuscitate a victim of sudden 
cardiac arrest. Volunteers were provided with only 
basic information about the main functions of an AED 
(AppendixA) before they entered the room where they 
found a fully clothed, full-sized adult manikin (Resusci 
Anne; Laerdal Medical, Wappingers Falls, NY) on the 
floor and one of the four AEDs nearby. The volunteers 
were guided only by the instructions (the AED voice 
and graphical prompts) specific to that AED. The 
manikin was dressed in pants, a button-front shirt, and 
zippered jacket. Wires were stitched into the plastic 
skin covering the right and left sides of the manikin 
from. _ the ~PP~.r che~t _through the abdomen and 
attached to a rhythm simulator (Syrnbio AED 
Simulator; Syrnbio Corporation, Beaverton, OR) to 
provide the electrocardiograph (ECG) VF signal 
(Figure 1). The wires allowed transmission of imped­
ance and ECG signals to the electrode pads simulating 
a patient in VF. The AEDs were able to detect that the 
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r:. had been placed and analyze the signal when one 
phd was placed on the right side of the chest, and the 
other pad placed on the left side of the chest. Note that 
the wires intentionally covered a large area of the 
manikin so that the volunteers would not deduce 
correct pad position. The AED would then analyze the 
signal and advise a shock. Note that a limitation of the 
test setup was that if both pads were placed on 
the same side of the chest, only an asystolic signal was 
transmitted to the AED (so no shock was advised). In 
addition, any pad placed in the middle of the chest 
(where no wires were present) or with only a small 
portion making contact with the wire, resulted in an 
inability of the AED to recognize that the pads had 
been placed on the manikin. Two remote-controlled 
video cameras were used to record the AED use; three 
observers were located in a control room behind a one­
way mirror. 

Assessment of Usability Factors 

The number of volunteers who were able to remove 
pads from packaging, remove the liner, and apply the 
pads to the manikin skin was recorded for each AED 
and volunteer. The "ideal" pad position was de­
termined before the study began based on each 
manufacturer's recommended location, as depicted 
on the pad icon for each AED. The position was agreed 
on by three observers (ADA, DBJ, JEP) and then 
a template defining the "ideal" pad location for each 
AED was created from a plastic sheet laid over the 
manikin thorax. This was then used to measure pad 
displacement from the ideal by placing the sheet over 
tve pads after each trial and measuring the discrepancy 
bf tween actual pad placement and the template­
iridicated ideal pad location. Measurements were made 
fx;om the ideal center of the template pad to the actual 
center of the pad placed by the volunteer on the 
:rrtanikin. Electrode pad placement measures were 
cpllected immediately after each trial. Digital photos 
"iere also . taken of pad positions after each trial, and 
these were later reviewed to further record and verify 
Jijld displacement, contact with manikin skin, and 
rnmoval of pad liners. 
· The number of volunteers who were able to proceed 

t 
I 

ough the trial to the point of pushing the shock 
button was recorded for each of the AEDs tested. The 
time from entry into the room until the AED was 

TABLE 1. Demographics of Study Participants 

Device AED1 AED2 AED3 AED4 

Age in years 44 ± 7 43±7 45±6 43±5 
(mean·± SD, n = 16) 

High school/vocational 3 3 5 5 
Post-high school 13 13 11 11 

AED = automated external defibrillator; SD = standard deviation. 
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turned on, pads ·were positioned, a shock was advised, 
and the shock was delivered was recorded. Trming was 
accomplished via video recording and stopwatch. 
Safety was defined in terms of instances of users' 
touching the manikin during shock delivery. The trial 
ended after the volunteer had successfully delivered 
a shock, 5 minutes had elapsed from entry into the 
room, the device did not advise a shock or entered the 
CPR pause mode, or the volunteer expressed a desire to 
stop. 

Statistical Analysis 
The statistical analysis was performed with StatXact, 
version 5 (Cytel Software, Cambridge, MA) and 
Statistica, version 6 (StatSoft, Tulsa, OK). Outcome 
variables were tested for statistical significance of 
overall effect using exact nonparametric methods. The 
Fisher-Freeman-Halton test was employed for categor­
ical data, and the Kniskal-Wallis analysis of variance 
was used for continuous variables. If a statistically 
significant overall effect was identified, between-group 
comparisons were performed using Fisher's exact test 
for categorical data and exact Mann-Whitney tests for 
continuous data. 

RESULTS 

Volunteer Demographics 

There were 64 volunteers who participated in the study. 
The occupations of the volunteers spanned a wide 
range of industries and activities, including teachers, 
security guards, sales representatives, software de­
velopers, office administrators, waitresses, and truck 
drivers. Each AED group comprised eight male and 
eight female participants. Table 1 summarizes the 
demographic characteristics of the four volunteer 
groups. The median .age of the volunteers was 44 
years; the distributions of ages were not statistically 
significantly different between the groups (p = 0.70). 
The educational levels of volunteers were not statisti­
cally significantly different between the groups 
(p = 0.77). 

Simulation Setup and Data Collection 

In several instances, pads were placed on the manikin 
in areas where no wires· were present. One volunteer 
(using AED4) placed the right sternal pad over the 
sternum where there were no wires; we included the 
pad-placement data from this case, but time-to-shock 
data were not available. In two other cases (one AED1 
and one AED4), both pads were placed on the same 
side of the chest, so again pad-placement data were 
included but there were no time-to-shock data. h1 a final 
case (AED1), pads were properly placed on the 
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TABLE 2. Shock Delivery and Pad Placement Measures 

f Device 

Ptds applied to skin 

P d displacement error (cm) 
i 

Separation of pads (cm) 

% Pads placed adjacent 

% Successful shock delivery 

T11ne to shock (sec) 

AEDl 

*100% (16/16) 

ts 4.8 [3.0-5.91 
A 4.5 [2.3-7.0] 

:j:16.0 [12.0-17.9] 

t6% (1/16) 

*100% (14/14) 

*99 [84-109] 
n = 14 

S = right upper parastemal pad; A = left apex pad, median [interquartile). 
*p < 0.05 vs AED2 and AE03. 
tp < 0.05 vs. AED4. 
f p < 0.05 vs. AED3 and AED4. 
§p < 0.05 vs. AED3. 

manikin chest, but the AED did not recommend 
a shock; this was subsequently identified as caused 
by an ECG artifact originating within the test setup, so 
only pad-placement data were included. 

In t~rms of the number of volunteers able to remove 
pads from packaging, remove the liner, and apply the 
pads to the manikin skin, Table 2 contains a summary 
of the pad-placement results. Significant proportions of 
volunteers were unable to attach pads directly to the 
manikin skin (50% AED2 and 44% AED3). Many 
volunteers did not remove the pads from the packag­
ing, placed the pads on top of clothing, or left liners on 
the pads. Two of the AED2 users and three of the AED3 
users never managed to open the pad package. 
Another two AED2 users and four AED3 users failed 
to remove the liner from one or both electrode pads. 
Five AED2 users placed the pads directly over the 
victim's clothes (see Figure 2). Further, we observed 
that, in 31 % of AED4 uses, participants inadvertently 
pµIled the' pad connector plug out of its socket while 
attempting to open the pad package. 
I In terms of appropriate pad location placement as 

gµided by the manufacturer's pad icon, Table 2 
simunarizes the average displacement from ideal 
center for apical and right sternal pads for all four 
AEDs tested. The greatest displacement error (12.3 cm) 
v}as noted with AED4. More important was the 
observation that, in some instances, pads were placed 
in positions that were adjacent to each other, meaning 
l9cations 1) side by side, 2) on the same side of the 
c~es.t, 3) at the same vertical level, or 4) touching each 
o her. Our results demonstrated inappropriate pad 
a . jacency .in 56% of uses of AED4 (Figure 3) uses 
versus a range of 0% to 11 % with the other devices. 
Table 2 also contains the measured separation between 
the pads. Median separation was as low as 5.5 cm 
(AED4). The close proximity of the pads resulted 
primarily from placement of the apical pad medially 
and cranially. 

AED2 

50% (8/16) 

ts 3.5 r2.a-5.5J 
A 3.5 [2.4-5.5] 

:j:15.0 [13.0-15.3] 

t11 % (1/9)_ 

§44% (7/16) 

§210 [170-287] 
n=7 

AED3 

56% (9/16) 

S 6.5 [3.8-8.4] 
A 6.5 [4.4-10.0] 

11.0 [7.3-12.8] 

t0%_(0f.13) 

75% (12 / 16) 

132 [96-196] 
n = 12 

AED4 

*100% (16/16) 

S 7.5 [4.6-16.3] 
A 12.3 [2.8-17.4] 

5.5 [3.8-13.8] 

56% (9/16) 

•100% (14/14) 

*93 [78-115] 
n = 14 

For the time from room entry to shock delivery, nine 
of the 16 users of AED2 (56%) and four of the 16 users 
of AED3 (25%) failed to administer a shock to the 
simulated victim (Table 2). Three of the four AED3 
users who failed to remove the liner from one of the 
pads still received a shock command, because the 
AED3 liner has small holes that allow a fraction of the 
pad to contact the skin even with the liner left on. These 
were counted as successful shock deliveries, though 
appropriate energy delivery for defibrillation would 
likely be severely compromised. 

In contrast, AED1 and AED4 users were successful in 
delivering a shock in all valid trials. In the time it took 
users to deliver a shock, AED1 and AED4 were 
mathematically similar (Figure 5, Table 2). The median 
times were well under 2 minutes, at 99 and 93 seconds, 
respectively. The other two devices were significantly 
slower, with users of AED3 taking 132 seconds (just 
over 2.0 minutes), and- users of AED2 taking 210 
seconds (or 3.5 minutes). We also looked at time per 
AED task for each of the four AEDs, broken down into 

FIGURE 2. An· example of electrode pads placed over the victim's 
clothes. 
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FIGURE 3. An example of electrode pads placed adjacent to each other. 

five time segments: AED power on, first pad on 
(attached), second pad on, shock command given, 
and shock delivered. As shown in Figure 5, the "lost" 
time for AED2 and AED3 compared with AED1 and 
AED4 was primarily in achieving pad placement. 

For safety in terms of touching the patient during 
shock delivery, in three cases the volunteer was in 
contact with the manikin during shock delivery. In two 
cases (AED4), the contact was clothing to clothing, with 
the participant's right knee touching the manikin's 
right arm and the participant's right knee touching the 
manikin's right knee. In one case (AED2), the parti­
cipant's right knee touched the manikin's right hand 
(clothing-to-skin contact). 

DISCUSSION 

Success with untrained users is a critical goal for the 
broad public deployment of AEDs. We investigated the 
ability of untrained volunteers to use an AED without 
prit>r exposure or training with an AED. Specifically, 
~ e wanted to observe how well a layperson could 
np.tiate usage of the AED and follow through with the 
given directions to the point of delivering a shock. 
Previous studies have suggested that this is possible 
with some AEDs.7- 11 For example, the majority of 
patients who survived a sudden cardiac arrest in 
Chicago airports over a two-year period were saved 
by persons who had no duty to act and no prior 
training in the use of AEDs.7 Another study showed 
t~at naive 6th graders could successfully employ an 
AED.8 A recent study by Eames et al. compared ease of 
use of three AEDs by untrained laypeople.9 They found 

I 
statistically significant differences among AEDs, in-
cluding time to shock and pad position. The Eames 
study differs from this study in that they used AED 
training devices (Larsen P, personal communication, 
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2003), they scored all pad positions against the same 
criteria regardless of manufacturer's instructions, and 
volunteers randomly used all devices, thus introducing 
learning effects. 

In this study of simulated cardiac arrest, we observed 
several important mis.t c!kes made by untrained vo­
lunteers when attempting to follow the voice and 
visual AED prompts. A specific focus of this study was 
the ability of participants to correctly position pads on 
the manikin. Obvious errors that would affect de­
fibrillation success included failure to remove the pads 
from the packages or to remove the pad backings, or 
placing the pads on top of the clothes. Pad location was 
evaluated and compared with the manufacturer ideal 
location as directed by the pad icons. "Correct'' or 
"ideal" position Varies between the four AEDs, but they 
share the similarity of a right upper sternal and a left 
apical pad position. Displacement from ideal center 
may not have a clinical significance as long as an 
appropriate vector for defibrillation can be maintained. 
We therefore highlighted pad displacement that might 
raise concerns in a true clinical setting. Those were the 
instances when pads were placed adjacent to each 
other, often at the same level on the chest or on the 
same side of the chest._One of the AEDs (AED2) has 
a fixed connection between the apical and sternal pads 
that prevented the two pads from being placed in 
adjacent positions. Whether a fixed pad position would 
be adequate for a variety of different thorax sizes is 
unknown. 

Another observation was the tendency to displace 
the left apical pad medially and cranially, which if 
anything would be more likely to decrease defibrilla­
tion efficacy as the two pads come into proximity of 
each · other ·· and the ·apical pad moves away from 
overlying the left ventricular myocardium, particularly 
in patients with dilated hearts. One wonders if this 
tendency, as well as the instances of pad adjacency, is 
derived from television scenarios of defibrillation 
where handheld paddles are usually placed in right 
upper and left upper parasternal positions. The risk of 
current shunt between the pads is a function of distance 
and the resulting vector defined by the specific pad 
placement. .. Caterine et- al. found that, when one 
electrode was placed in the right parasternal position 
and the other within 2 cm in the left parasternal 
position, the theoretical percentage of current travers­
ing the heart was significantly reduced.12 

Pad placement has been well documented as the 
Achilles' heel for lay responders and those with 
advanced training alike.13-15 Heames et al. tested the 
ability of doctors to position paddles correctly on 
a manikin and found 35% of the sternal and 78% of the 
apical paddle placements to be incorrect.13 Meischke 
et al. reported that the most difficult task in a simulation 
study with seniors was correct pad placement.14 
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pproximately 17% following initial training and 48% 
a~ the retesting three months later did not correctly 
place the pads on the manikin. Mattei et al. tested 
untrained nurses and physiotherapists and reported 
t~at 53% failed to initially position the pads correctly, 
~though all participants were able to place the pads 
appropriately following training.15 This study is 
consistent with these previous findings and extends 
them to the realm of public use. We found that the least 

. t 
p:3-d placement error occurred with AED1 both in terms 
of displacement from ideal center and in no instances of 
pad adjacency error. This probably is because of the 
very specific voice prompt "Look carefully at the 
pictures on the white adhesive pads . .. place pads 
exactly as shown in the picture" and the fact that both 
pad placement icons are shown on each pad, giving 
users a good sense of the relative placement of the two 
pads (Figure 4). This was also true of AED2 and AED3, 
which had a low instance of pads' being placed in 
adjacent positions. In addition, AED1 includes sensor 
technology that detects the current action of the user 
and adjusts the voice instructions to match that action. 
We observed many instances with the other three 
devices where the audio instruction and the user's 
current action were incongruent. 

An important issue in AED usage is how quickly 
a shock can be delivered. Brillhart et al. used AED 
recordings and emergency medical services (EMS) 
reports to study the time elapsed for EMTs to arrive 
on scene and recognize cardiac arrest to shock de­
livery.16 They found the median time for the EMTs was 
51 seconds. The investigators suggested a I-minute 
goal and a 90-second minimum standard for time to 
first shock by EMTs using AEDs in the field. Although 
mo'st of the users of the AEDs in this study were able to 
deliver a shock in less than 2.0 minutes, the users of 
AED2 took 3.5 minutes. One difference is that users of 
this AED found it difficult even to turn on the device 
(Figure 5). Nevertheless, the time to shock for all the 
devices tested, if used in an actual SCA, would likely 
result in a significant time reduction compared with 
that which can be achieved by awaiting the arrival of 

I mosf: EMS responders.17 

· One concern that has been raised regarding layper-

!
/ n usage of an AED is whether the rescuer might 
advertently receive a shock by touching the victim. 

. e observed only three instances of participants' 
ntacting the manikin during the simulated shock; 

npne of these instances would likely cause serious 
harm. In each case, the volunteer's knee or hand made 
a i single point of contact with the victim's clothes 
during shock delivery. 
. Resuscitating a victim of cardiac arrest involves 

~uch more than operation of an AED. Recognizing 
t:ti.e cardiac arrest, calling EMS, and performing CPR as 
a\ bystander are all important steps; however, timely 
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FIGURE 4. Icon for AED1 (one of the four automated external 
defibrillators studied) depicting the relative locations for both pads. 

defibrillation is a critical factor for those patients in VF. 
Defibrillators that are to be used by lay responders 
should be designed from a human-centered perspec­
tive. That is, they should provide useful, timely 
guidance, include effective and salient graphics, and 
induce acceptable levels··of workload and stress. This 
study demonstrated that all AEDs share a common set 
of functionality and, if used correctly, result in the 
delivery of a shock to the victim, but the objective 
experiences of the users are likely to vary greatly based 
on the presence or absence of critical usability design 
attributes. 

To be effectively used by untrained laypersons, AEDs 
targeted for use by the lay public must be tested to 
deterp:tlne -~hether th_~y_fl.re intuitive enough. In the 
present study, we found that performance suffered for 
AEDs that 1) had to be manually turned on, 2) 
provided a minimal and implicit set of instructions, 3) 
incorporated components that easily became loose or 
detached, 4) did not provide an image of both pads on 
the pad placement graphic, and 5) failed to guide the 
user explicitly through the pad-placement process. 
These five critical usability design attributes accounted 
for nearly all performance and behavioral deficiencies 
observed in this·study;·--

LIMITATIONS 

This study is limited in that it was a simulation of 
a cardiac arrest. However, an actual emergency 
situation would likely increase the stress and confusion 
of the rescuer and amplify some of the results found 
here. A limited number of volunteers participated in 
this observational study, which was not powered to test 
any specific hypothesis. Training would likely increase 
the ability of users to place pads appropriately and 
deliver a shock and is recommended in all AED 
manufacturers' labeling. However, in the context of 
public access, defibrillation users may very well be 
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FIGURE 5. Breakdown of automated external defibrillator (AED) tasks and timing for each device, median [interquartile range]. Note that pad 
application times are inclusive of all uses with pads placed on clothes and liners left in place, even if shocks were not delivered. 

untrained. 7 Further, issues with training retention may 
limit the ability of a previously trained caregiver to use 
anAED. 

CONCLUSIONS 

Because laypersons and innocent bystanders with no 
prior exposure to, training with, or understanding of 
AEDs may use them in public settings during an 
unexpected emergency, the devices must be intuitive to 
use. We found observable differences among the AEDs 
we studied and have identified a number of AED pad­
placement errors that could theoretically lead to 
ineffective defibrillation. Untrained laypersons require 
a categorically different level of guidance and design 
support than do traditional medical professionals or 
tiained laypersons. Pad icon graphics, voice prompts, 
ahd industrial design significantly influence the ability 
elf caregivers to deliver a shock appropriately and 
qhickly. Although the majority of our study's rescuer 
volunteers were able to deploy the AED to the point of 
shock delivery, not all AEDs were able to guide the . . 

rescuer through AED use in a manner that would , 
ensure the highest likelihood of successful defibrilla-
tion. We conclude that untrained laypersons can safely 
and effectively use an AED in the public-use context 
j 

I 

simulated in this study only when a clear, comprehen­
sive, and explicit instruction scheme is employed. 
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APPENDIX A 

PARTICIPANT INSTRUCTIONS 

This is a study of your response in a simulated 
emergency to a victim of sudden cardiac arrest. 
Sudden cardiac arrest is a condition that occurs 
unexpectedly when the heart stops pumping effec­
tively. Soon you will be asked to enter a room across the 
hall where you will find a simulated cardiac arrest 
victim (a mannequin). I hope this is never the case, but 
let's assume it is a friend of yours who suffered 
a cardiac arrest while you were out shopping together. 
You should assume the following: 

• 9-1-1 has already been called. 
• The victim is not breathing and does not have 

a pulse. 

In the room you will also find an Automatic External 
Defibrillator, or AED device. Defibrillation with an 
AED is the delivery of an electrical shock to a patient's 
heart. Defibrillation is intended to allow the heart to re­
start itself and begin pumping again. Unless a shock is 
successfully delivered, your friend will die in minutes. I 
want you to use this AED to attempt to save your 
friend's life. 
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People will be observing and videotaping your 
actions; but you may not ask them questions or ask 
for help until after you have saved your friend. During 
the test we will be timing you. Keep in mind that we 
would like you to act in the same manner as you might 
during an actual emergency where timing is important 
and every second counts. 

Note that this is a simulation; you will not actually 
deliver a shock, but the product will work in all other 
aspects. You cannot pass or fail this test. I only ask that 
you act with the same sense of urgency, determination, 
and care that you would bring to a real emergency 
situation of this kind. 

Some final things to_,!.lgte: 

• When you enter the room, the victim will be lying on 
the floor in the center of the room. 

• The AED device will be located on a chair to your 
left. 

• You already know that the victim is not breathing 
and has no pulse and therefore you should 
immediately use the AED rather than initiate any 
form of CPR. 9-1-1 has already been called. 

• Reµi.emb.~r, wp.en I Q,l;?~n the door for you across the 
hall, you are about to attempt to save a life. Your 
goal should be to deliver a shock to your friend's 
heart as quickly as possible. Every second counts. 


