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ABSTRACT T 

Objective e 
Thiss study was designed to test the hypothesis that the use of the automated external 

defibrillatorr (AED) by police and fire fighters results in higher discharge rates for out-

of-hospitall  cardiac arrest. 

Methods s 
Thee study was a controlled clinical trial with systematic allocation of AEDs. The 

studyy was conducted between January 2000 and January 2002. Patients in witnessed 

out-of-hospitall  cardiac arrest (OHCA), identified by the emergency medical system, 

inn Amsterdam and surroundings, The Netherlands were included. Randomization was 

achievedd by random allocation of AEDs to first responders in 4 of the 8 participating 

regions.. Each region switched from control to experimental, and vice versa, every 

fourr months. Primary endpoint was survival to hospital discharge. Secondary end-

pointss were the return of spontaneous circulation (ROSC), and admission to hospital. 

Results s 
Inn the experimental and control area, 243 pts (65% in ventricular fibrillation (VF)) 

versuss 226 pts (67% in VF) were included. The median time interval between collap-

see and first shock was 668 and 769 seconds (p<0.001), respectively. The endpoints 

forr the experimental compared to the control group were: 44 (18%) versus 33 (15%) 

patientss were discharged (OR 1.3 (95% CI 0.8-2.2) p=0.33), 139 (57%) versus 108 

(48%)) patients had ROSC (OR 1.5 (95% CI 1.0-2.2) p=0.05), 103 (42%) versus 74 

(33%)) patients were admitted (OR 1.5 (95% CI 1.1 -1.6) p-0.02). The median delay 

fromm receipt of call to dispatch of the emergency medical system was 120 seconds 

andd to dispatch of the first responder 180 seconds. 

Conclusion n 
FirstFirst responder use of AEDs did not significantly increase survival to hospital dis-

charge;; it did improve ROSC and admission to the hospital. Improved dispatch pro-

ceduress should increase the success of first responder AED programs. 



INTRODUCTIO N N 

Automatedd external defibrillators (AEDs) are computerized devices that are reliable 
andd simple to operate, enabling trained lay-rescuers to perform defibrillation, as a key 
elementelement in resuscitation effort [1-4]. First uncontrolled reports demonstrated that poli-
cee used the AED skilled and successful [5,6]. Recently two studies with dispatched 
policee [7,8], suggested improved survival of out-of-hospital cardiac arrest (OHCA). 
Thee Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency 
Cardiovascularr Care consider the use of the AED a class Ha recommendation for level 
11 responders such as police and fire fighters if the emergency medical system (EMS) 
cannott achieve a first shock within 5 minutes after call [4]. A class Ha recommenda-
tionn indicates that the weight of evidence or opinion is in favor of usefulness and/or 
efficacy.. No prospective, randomized and controlled clinical trial has been performed 
too test the benefit of the use of the AED by dispatched first responders. 
Wee performed a controlled clinical experiment with systematic allocation of AEDs. 
Thiss allowed us to test the hypothesis that introduction of AEDs used by dispatched 
firstfirst responders in a standard EMS will result in higher discharge rates for out-of-hos-
pitall  cardiac arrest. 
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METHOD S S 

Studyy design 

Thee study was designed as an open clinical trial, with controlled allocation of AEDs. 

Includedd were witnessed cardiac arrest patients in whom resuscitation was attempted. 

Excludedd were patients below the age of 18 years, patients with a cardiac arrest of 

traumaticc origin, and patients whose cardiac arrest was witnessed by the EMS. The 

studyy area included the city of Amsterdam and a surrounding area with urban and 

rurall  parts, including 1.6 million inhabitants and covering 885 square kilometers. 

Randomization n 

Unbiasedd treatment allocation was achieved by systematic allocation of AEDs. The 

studyy area was divided in two regions with fire brigade and six districts with police 

firstfirst responders. The experimental area consisted of one fire-brigade region and three 

policee districts, equipped with 50 AEDs, (LIFEPAK 500 AED, Medtronic Physio-

Control,, Redmond, WA). The other fire brigade region and police districts served as 

controll  area. Every four months all AEDs were collected from the experimental area 

andd distributed in the control area, which then served as experimental area for the next 
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fourr months. With this procedure we tried to ensure an even distribution of external 

characteristicss as population, socio-economic status, hospitals, response times, and 

seasonss between the two groups. In total each region served 12 months as the experi-

mentall  area and 12 months as the control area. 

EMS S 
Whenn the EMS dispatch centre suspected a cardiac arrest, two ambulances were dis-

patched,, immediately followed by alerting the police or fire dispatch center. All 

ambulancess were manned with a nurse/paramedic and driver, equipped with a manual 

defibrillator,, qualified to perform advanced cardiopulmonary life support (CPR). After 

receivingg the call from the EMS dispatch center the police or fire dispatch center 

directedd a police-patrol or fire engine to the scene. Immediately thereafter one of our 

dedicatedd data collectors (a team of trained fifth-year medical students working in 

shiftss covering 24h/day) was dispatched and traveled to the scene independent from 

thee EMS or first responders. Both firemen and police officers had never before 

respondedd to medical emergencies, but were trained in CPR. All fire and police dis-

trictss were adjacent without geographical overlap. Police was dispatched both in the 

experimentall  and control periods, and the fire brigade was dispatched during experi-

33 2 mental periods only. When first responders reached the scene of the arrest first, in an 

areaa serving as experimental area, they would perform CPR and use the AED. The 

ambulance,, when arriving at the scene would take over the resuscitation, and use their 

manuall  device. When the ambulance arrived first at the scene they started the resusci-

tationn and first responders assisted in CPR if necessary. The protocol for delivery of 

shockss was 200J, 200J and 360J for each shock thereafter as needed for defibrillation. 

Trainin gg first  responders 
Forr the study, 1063 police officers and 586 fire fighters were trained in the use of the 
AED,, and CPR skills were refreshed. Officers were trained in pairs in 3.5 hours. 
Refresherr training was conducted at eight months intervals. 

Dataa collection 
Dataa collection took place on scene by data-collectors. Data were obtained on circum-

stancess of the arrest, the estimated moment of the collapse, witnesses, bystander CPR, 

sequencee of events and relevant time points, by directly interviewing all persons invol-

vedd using a standardized method. The ECG and voice recordings from the AED and the 

ECGG of the manual defibrillators were downloaded. Deviations of internal clocks were 

correctedd by comparison with radio-controlled wristwatches. Time of call, dispat-



ching,, and arrival on scene of first responders and EMS were obtained from time cor-

rectedd dispatch computers. Date of death or discharge was obtained from hospital 

records. . 

Endpoints s 
Thee primary endpoint of the study was survival to hospital discharge. Secondary end-
pointss were return of spontaneous circulation (ROSC) and admission to the hospital. 
Al ll  endpoints were analyzed on an intention-to-treat basis, irrespective if first respon-
derss or EMS performed defibrillation. 

Powerr  calculation 
Thee study was powered to show an absolute survival difference between the two 
groupss of 12% (from 8% to 20%), assuming a decrease of the median time interval 
fromm collapse to defibrillation from 11 minutes to 6 minutes. We assumed that VF 
wouldd be the initial rhythm in 60% of patients and the probability of survival 33% 
whenn the first shock was given in 6 minutes after collapse or 13% when the first 
shockk was given after 11 minutes. Survival rate in any other rhythm was expected to 
bee 1.8%. Bystander CPR was expected in 30-50% of patients. All assumptions were 
basedd on previous observations [9]. With alpha = 0.05 and beta = 0.05, 210 patients 
perr group were needed. 

Ethicall  approval 
Medicall  ethics committees from participating hospitals and EMS approved the study 
andd considered the study exempt for informed consent prior to treatment. Medical 
authorizationn was obtained from patients or family members post resuscitation, and 
alll  consented to provide access to their medical records. 

Statisticall  methods 
Timee intervals are expressed in medians and interquartile ranges (P25-P75). 

Significancee was tested by Chi-square statistics for proportions and the Mann-

Whitneyy U test for continuous variables. Significance was accepted when a two-sided 

p-valuee was < 0.05 or confidence intervals did not include unity. The three binary 

endpointss were analyzed using logistic regression models. In order to match the ana-

lysess to the design of the study, we extended the logistic regression models with the 

generalizedd estimating equations (GEE) method [10,11]. The GEE approach uses 

weightedd combinations of observations to extrapolate the appropriate amount of infor-

mationn from correlated data [12], and took into account any correlation that might 
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arisee from factors related to region or period. GEE models were carried out using the 
generalizedd linear model procedure (proc genmod) in SAS version 8.2. All other sta-
tisticss were performed in SPSS 10.0 for Apple Macintosh. 
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Tablee 1. Characteristics of included patients with out-of-hospital cardiac arrest. 

Characteristic c 

Age,, mean * year (range) 

Gender,, n (%) 

Female e 

Male e 

Weight,, mean  SD kg (range) 

Witnessedd by, n (%) 

Partner r 

Bystander// Relative 

Generall  practitioner 

Police e 

Locationn of collapse, n (%) 

Home e 

Publicc place 

Publicc road 

Long-termm care facility 

Basicc CPRt performed, n (%) 

Partner r 

Bystander/Relative e 

Medicall  professional 

Firstt responder CPR prior to ambulance arrival 

Timee intervals in seconds, median (IQRJ) 

Collapsee to start basic CPR§|| 

Collapsee to first shock|| 

Collapsee to ACLS 

Experimentall  group 

Firstt responders with AED 

n=243 3 

677 4 (29-93) 

566 (23%) 

187(77%) ) 

800 6 (55-130) 

1299 (53%) 

1077 (44%) 

44 (2%) 

33 (1%) 

173(71%) ) 

37(15%) ) 

333 (14%) 

00 (0%) 

114(47%) ) 

20(18%) ) 

800 (70%) 

14(12%) ) 

744 (30%) 

900 (60-210) 

6688 (529-939) 

840(690-1140) ) 

Controll  group 

Firstt responders without 

AEDD n=226 

655 4 (21-90) 

544 (24%) 

172(76%) ) 

822 7 (55-135) 

119(53%) ) 

944 (42%) 

111 (5%) 

22 (1%) 

162(72%) ) 

311 (14%) 

311 (14%) 

2(1%) ) 

119(53%) ) 

19(16%) ) 

700 (59%) 

300 (25%) 

611 (27%) 

90(60-180) ) 

769(607-981) ) 

840(660-1020) ) 

**  SD denotes standard deviation. 
tt CPR denotes cardiopulmonary resuscitation. 
JJ 1QR interquartile range, the 25th and 75th percentile of the distribution 
§§ These time intervals are based on the patients who received bystander cardiopulmonary resuscitation 
priorr to the arrival of the ambulance. 
jj  These time intervals are based on the patients with a shockable initial rhythm. 

1!! ACLS denotes advanced cardiopulmonary life support. 



RESULTS S 

Betweenn January 5, 2000 and January 5, 2002, cardiac arrest was suspected in 905 
patients.. In 214 patients, cardiac arrest was not present at arrival, and in 108 patients no 
resuscitationn was attempted. Of the patients in whom resuscitation was attempted, 114 
weree not witnessed. A total of 469 patients met the criteria for inclusion, 243 patients 
weree in the experimental area and 226 patients in the control area. Patient and collapse 
characteristicss of these two groups are shown in table 1. None of the differences were sta-
tisticall  significant, except the time interval between collapse and first shock, p<0.001. 
Thee results of the primary and secondary endpoints comparing experimental and control 
groupss are shown in figure 1 and table 2. The observed difference in survival could indi-
catee that in a community where first responders are equipped with AEDs, 33 dispatches 
forr a witnessed arrest could result in the added survival to discharge of one patient (num-
berr needed to treat). 

Inn four patients in the experimental and three patients in the control group the first 
responderss witnessed or encountered the arrest without dispatch. In the experimental 
group,, three of these four patients survived to discharge. In the control group none of the 
threee patients survived. 

Bystande rr  witnesse d cardia c arres t 
nn = 469 

Experimenta ll  grou p 
n - 2 4 3 3 

Contro ll  grou p 
nn = 226 

Initia ll  rhyth m 
Shockobl c c 

n=157(65%) ) 

Initia ll  rhyth m 
Non-shockabl e e 

n== 86 (35%) 

initia ll  rhyth m 
Shoc kk able 

n=1511 (67%) 

^ ^ 
Initia ll  ittylh m 

Non-shockabl e e 
n=755 (33%) 

ROSC C 
== 35(41%) 

t t 
Noo ROSC 

nn = 51 (59%) 

tt  \ 
Admitte dd V M 

nn = 21 (24%) \ 

ROSC C 
nn  91 (60%) 

K K 
Admitte dd \ 2 9 

nn = 62(41%) \ 

Noo ROSC 
nn = 60 (40%) 
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ff  Oischs r [[  Discharge d 
«(5%) ) 

Expire d d 

j ii  = e2(95-:i! 
Discharge d d 

n=32(21% ) ) 

'4'4 Expired 
nn = 119(79%) 

hscharge dd 4 Expire d 
n == 1 (1%) J [n = 74 (99%) 

Figuree 1. Primary and secondary outcomes according to treatment group, stratified according to initial 
rhythm.. Admission denotes admission into the hospital after leaving the emergency room. 
*ROSCC denotes return of spontaneous circulation. 
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Tablee 2. Primar y and secondary outcomes according to treatment group of patients in sbockable 
andd no sbockable initia l rhythm . 

Outcome e Experimentall  group Control group OR* 

NN = 243 N = 226 (95% Clf ) 

P-value e 

Survivall  to discharge 

fromfrom hospital 

Returnn of spontaneous 

circulation n 

Admissionn to the hospital 

444 (18%) 

139(57%) ) 

1033 (42%) 

333 (15%) 

1088 (48%) 

744 (33%) 

1.3(0.8-2.2) ) 

1.5(1.0-2.21) ) 

1.5(1.11 -2.0) 

0.33 3 

0.05 5 

0.02 2 

*ORR denotes odds ratio derived from the generalized estimating equations model. 
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Thee cumulative time intervals of the process of call, dispatch, and arrival of EMS and 
firstt responders are shown in figure 2. The cumulative time interval between collapse 
andd first shock for the experimental and control group is shown in figure 3. The time 
gainn to first shock was median 1 minute and 41 seconds in favor of the experimental 
group,, p<0.001. 

Inn the experimental group, 72 patients (46%) with a shockable rhythm were initially 
shockedd by first responders and 85 patients (54%) by the EMS. In the control group, 
alll  patients received their shocks by the EMS. The median time it took the first 
responder,, after arrival at the scene, to deliver the first shock was 136 seconds (25%-
75%:: 83-183 seconds) compared to 143 seconds (25%-75%: 94-215 seconds) when 
thee EMS delivered the first shock in the control group (p=0.07). In the experimental 
group,, the first shock was delivered in less than 5 minutes after call in 14 patients 
(9%)) and in the control area in 2 patients (1%), p<0.001. Overall 7/16 (44%) patients 
whoo received the first shock within 5 minutes after call survived to discharge. 



100 0 

Calll 112 

Dispatchh EMS 

Dispatchh first responder 

Arrivall first responder 

Arrivall EMS 

Timee interval in seconds, measured from collapse 

Figuree 2. Cumulative time intervals from collapse to call, to dispatch, and to arrival of EMS and first 
responderss in the experimental group. 
Delayss in placing the call by the witness, and handling the call by the dispatcher contributed to over half 
off  the total delay to arrival at the scene. Delay in dispatching the first responder eliminated much of the 
benefitt of the shorter travel time of the first responder. 
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100 0 

0) ) 
CTCT -,r-

22 75 

50--

25 5 

Experimentall group, n=157 

Controll group, n=151 

--

00 120 240 360 480 600 720 840 960 1080 1200 

Timee interval in seconds from collapse to first shock 

Figuree 3. Cumulative time intervals from collapse to first shock for experimental and control group. 
Inn the experimental group the first shock was delivered by first responders or EMS, depending on who 
arrivedd first; in 72 patients this were the first responders and in 85 patients the EMS. In the control group 
alll  shocks were delivered by the EMS. 
Thee difference in the median time to first shock between the two groups was 101 seconds. 
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Usee of the AED 

Thee first responders used the AED in 116 patients with a cardiac arrest. In 75/116 

patientss (65%) the initial rhythm was shockable; the AED recognized this rhythm and 

advisedd a shock in 72 patients (sensitivity 96%). In patients with an initial non-shoc-

kablee rhythm, the AED never advised a shock (specificity 100%). When first respon-

derss used the AED, median time to transfer to EMS care was 2 minutes and 52 seconds. 

DISCUSSION N 

Thiss prospective, controlled study did not demonstrate a significant difference in sur-

vivall  to hospital discharge after introduction of AEDs used by first responders in a 

controlledd program. The secondary endpoints, ROSC and admission to the hospital 

weree significantly improved, and there was a consistent relative benefit (odds-ratio of 

1.3-1.5)) in all three endpoints. The overall survival benefit as found in our study is 

similarr to the odds ratio of survival of 1.3 for the total police-AED program in 

Miami-Dadee County with a historical control [7], and much lower than the odds ratio 

off  survival for witnessed arrests of 4.1 as reported in the Piacenza project with quasi-

controlss of patients in the same period where the EMS reached the patient first [8]. In 

thee subgroup of patients with an initial shockable rhythm the benefit was larger: an 

oddsodds ratio of 2.1 in Miami-Dade County, but surprisingly reduced to 1.7 in Piacenza. 

Forr assessing the benefit of a first responder AED program, overall survival is the 

mostt relevant measure because the rhythm at first encounter is not independent of 

otherr factors in the program such as time from collapse to first rhythm analysis and 

off  bystander CPR [13]. 

Theree are several reasons why our study only demonstrated a modest survival benefit. 

Thee study was powered assuming a decrease of five minutes to first shock. The obser-

vedd decrease in time to first defibrillation was only 101 seconds, which is partly 

explainedd by communication delay between EMS and first responder dispatch centers. 

Survivall  models predict a 10-15% reduction in survival per minute delay to defibril-

lationn in concordance with our observed survival difference [14,15]. In our study, the 

timee to defibrillation was long, with a median time from collapse to shock of 668 

secondss when first responders were equipped with an AED. With this small and late 

benefitt in time to shock, a modest difference in survival to discharge between the 

experimentall  and control groups can be expected. 

Thee high percentage of bystander and first responder CPR prior to ambulance arrival 

andd the possible benefit of CPR prior to defibrillation could explain the high survival 



ratee in the control group, thus reducing the study power [16]. 
Thee proportion of in-hospital deaths, in the experimental and control group was simi-
lar,, suggesting that a larger study would have given a significant result in primary 
endpoint.. A controlled study powered for the observed survival difference would 
requiree inclusion of 2400-4000 patients in each group. Such a study will be incre-
asinglyy difficult to perform as public access defibrillation becomes widely available 
throughoutt the western world [17,18], the control group would then be contaminated 
withh the off-protocol use of AEDs. 

Thee median time from call to dispatch of the EMS was 2 minutes in both groups. Use 
off  standardized interrogation protocol, computerized number and address recognition in 
dispatchh centers could reduce this delay [19]. Such delays are assumed to be short, but 
mayy be more common among dispatch systems and are rarely investigated [20,21]. 
Accordingg to Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency 
Cardiovascularr Care [4], shock delivery within 5 minutes of EMS call receipt is a 
highh priority goal. In the experimental group, 9% of the cases met this criterion ver-
suss 1% in the control group. In the experimental group 20% would have had shock-
deliveryy within 5 minutes of EMS call if first responders had been dispatched simul-
taneouslyy with the ambulance. 
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Limitation s s 
Unbiasedd treatment allocation was achieved by systematic allocation of AEDs instead 

off  randomization per patient. The allocation of AEDs changed from control to experi-

mentall  area every four months, and we presumed that the allocation of treatment was 

independentt of the characteristics of the patients, thus closely meeting the objectives 

off  true randomization. With the used statistical analysis method we tried to account 

forr unmeasured region and period factors. 

Wee included patients in witnessed arrest because only then the time of collapse could 

bee estimated accurately. Not-witnessed arrest has a very low probability of survival; 

thereforee the survival as presented overestimates the survival of OHCA in general. 

Sincee the experimental treatment, use of the AED by first responders, could not be blin-

ded,, there was a potential bias in decision-making and patient treatment by the EMS. 

Nott all arrests that occurred during the study-period could be included in this study. 

Basedd on previous data we estimate that about half of the arrests in the study region 

weree not recognized as such by the dispatcher or the patient was not yet in arrest at 

thee time of call. In conclusion, first responder use of AEDs did not significantly 

increasee survival to hospital discharge, but did significantly improve ROSC and 

admissionn to the hospital. 
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Muchh of the potential benefit of dispatched first responders using AEDs was limited 

byy time lost in decision-making, incorrect decisions in the EMS dispatch center, and 

inn communication delay between dispatch centers. 

AA dispatched first responder AED program can achieve optimal benefit only when 

muchh attention is devoted to reduce time elements in the first link of the chain of 

survival,, up to arrival of first responders at the patient's side. 
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