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Chapterr 1 Introduction 

INTRODUCTIO NN AND OUTLIN E 

Epidemiologyy of out-of-hospital cardiac arrest 
Thee incidence of out-of-hospital cardiac arrest (OHC A) varies with age, gender and the 

presencee or absence of a history of cardiac disease. The incidence increases with age, 

reflectingg the progression of coronary artery disease, but sudden death at young age can 

nott be ignored [1], Patients with coronary artery disease are at higher risk for cardiac 

arrest.. Overall the incidence in the age group between 20 and 75 years is found to be 1 

perr 1000 per year [2]. The majority of cardiac arrests is caused by acute ventricular 

arrhythmiass due to ischaemic heart disease [2,3]. In >50% of the cases, the cardiac arrest 

iss the first manifestation of heart disease and therefore most patients are not identified 

ass being at risk before the event. The majority of cardiac arrests occurs at home (75-

80%)) [4]. Sudden cardiac arrest is witnessed, usually by the partner, in about 40-70% of 

thee cases. Resuscitation is attempted in around 30% of patients and VF is the initial 

rhythmm in 50-70% of resuscitation attempts [4-7]. Success of resuscitation, expressed as 

survivall  to hospital discharge, depends on many factors. An important 

factorr is the first observed rhythm. The survival of patients found in asystole is dismal, 

betweenn 0 and 1.5%. The highest survival rates are found in patients with a witnessed 

collapsee and ventricular fibrillation as initial rhythm. Overall survival varies widely 

betweenn and within countries and ranges between 2 and 30% [4,7-10]. This wide range 

iss explained by variations in the presence of bystander cardiopulmonary resuscitation 

(CPR),, the organization of the emergency care, the local situations and the delay in 

treatment.. Though, consistently the best survival rates are found in patients in VF, 

whenn defibrillation is performed within a few minutes after onset and when no addition-

all  advanced cardiopulmonary life support (ACLS) is needed [4,11,12]. 

Treatmentt  of out-of-hospital cardiac arrest 
Thee optimal strategy to treat OHCA is the primary prevention of the event. However 

thiss approach is limited by our current inability to identify prospectively the majority 

off  potential OHCA victims. Moreover, there is not yet a safe, effective and inexpensive 

drugg or device that prevents OHCA for the majority of potential victims. The "chain of 

survival""  concept best describes the foremost aspects of treatment of OHCA [13]. The 

chainn consists of four links: early access, early CPR, early defibrillation and early 

ACLS.. It is generally accepted that the time to defibrillation is the most important 

determinantt of survival. The survival rate of VF cardiac arrest decreases approximately 

7-10%% with every minute of later defibrillation [5,11,14]. Therefore, the AHA/ILCOR 



guideliness on resuscitation consider defibrillation within 5 minutes after activating the 
emergencyy medical system (EMS) a high priority goal [15]. 

Automatedd External Defibrillator s 

Initially,, only medical and paramedical personnel could perform out-of-hospital defibril-
lation,, because defibrillation required the medical expertise of interpreting an ECG. 
Suchh personnel is expensive and therefore located centrally in the EMS. A new defibril-
latingg device was developed that would not require interpretation of the heart rhythm by 
ann expert before a shock could be given. Current automated external defibrillators 
(AEDs)) are highly sophisticated, small and portable devices that incorporate a rhythm 
analysiss system and a shock-advisory system. The AED "reads" short segments of the 
rhythm.. It checks characteristics such as frequency, shape, slope and amplitude (Figure 
1).. Some devices are programmed to detect spontaneous movements by the patient or 
movementt of the patient by others. Once turned on, the AED guides the user through 
eachh step of the defibrillation process by providing voice and visual prompts. After 
rhythmm analysis, the AED prompts the user to deliver a shock if it determines one is 
needed.. After shock delivery, the AED re-analyzes the rhythm to determine if another 
shockk is needed. If a shockable rhythm is not detected, the AED prompts the user to 
checkk the patient for a pulse or to check for signs of life, and to perform CPR if nee- 15 

ded.. Sensitivity is considered the (true) positive identification of VE Specificity is 
regardedd the (true) exclusion of presence of VE Sensitivity and specificity of the devi-
cess are mainly determined by the distinction between VF and asystole. As time of car-
diacc arrest passes, the amplitude of VF decreases until it falls below a threshold (usual-
lyy lOOuV), after which it is classified as non-shockable. Over the years, the accuracy of 
thee rhythm detection algorithm in various AEDs was tested with ECGs from a databa-
se,, in field tests and clinical studies [18-20]. The sensitivity and more important the 
specificityy of the rhythm analysis of current AEDs is high. In general, the sensitivity 
liess between 95-99% and the specificity between 98-100%. 

Figuree 1. Features of an ECG analyzed by an AED. 
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Clinicall  experience with AEDs 

Afterr the first tests by rescuers who were licensed to defibrillate, the AED was introdu-

cedd in the hands of non-traditional first responders. Early studies with the AED demon-

stratedd that defibrillation performed by lay-rescuers is feasible and safe in clinical practi-

cee [10,12,16,17]. The initial programs on the use of AEDs outside the EMS were per-

formedd mainly in the US and involved police officers and fire fighters. Most studies 

demonstratedd increased survival rates when compared to historical control groups 

[8,10,17].. Besides community defibrillation with first responders using an AED, anot-

herr approach to reduce the time to defibrillation was the deployment of AEDs in public 

placess used by (trained) laypersons. Observational studies have been performed on air-

planes,, airports and casinos [21-23] and demonstrated high survival rates (up to 60%) 

forr patients in witnessed VF cardiac arrest. 

Sincee the vast majority of OHCA occurs at home [2], several categories of patients 

couldd potentially benefit from in-home AEDs, e.g. high risk post AMI patients when 

ann internal-cardioverter-device is not indicated [24] and patients/families with inherited 

arrhythmogenicc diseases. Initial experiences with home use of AEDs in small groups of 

patientss showed no benefit [25]. Psychological issues are among the major concerns for 

aa widespread deployment of AEDs at home for the high-risk individuals. 

166 The AED has been recognized as a key link in the "chain of survival". The Guidelines 

20000 for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care consider 

thee use of the AED a class Ha recommendation for level 1 responders such as police and 

firee fighters if the EMS cannot achieve a first shock within 5 minutes after call [26]. A 

classs Ila recommendation indicates that the weight of evidence or opinion is in favor of 

usefulnesss and/or efficacy. 

Waveforms s 
Sincee the introduction of external defibrillation over 30 years ago, the standard shock 

waveformm for defibrillators had been a monophasic waveform in which the electrical cur-

rentt flows in one direction. In biphasic shocks the direction of the electrical current flow 

reversess during shock delivery (Figure 2). In electrophysiological studies and ICD tes-

ting,, the two waveforms have been compared and the biphasic waveform was found to 

bee superior to the monophasic waveform with respect to defibrillation success and ener-

gyy requirement. Furthermore, there is evidence, derived from animal studies that bipha-

sicc shocks cause less myocardial damage, because of the lower peak current. Biphasic 

waveformm defibrillation is considered a class Ila recommendation and the biphasic tech-

nologyy is now incorporated in most current AEDs. 
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Figuree 2. Biphasic and monophasic waveform shocks of 200J when meeting an impedance of 75 Ohm. 

Organizationn of emergency care in the Netherlands 
Forr medical emergencies as well as police and fire emergencies one central alarm num-
berr is in use: 112. Calls to this number are received at a central switchboard, where the 
decisionn is made to transfer the call to the ambulance, police or fire dispatch center. The 
dispatchh center of the EMS is manned by nurses. Nurses, with most often a background 
off  intensive/coronary care nursing, also staff all ambulances in the Netherlands. They 
aree licensed to defibrillate manually, intubate, create intravenous access and to adminis-
terr all required medication according to the ERC protocol for ACLS [27]. The Dutch 
EMSS is a one-tiered system. When the ambulance dispatch center receives a call and 
suspectss a cardiac arrest, two ambulances are send out. Telephone CPR is not routinely 
instructed.. Several organizations (e.g. the Netherlands Heart Foundation, Orange Cross, 
thee VVAA ) organize courses in CPR for the public. These CPR courses are required for 
policee officers, fire fighters and medical students. The penetration of CPR skills in the 
populationn is reasonable to good, compared to other countries. In the previous study in 
thee Amsterdam region (ARREST 2 [4,28]) CPR was performed in 53% of the patients 
beforee the arrival of the ambulance (including CPR by police and general practitioners). 

Previouss ARREST studies 
Betweenn 1995 and 1997 the AmsteRdam REsuscitation STudy 2 (ARREST 2) was 
performed,, aimed at describing the "chain of survival" in Amsterdam and its surroun-
dingss to suggest areas for improvement. In this period, 1119 non-traumatic resuscitation 
attemptss were performed by the ambulance service. Of these, 599 (53%) patients were 

17 7 
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foundd in VF. The overall survival to discharge from the hospital was 8.3%. The survi-
vall  rate of patients with VF as initial rhythm was 13.2% and the survival rate for all 
otherr rhythms combined was 1.8%. Of the patients who died, about 75% died before 
admissionn and over 90% died within 4 days of admission. There was a strong positive 
relationn between better survival and a) initial rhythm VF, b) performance of CPR before 
ambulancee arrival and c) shorter time interval between collapse and the delivery of the 
firstfirst shock. Figure 3 shows the relation between CPR, time to first shock and survival 
forr patients with VF as initial rhythm. Figure 4 shows the differences in arrival time, 
duringg the ARREST-2 study period, between ambulance and police for those cases 
whenn the police was also notified (16% of cardiac arrests) and had traveled to the scene. 
Whenn the police was alarmed, they arrived 5 minutes (median) earlier at the scene. This 
previouss ARREST study indicated that all links in the "chain of survival" had to be 
strengthenedd and that equipping the police with AEDs might be the most useful inter-
ventionn to improve survival of OHCA [4]. 

Survival l 

1 1 

188 075 

05 5 

0.255 " 

0 0 

1-22 3-4 5-6 7-8 9-10 11-12 13-14 15-16 17-18 19-20 >20 

Figuree 3. Time interval between collapse and first defibrillation in minutes related to survival to hospital 
dischargee [Waalewijn ct al. Thesis 2002]. 

ARRESTT 4 study area and study organization 
Thee primary objective of the ARREST 4 study was to test the hypothesis that the 

introductionn of AEDs used by dispatched first responders (police officers and fire figh-

ters)) in a standard emergency medical response system would result in higher patient 

dischargee rates for OHCA. 

Thee study area consisted of, amongst others, the cities Amsterdam, Amstelveen, 

Haarlem,, Purmerend and Zaanstad. In total, the study area included 885 square 

 Survival with CPR 

 Survival without CPR 



minutess after collapse 

Figuree 4. Cumulative time from collapse to arrival at the patient's side after OHCA calls for police offi-
cerss and ambulance personnel. When the police was also notified (16% of cardiac arrests), they arrived 
55 minutes median earlier than the ambulance [Waalewijn et al. Resuscitation 1998;38:157-167]. 

kilometerss with urban and rural parts. Of the population of 1.6 million inhabitants, 
13%% was over the age of 65 years and 49% were men. Two ambulance-dispatch cen-
terss were situated in the study area and the ambulances were based on 9 different loca-
tions.. Two police districts participated in the study: the police district of Zaanstreek-
Waterlandd (Figure 5, region B) and the police district of Kennemerland (Figure 5, 
regionn A). For this study, 1053 policemen were trained in the use of an AED in a 
three-hourr course. Two fire brigades participated in a non-overlapping region with the 
policee districts: the fire brigade Amsterdam and the fire brigade Amstelveen (Figure 
5,, region C). In total 680 firefighters were trained in the use of the AED. The AED 
coursee was based on the pilot European Resuscitation Council (ERC) AED course of 
Lyonn 1999 and included all goals recommended by the ERC [29]. These were: to 
understandd the importance of electrical shocks in case of a cardiac arrest, to under-
standd the function of an AED, to learn safely and effectively administer a shock wit-
hinn 90 seconds after arrival, to learn how to use an AED under different circumstan-
ces,, to understand when one can and cannot use an AED, and understanding device 
maintenancee issues. At the end of the AED course, trainees were assessed by means 
off  a scenario test. When a trainee was assessed as 'not yet competent', this trainee 
receivedd a re-training. Only after being assessed as competent, a trainee received a cer-
tificate,, allowing him/her to use the AED in resuscitation attempts. When a cardiac 
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arrestt was suspected by one of the two ambulance-dispatch centers in the study 
region,, the police or fire brigade dispatch center was alarmed, depending on the 
regionn of the cardiac arrest. After receiving the direction by the ambulance dispatch 
center,, the police or fire dispatch center send a police patrol car or fire engine to the 
scene.. The setup of the study was as a controlled trial. In order to create an experi-
mentall  and control group, the study area was divided in 8 regions. In the experimen-
tall  regions, police cars and fire engines were equipped with an AED. In the control 
regions,, the police officers and fire fighters traveled to the scene without AED, only 
too perform CPR. At one point in time 4 regions served as an experimental group and 
44 as control group. These regions were alternated every 4 months. 
Inn case of activation of the EMS for OHCA, a study data collector (trained medical 
students,, working in shifts covering 24-hours a day, seven days a week) was notified 
byy beeper by the dispatch center and traveled to the scene (Figure 6). They usually 
reachedd the scene with a still ongoing resuscitation. The data collector downloaded 
thee data stored in the AED (if used) and EMS defibrillators into a laptop on scene. 

Figuree 5. The ARREST 4 study area. In the regions A, the police district of Kennemerland served as first 
responder;; in the study region B the police district of Zaanstreek-Waterland served as first responder; in 
thee region C the municipal fire brigades of Amsterdam and Amstelveen served as first responders. 



Thee downloaded registration contained all rhythm data and time of shocks (Figure 7). 
Thee data collector interviewed all persons involved in the resuscitation effort, inclu-
dingg family members, bystanders, EMS personnel, fire fighters and police officers. 
Muchh effort was put into the integration of all information with emphasis on accurate 
estimationn of the moment of the collapse and the moment of return of spontaneous 
circulation.. A radio-controlled watch served as the time standard. In case the patient 
wass admitted to the hospital, the data collector followed the patient into the emergen-
cyy room where the registration was continued. 

.. \ I I / . 21 1 

ARRESTT 4 

Figuree 6. Organization of the ARREST 4 study. 

Outlin ee of the present thesis 
Thee first part of the thesis concerns the effectiveness and efficiency of first responder 
defibrillationn with AEDs. The prospective and controlled clinical trial to test the benefit 
off  the use of the AED by dispatched first responders is described in Chapter  2. In 
Chapterr  3, the health system costs of OHCA are described. This study assessed the 
averagee health care costs per life saved and the incremental cost-effectiveness ratios for 
scenarioss in reduction of time to shock of 2, 4 and 6 minutes. 

Thee second part of the thesis concerns potential improvements of the AED or potential 
improvementss in the use of the AED. In Chapter  4, two waveforms were evaluated to 
determinee the optimal waveform for defibrillation. This double blinded study was per-
formedd to test the hypothesis that biphasic truncated exponential waveform AEDs per-
formm better than monophasic damped sine waveform AEDs, in terms of shock success, 
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whenn used in OHCA VF patients. Chapter  5 deals with the problematic interruption of 
CPRR during the use of the AED. In this study, the actual interruption time of CPR 
duringg the use of the AED by first responders in OHCA was measured. In Chapter  6, 
thee characteristics of occurrence of VF recurrence after a successful shock in OHCA were 
assessed.. Furthermore the relationship between VF recurrence and survival was studied 
andd the recognition of VF recurrence when using an AED or using a manual defibrilla-
torr was compared. Evaluation and improvement of AED training courses are discussed 
inn Chapters 7 and 8. 

Fhee third part of the thesis concerns the medical treatment and outcome after surviving 
ann OHCA. In Chapter  9, the clinical practice of internal-cardioverter-device implanta-
tionn is compared with the guidelines in OHCA patients. In Chapter  10, the quality of 
lif ee of the patients who survived OHCA is evaluated and related to the "chain of survi-
val".. In Chapter  11, the cognitive function of survivors is evaluated in detail and rela-
tedd to the duration of the cardiac arrest. 
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Figuree 7. Example of an AED registration after downloading. The initial rhythm was VF. Shortly after the 
firstfirst shock there is return of an organized rhythm. 
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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 

• • 
Initiall rhythm 
Shockoblc c 

n=157(65%) ) 

Initiall rhythm 
Non-shockable e 

n== 86 (35%) 

initiall rhythm 
Shockk able 

n=1511 (67%) 

^ ^ 
Initiall ittylhm 

Non-shockable e 
n=755 (33%) 

ROSC C 
== 35(41%) 

t t 
Noo ROSC 

nn = 51 (59%) 

tt \ 
Admittedd V M 

nn = 21 (24%) \ 

• • 

ROSC C 
nn • 91 (60%) 

K K 
Admittedd \ 2 9 

nn = 62(41%) \ 

• • 

Noo ROSC 
nn = 60 (40%) 
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ff Oischsr [[ Discharged 
«(5%) ) 

Expired d 

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

n=32(21%) ) 

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

hschargedd 4 Expired 
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. 



Chapterr 2 Use of the AED by First Responders 

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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ABSTRACT T 

Objective e 
Thiss study was performed to determine the health care resources used and related direct 
medicall  costs during the first half-year following out-of-hospital cardiac arrest (OHCA) 
inn relation to time to shock. Furthermore, this study assessed the relationship between 
healthh care costs per life gained and reduction in time to shock by 2, 4 and 6 minutes. 

Methodss and Results 
Consecutivee patients in witnessed OHCA in Amsterdam, the Netherlands, with VF as 

initiall  rhythm, were included. Clinical and costs data were prospectively collected. 

Eachh patient's time to shock was estimated and assigned to one of 3 categories: <7 

minutess (early), 7-12 minutes (intermediate), and >12 minutes (late). Incremental 

cost-effectivenesss analysis and Monte Carlo simulation were performed comparing 

scenarioss of reduction in time to shock to baseline of 2, 4 and 6 minutes. We inclu-

dedd 308 patients. Six-month survival was 22%. The mean pre-, in- and post-hospital 

costss in the first half-year following OHCA were €559, €6.869 and €666. On avera-

466 ge, €28.636 was spent per survivor and € 2.384 per non-survivor. Among patients 

shockedd early (N=24), 46% survived, averaging €20.253, 54% died, averaging 

€2.836.. Of the intermediate group (N=149) 26% survived, averaging €31.467, and 

74%% died, averaging €2.884. Among patients shocked late (N=135), 13% survived, 

averagingg €27.781, 87% died, averaging €1.859. The point estimate of the incremental 

cost-effectivenesss ratios for the scenarios in reduction of time to shock of 2, 4, and 6 

minutess compared to baseline was €17.508, €14.303 and €12.708 per life saved, 

respectively. . 

Conclusion n 
Mostt costs were made in-hospital. Costs per survivor were lowest with the shortest 

timee to shock. Reducing the time to defibrillation increases the health-care costs to an 

acceptablee amount. 



INTRODUCTIO N N 

Thee use of automated external defibrillators (AEDs) by lay rescuers such as police, 
firefire fighters, flight attendants and security personnel has shown to improve the survi-
vall  of out-of-hospital cardiac arrest (OHCA) [1-3]. 

Thee costs-effectiveness of these early defibrillation programs critically depends on the 
incidencee of cardiac arrest in relation to the required amount of defibrillators and the 
expectedd gain in time to defibrillation. Various studies have shown that their AED 
programss appear to fall within the conventional standards of costs-effectiveness [4-9]. 
Withh the improvement of pre-hospital care more patients wil l survive to hospital 
admissionn and therefore health care costs will increase. In 3 studies, 2 on public 
accesss defibrillation and one on the cost-effectiveness of AEDs on board of aircrafts, 
healthh care costs were taken into account [4,5,9]. These studies used one fixed price 
forr a survivor and one fixed price for a non-survivor of OHCA. Shortening the time 
too defibrillation may have impact on the clinical condition of the patient upon arrival 
inn the hospital and the subsequent in-hospital course. 

Wee studied the direct costs of pre-, in-, and post-hospital health care in a cohort of 
victimss of OHCA, in which the time to defibrillation of each individual could be 
relatedd to these health care costs in the first 6 months after resuscitation. Furthermore, 47 

wee could determine the incremental health care costs per life saved, derived from sce-
nario'ss of reduction in time to shock by 2, 4 and 6 minutes. 

METHOD S S 

Studyy area, emergency medical system and patient selection 
Thee study area included the city of Amsterdam and a surrounding area with both 

urbann and rural parts, including 1.6 million inhabitants, covering 885 square kilome-

ters.. Between January 2000 and January 2002 data of all patients in OHCA, identified 

byy the emergency medical system (EMS) dispatch center, were prospectively collected 

inn the setting of a controlled trial to the effect of the use of AEDs by first responders. 

Thee standard EMS consisted of ambulances, manned with a team qualified to perform 

advancedd cardiopulmonary life support (ACLS). Police and fire-fighter first responders 

weree equipped with an AED. When the first responders with AED arrived first at the 

scenee they used the AED. Paramedics could take over the resuscitation connecting their 

ownn manual defibrillator. Patients with a witnessed cardiac arrest and an initial 

shockablee rhythm were included in this analysis. Excluded were patients below the 
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agee of 18 years and patients with a cardiac arrest of traumatic origin. 

Dataa collection 
Dataa collection on scene took place by dedicated data collectors (medical students), 

alarmedd shortly after the ambulance, who reached the scene by car. Data were obtained 

onn the circumstances of the arrest, the estimated moment of collapse, witnesses, 

bystanderr cardiopulmonary resuscitation, sequence of events, and relevant time 

points,, by directly interviewing all persons involved. The continuous rhythm data 

fromm the AEDs and manual defibrillators were downloaded into a laptop on the scene. 

Deviationss of internal clocks were corrected by comparison with radio-controlled 

clocks.. An experienced research nurse assessed the survivors at 6 months after the 

resuscitationn and classified the patients according to the 5-point scale of Glasgow-

Pittsburghh Overall and Cerebral Performance Category (OPC and CPC). 

Definitions s 
Rhythmss were categorized as shockable (VF/VT), asystole (amplitude <100mV) or 

organizedd rhythm. The time to shock was defined as the time from the moment of the 

collapse,, as estimated by the data collector, to the delivery of the first shock. Return 

488 of spontaneous circulation (ROSC) was defined as return of a palpable pulse for at 

leastt 15 seconds. 

Primar yy end point 
Beingg alive at 6 months after the cardiac arrest was taken as the end point of effectiveness. 

Ethics s 
Medicall  ethics committees from the participating hospitals and EMS approved the 

studyy and considered the study exempt for informed consent prior to treatment. Medical 

authorizationn was obtained from patients or family members post resuscitation. 

Costs s 
Costss were calculated as the product of volumes of used health care resources and 

theirr 2001 unit costs. Only direct medical costs were taken into account. Account was 

keptt of all volumes during hospitalization from medical records per patient: days of 

admissionn in the different wards, diagnostic investigations (including laboratory tes-

ting)) and therapeutic procedures. Volumes of post-discharge health care were recorded 

byy assessing medical records and interviewing the general practitioner and the patient 

orr family members at 6 months after the OHCA. These volumes included: days of 



caree in nursing homes and rehabilitation centers; readmissions to hospital; visits to 
outpatientt hospital clinics and to the general practitioner; treatments by physiothera-
pistt and hours of home care. 

Becausee of the observed high volumes and the potentially costly nature of inpatient 
hospitall  days, standard cost-accounting procedures based on the 2001 hospital ledger 
weree followed to estimate true costs of involved personnel and used materials. 
Additionall  costs of overhead per inpatient day were derived from existing Dutch 
healthh care costing guidelines [10]. The total costs per inpatient hospital day were dif-
ferentiatedd for academic and non-academic hospitals. 

Costss of the outpatient hospital consultations and of home support were based on 
estimatess of the true costs of these services available from 2 national standard costs-
accountingg studies [11]. Costs of ambulance care, emergency room treatment, out-of-
hospitall  consultations by the general practitioner and the physiotherapist, and days in 
aa nursing home were based on national census data (e.g. total expenditures for general 
practitionerr care divided by the number of insured patients and the average number of 
consultationss per insured patient) [12]. 

Forr the less frequently observed major diagnostic procedures (e.g. coronary angiogra-
phy,, electro-encephalography) and interventions (e.g. angioplasty, coronary bypass 
surgery),, either standard charges [13] were used as a surrogate for costs or cost data 
fromm prior research [14] were used, adjusted for the year 2001 using price indices for 
thee health care sector. Costs are reported in 2001 Euro (€). 

Cost-effectivenesss analysis 
PatientsPatients were classified in 3 groups according to time to the first shock. As the 

AHA/ILCORR guidelines consider shock delivery within 5 minutes after call a high 

priorityy goal and we observed a median time from collapse to call of 2 minutes, we 

definedd group 1 as shock delivery within 7 minutes after the collapse [15]. We divi-

dedd the remaining patients into 2 approximately equally numbered groups; group 2: 

shockk delivery between 7 and 12 minutes, and group 3: shock delivery >12 minutes 

afterr the collapse. For these groups the 6 month survival and the mean total health 

caree costs during the first half year after the resuscitation was calculated. 

Scenarioss were made in reduction to time to shock of 2, 4 and 6 minutes. To apply a 

scenarioo we subtracted 2, 4 or 6 minutes respectively from the measured time from 

calll  to shock and reclassified, if applicable, each patient to one of the 3 "time to 

shock""  groups, with the associated survival and costs. The overall survival and costs 

afterr the resuscitation were calculated for each scenario. 
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Statisticall  analysis and sensitivity analysis 
Unitt costs were applied to the volume data of the individual patients to arrive at 

costss per patient. Descriptive statistics were used to express the use of health care 

resourcess and related costs for the 3 groups in time to shock. To test differences in 

costss between the 3 groups and subgroups of survivors and non-survivors the 

Jonkheere-Terpstraa test was used (a non-parametric test for ordered differences among 

groups).. Point estimates of average health care costs and of the probabilities of survi-

vall  of the 3 groups were used to calculate the incremental cost-effectiveness ratios of 

thee scenarios in reduction of time to shock of 2, 4 and 6 minutes versus baseline. To 

accountt for data uncertainty, a Monte Carlo simulation was performed consisting of 

5000 first-order runs each representing 500 second-order runs [16]. The simulation used 

thee observed (6) distributions of health care costs data for the patients alive or dece-

asedd in the 3 groups. The probabilities of patients being alive in each group were 

assumedd to follow Beta distributions [17]. Incremental cost-effectiveness scatter plots 

ass well as acceptability curves for willingness to pay values up to €100.000 are pre-

sentedd for each comparison of time reduction scenarios with baseline. 

Too investigate the robustness of our results to changes in the underlying unit costs 

wee performed an additional Monte Carlo analysis using different unit costs for the 

importantt units, derived from published data from another Dutch cost-effectiveness 

analysis,, after price indexing, concerning stenting versus balloon angioplasty [18]. 

RESULTS S 

Inclusion n 
AA total of 583 consecutive patients were enrolled during the 24-month study period. 

Off  these, 252 patients (43%) had an initial non-shockable rhythm and of the patients 

withh a shockable rhythm 23 were non-witnessed cardiac arrests. Therefore 308 patients 

withh an initial shockable rhythm and witnessed cardiac arrest were included in the 

analysis.. Baseline and process characteristics of these patients are shown in table 1. 



Tablee 1. Patient and process characteristics of all consecutive patients in witnessed out-of-hospital 
cardiacc arrest with initia l rhythm VF (n=308). 

Characteristic c 

Male,, n (%) 

Age,, years, mean D 

CPR,, n (%) 

Bystanderr CPR 

Firstt responder CPR 

CPRR started after ambulance arrival 

Firstt shock by AED, n n (%) 

Timee intervals in minutes, median (inter 

quartilee range) 

Collapsee to call 

Collapsee to CPR 

Collapsee to shock 

Collapsee to ACLS 

Value e 

2511 (81%) 

4 4 

1688 (55%) 

800 (26%) 

600 (19%) 

700 (23%) 

2(1-3) ) 

22 (1-6) 

111 (9-15) 

14(11-17) ) 

Patientt  outcome 
ROSCC occurred in 195/308 patients (63%) and 144/308 patients (47%) were admitted 
too the hospital. Seventy-two patients (23%) survived to hospital discharge. At 6 
monthss 67/308 patients (22%) were still alive. In 44/67 (66%) of the survivors the 
CPC-- and OPC-score was 1 (indicating functioning at pre-arrest level). A CPC- and 
OPC-scoree of 2 (some limitation) was scored in 15 patients. Seven patients (10%) 
hadd a CPC- and OPC-score of >3 indicating a poor cerebral and overall performance 
andd 1 patient had an CPC-score of 2 and an OPC-score of 3. 
Thee Kaplan-Meier survival curves for the 3 groups in time to shock are shown in 
figuree 1. The difference in survival is statistically significant (p <0.001). 

51 1 

Figuree 1. 
Kaplan-Meierr survival 
curvess for the 3 groups 
byy time interval from 
collapsee to first shock. 
Thee overall 6 months 
survivall  for group 1 
(earlyy shock) was 
11/24(46%),, for group 
22 (intermediate shock): 
38/1499 (26%) and for 
groupp 3 (late shock): 
18/1355 (13%), p<0.001. 
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Volumes s 
Inn table 2 the volumes and unit prices of health care utilization during pre-hospital, 

in-hospitall  and post-discharge treatment are shown, separately for the survivors and 

non-survivors.. The distribution over the different departments during the in-hospital 

stayy for all 144 patients admitted to the hospital from the emergency room is shown 

inn figure 2. 

•• ICU S CCU 0 Ward D Discharge • Dead 

00 5 10 15 20 25 30 35 40 45 50 55 60 

Timee from collapse in days 

Figuree 2. 
Distributionn over the different departments over time during hospital stay. 
T0== admission to the hospital from the emergency department, n=l44. 
Aboutt 90% of the patients who die, do so within the first week of admission, most at the ICU. Median 
hospitall  stay for survivors was 24 days (range 8-171 days). 



Tablee 2. Resource utilization during first 6 months following VF witnessed out-of-hospital cardiac arrest. 

Resources s 

Pre-hospitall  care 

In-Hospitall  care 

Interventions s 

Diagnostics s 

Long-termm care facility 

Post-discharge,, consultations 

Otherr post-discharge care 

Ambulancee care 

Presentationn shock room 

ICUU days 

CCUU days 

Cardiologyy ward days 

Neurologyy ward days 

Otherr ward days 

Ambulancee transport 

Angioplasty y 

CABG G 

ICDD implantation 

Pacemaker r 

Laboratoryy examination 

Angiography y 

EPS S 

MPS S 

CT-scan n 

EEG G 

SSEP P 

Rehabilitationn days 

Nursingg home days 

Cardiologist t 

Otherr specialist 

Generall  practitioner 

Rehabilitationn center 

Physiotherapist t 

Otherr paramedic 

Hourss of domiciliary care 

Unitt costs in 

Euro o 

348 8 

403/291* * 

1.468/1.044* * 

699/499* * 

255/201* * 

381/291* * 

255/201* * 

152/303t t 
5.333/6.674J J 

8.156 6 

31.173 3 

4.804 4 

20 0 

787 7 

584 4 

517 7 

162 2 

93 3 

58 8 

357 7 

141 1 

59 9 

48 8 

17 7 

95(+intake:222) ) 

19 9 

19 9 

24 4 

Volumess per 100 patients 

Survivors s 

N=67 7 

100 0 

100 0 

285 5 

493 3 

1.751 1 

191 1 

107 7 

87 7 

19 9 

15 5 

28 8 

1 1 

1.510 0 

49 9 

28 8 

18 8 

21 1 

6 6 

3 3 

119 9 

745 5 

121 1 

49 9 

119 9 

1.329 9 

142 2 

146 6 

4.505 5 

Non-survivors s 

N=241 1 

100 0 

60 0 

111 1 

35 5 

84 4 

0 0 

0 0 

6 6 

3 3 

0 0 

0 0 

0 0 

160 0 

1 1 

0 0 

1 1 

4 4 

10 0 

8 8 

0 0 

54 4 

1 1 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

Total l 

N=308 8 

100 0 

69 9 

149 9 

136 6 

634 4 

42 2 

23 3 

23 3 

7 7 

3 3 

6 6 

0 0 

449 9 

11 1 

6 6 

5 5 

8 8 

9 9 

7 7 

26 6 

204 4 

27 7 

11 1 

25 5 

289 9 

31 1 

32 2 

980 0 

**  Academic hospital/non-academic hospital 
tt Ambulance transport one way/return 
^Angioplastyy without stcnting/with stenting 
CCU:: coronary care unit, ICU: intensive care unit, CABG: coronary bypass grafting, ICD: implantable 
cardioverterr defibrillator, EPS: electrophysiological studies, MPS: myocard perfusion scintigraphy, CT-
scan:: computer tomography, EEG: electro-encephalography, SSEP: somatosensory evoked potentials. 
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Tablee 3. Direct medical costs for  survivors and non-survivors in relation to time to shock 

Timee to first N (%) 

shock k 

Pre-hos-- In-hospital 

pita!!  costs nursing day 

costs s 

ln-hospital l 

diagnosticss and 

interventionn costs 

Post-dischar-- Total 

gee costs costs 

II  <7 minutes 24 

—— 7-12 minutes 149 
eg g 

££ >12 minutes 135 

6166 3 4.418 1 

5766 3 4.772 1 

5300 0 2.880 9 

4.7500 3 

3.9722 8 

1.5122 6 

1.0355 6 10.819 4 

8544 1 10.174 5 

3944 4 5.315 9 

|=.. <7 minutes 11 (46%) 654 0 

|| 7-12 minutes 38(26%) 654 0 

Jjj  >12 minutes 18(13%) 654 0 

gg <7 minutes 13(54%) 584 4 2.208 6 45 1 

%% 7-12 minutes 111(74%) 549 6 2.003 1 330 4 
Co o 

gg >I2minutes 117(87%) 3 1.131 0 217 9 

11 10.312 7 0 7 

12.8599 5 14.610 3 3.344 0 31.467 7 

14.2488 6 9.928 4 2.951 6 27.781 1 

0 0 
22 ±1 0 

0 0 

2.83 66 ±4.15 7 

2.88 44 ±4.86 0 

1.85 99 ±3.91 2 

Al ll  costs in Euros, mean D 

Costss and cost-effectiveness 
Thee mean pre-, in- and post-hospital costs in the first half year following OHCA were 
€559,, €6.870 and €666 per patient. For survivors and non-survivors the total health 
caree costs were €28.636 and €2.383, respectively. Non-survivors incurred lower expen-
sess than survivors. The distribution of the costs data was highly skewed, typically for 
costss data; few patients incurred particularly high costs. Table 3 shows the costs for sur-
vivorss and non-survivors for the 3 groups in relation to time to shock. The difference 
betweenn the in-hospital nursing day costs for the survivors in the 3 groups was signifi-
cantt (p = 0.045). The survivors who received the shock earlier spent the least days on 
thee ICU, the mean duration of ICU stay for early, intermediate and late time to shock 
wass 1.4, 2.5 and 4.4 days, respectively (p=0.02). The point estimate of the incremental 
cost-effectivenesss ratios for the scenarios of reduction in time to shock by 2, 4 and 6 
minutess related to baseline were €17.508, €14.303 and €12.708, respectively. These 
costss represent the additional costs for health care during the first half-year for each life 
savedd as a consequence of the reduction in time to shock. Figure 3a-c shows the cost-
effectivenesss planes based on the Monte Carlo simulation for each scenario with a 95% 
confidencee interval and shows the corresponding acceptability curves for different willing-
ness-to-payy values up to €100.000. The Monte Carlo analysis based on price-indexed 
unitt costs from Serruys et al [18] did not deviate notably from the reported results. 
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Figuree 3A-C. Results of Monte Carlo simulation displayed in cost-effectiveness planes and acceptability 
curvess for different willingness-to-pay values up to €100.000. 
A:: Scenario reduction in time to shock of 2 minutes versus baseline 
B:: Scenario reduction in time to shock of 4 minutes versus baseline 
C:: Scenario reduction in time to shock of 6 minutes versus baseline 
Thee ellipses represent the 95% confidence interval. 
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DISCUSSION N 

Thiss study analyzed the health care costs incurred with resuscitation of OHCA patients 

foundd in VF. As the interval between collapse and first shock was known in each 

patient,, we could relate the health care costs to time to defibrillation and the cost-

effectivenesss of scenarios in reduction of time to defibrillation could be calculated. 

Six-monthh survival was 22% of the 308 OHCA patients. On average, €28.636 was 

spentt on medical costs in the first half-year after the resuscitation per survivor and 

€2.3833 per non-survivor. Most costs after OHCA were made in-hospital. While pre-

hospitall  costs for survivors and non-survivors were the same, in-hospital costs for 

non-survivorss were much lower than those for survivors, both for nursing days costs 

andd the costs of diagnostics and intervention. We showed that the majority of patients 

dyingg in-hospital do so within the first week of admission in the ICU, while compli-

catedd diagnostic and therapeutic interventions are usually deferred to later in-hospital 

stay.. An important observation was that survivors who received an early shock had 

significantlyy less in-hospital nursing day costs, because of significantly fewer admis-

sionn days on the ICU. The lower cost from the hospital care for the early-defibrillated 

survivorss is not reflected in the total cost in this group, because of the large difference 

inn survival rates. With late defibrillation, the high proportion of "cheap" non-survi-

vorss has a large favorable impact on the total costs. Conversely, the high cost of 

medicall  care in early-defibrillated patients is still relatively low as it benefits a high 

proportionn of survivors. Monte Carlo simulation showed that system improvements 

resultingg in a time gain of 2, 4 or 6 minutes have a 0.95 probability of being cost-

effectivee at willingness-to-pay values per life saved of respectively €64.000, €59.000 

andd €61.000, based on the health care costs in the first half-year following the resus-

citation.. There is even a 20-30% chance in each scenario that the saving of a live is 

costt neutral or cost saving. 

Theree is no absolute standard that can be applied to judge how much society is willing 

too spend on medical care for saving a life. In general, wealthier countries are willing 

too pay more than poorer countries. In the United States, a cost-effectiveness ratio of 

<$50.0000 per life year gained is regarded as economically attractive. On the other 

hand,, a cost-effectiveness ratio of >$ 100.000 per gained live year is generally regarded 

ass economically unattractive [19]. The willingness to pay presented in this study 

appliess to a whole life saved and the costs measurement was limited to 6 months. 

Thee expected long-term survival among OHCA survivors is recently described, the 

observedd 5-year survival was 79%, only slightly lower than the general population 

andd identical to age-, gender- and disease-matched controls [20]. We assumed that the 



medicall  costs after 6 months will be similar to those of cardiac patients who never 

havee been resuscitated. When we conservatively estimate that an OHCA survivor lives 

onn average for another 5 years, all reduction in the time to shock is attractive accor-

dingg to standards for cost-effectiveness. 

Thee program costs of early defibrillation have not been incorporated in our analysis. 

Thee costs which must be made to decrease time to defibrillation as described in the 

scenarioss are of major concern to decision makers among the police and fire fighters 

whoo face a restricted budget. From the perspective of society, these costs must be 

addedd to the health care costs in order to fully describe the costs involved. These pro-

gramm costs may be significant and wil l be highly dependent on the local situation and 

involvee changes in organization of the dispatch center, training of first responders, 

purchasee and depreciation of AEDs, material and personnel costs of involvement of 

firstt responders during resuscitation efforts. The more the response time must be redu-

ced,, the more extensive the efforts and the higher the cost may be. 

Improvementss in the emergency medical system have shown to be feasible [1,2,21]. 

Onlyy controlled programs give insight in the benefit in terms of time gained. The 

Casinoo project of Valenzuela is an example of a study reporting an extremely large 

improvementt of the response time compared with the conventional ambulance service. 

Forr that reason, the Casino project is exceptional and cannot be considered representa-

tivee of general first responder projects. More representative is the police study in 

Miami-Dadee County [2], where police was equipped with AEDs. The time from col-

lapsee to arrival decreased from 7.6 minutes to 4.9 minutes. It is likely that most pro-

grams,, which are dependent on dispatching of ambulances and first responders, wil l 

resultt in modest improvement in collapse to shock times. But even then, the propor-

tionn of patients "shifting" to the shortest time to shock may increase substantially. 

Limitation s s 
PatientsPatients selected for this analysis were prospectively included in the setting of a con-

trolledd trial to the effect of first responder defibrillation. During this trial, half of the 

firstfirst responders were equipped with an AED (experimental group). In the experimental 

group,, the first shock was delivered 101 seconds earlier (median 11.1 minutes after 

collapse).. With this small and late time gain, no difference in 6 month survival was 

found.. Therefore we pooled all patients and performed an incremental costs effective-

nesss analysis by assessing the shifts in time to shock groups when the time to shock 

hadd been reduced with 2, 4 and 6 minutes. By calculating only the shifts occurring 

betweenn the groups for the scenarios, we did not take shifts within the groups into 
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account.. We decided upon the creation of groups instead of modeling continuously to 

achievee a reasonably stable estimate of the costs involved. 

Forr obvious reasons the patients could not be randomized to the time to shock and 

thee groups were retrospectively created. We found no differences with regard to the 

baselinee characteristics between the 3 groups. Therefore it is unlikely that the differen-

cesces in costs between groups were the consequence of the baseline states of the 

patients. . 

Thee time interval between collapse and first shock was the sum of an estimated inter-

vall  between collapse and call and accurately measurement of the interval between call 

andd shock. The moment of collapse is the moment that cerebral and other body func-

tionss start to deteriorate, which is probably a major determinant of speed of recovera-

bility .. Therefore using the time interval from collapse instead of call will be the most 

accuratee for the purpose of this study. 

InIn this analysis only patients with an initial shockable rhythm were included, the sur-

vivall  benefit of early response is mainly to be expected in patients with an initial 

shockablee rhythm. With improvements in response time a larger proportion of 

patientss can expected to be found in a shockable rhythm and therefore the actual bene-

fitt of early response could even be larger than reported. 

Ourr study included only direct medical costs. Indirect non-medical costs such as of 

sickk leave were not taken into account; the average age of the patients was 66 years, 

meaningg that most of them had already left the workforce. 

Ourr Dutch costs may not be directly transferable to other countries because of diffe-

rencess in costs of health care resources and because of differences in practice patterns 

andd resources used. 

Inn conclusion, costs per survivor were lowest with the shortest time to shock, mainly 

duee to less use of ICU-beds. The increase in healthcare costs resulting from increased 

survivall  by shortening the delay to defibrillation is low by the standards of health 

economics.. Shortening of time to shock is economically attractive from the perspecti-

vee of health care economics. 
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ABSTRACT T 

Background d 

Evidencee suggests that biphasic waveforms are more effective than monophasic wave-
formss for defibrillation in out-of-hospital cardiac arrest (OHCA), yet their performance 
hass only been compared in an un-blinded fashion. 

Methodss and Results 

Wee compared the success of biphasic truncated exponential (BTE) and monophasic 

dampedd sine (MDS) shocks for defibrillation in OHCA in a prospective, randomised, 

doublee blind clinical trial. 

FirstFirst responders were randomly equipped with MDS and BTE automated external 

defibrillatorss (AEDs). Patients in ventricular fibrillation (VF) received BTE or MDS 

firstt shocks of 200 Joule (J). The ECG was continuously recorded for subsequent ana-

lysis.. The success of first shock as primary endpoint was removal of VF and required 

returnn of an organized rhythm of at least two QRS complexes, with an interval of < 5 

seconds,, within 1 minute after the first shock. Secondary endpoint was termination of 

666 VF at 5 seconds. 

VFF was the initial recorded rhythm in 120 patients in OHCA, 51 patients received 

BTEE and 69 received MDS shocks. The success rate of 200 J first shocks was signifi-

cantlyy higher for BTE than for MDS shocks, 35/51 (69%) and 31/69 (45%), p=0.01. 

Inn a logistic regression model the odds ratio of success for a BTE shock was 4.01 

(95%% CI 1.01-10.0), adjusted for baseline cardiopulmonary resuscitation, VF-amplitu-

dee and time between collapse and first shock. No difference was found with respect to 

thee secondary endpoint, termination of VF at 5 seconds (RR 1.07 95%CI: 0.99-1.11) 

andd with respect to survival to hospital discharge (RR 0.73 95%CI: 0.31-1.70). 

Conclusion n 

BTE-waveformm AEDs provide significantly higher rates of successful defibrillation 
withh return of organized rhythm in OHCA than MDS waveform AEDs. 



INTRODUCTIO N N 

Thee biphasic waveform is considered to be superior to the monophasic waveform in 

efficacyy and safety in termination of ventricular fibrillation (VF). Evidence for this 

superiorityy is derived from animal studies and from human studies in the electrophy-

siologyy laboratory [1-6]. Studies in the electrophysiology laboratory demonstrated 

thatt biphasic shocks had higher efficacy than monophasic shocks of the same energy 

orr that biphasic shocks with lower energy defibrillated as well as monophasic shocks 

andd with less ECG abnormalities. In animal laboratory studies, the depression of 

myocardiall  function was less after biphasic waveform defibrillation than after monop-

hasicc waveform defibrillation. In out-of hospital cardiac arrest (OHCA), duration of 

VFF is considerably longer than in the electrophysiology laboratory and VF is mostly 

associatedd with acute ischaemia, leading to a higher defibrillation threshold [7,8]. 

Clinicall  studies comparing biphasic and monophasic waveforms in OHCA are limited 

too one open, randomised and not blinded trial in which a group treated with two dif-

ferentt types of monophasic waveforms was compared with a group treated with bipha-

sicc shocks at a different energy setting [9]. This study found a higher defibrillation 

successs rate in the group shocked with the low energy biphasic waveform than in the 

mixed-waveform,, higher energy monophasic group. Low energy BTE waveform defi- 67 

brillationn is now considered a Class Ha recommendation [10], but it is not clear 

whetherr the benefit of biphasic waveforms is attributable to the waveform, to the 

lowerr energy delivery or both. We performed a study of defibrillation in out-of-hospi-

tall  cardiac arrest, comparing biphasic truncated exponential (BTE) waveform shocks 

withh monophasic damped sine waveform (MDS) shocks in a blinded and randomised 

fashionn in which the energy of the first shock was kept identical at 200 J and the out-

comee included the return of an organized rhythm. 

MATERIA LL  AND METHOD S 

Patients s 
Thiss study included all patients in the study area between January 2000 and June 

2002,, in witnessed and un-witnessed cardiac arrest with VF as initial recorded 

rhythm,, and who received the first shock from an automated external defibrillator 

(AED)) by non-medical first responders. Excluded were patients with a traumatic car-

diacc arrest and patients in cardiac arrest below the age of 18 years. 
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Firstt  responders and EMS organizations 
Whenn a cardiac arrest was suspected, the EMS dispatcher sent out two ambulances, 

immediatelyy followed by a police patrol or fire engine, in half of the cases equipped 

withh an AED. Before participating in this study the first responders never responded 

too medical emergencies, but were trained in CPR. They were trained in the use of the 

AEDD in a three and a half hour training session in a team of two persons and with a 

4:11 trainee: trainer ratio. Every 6 months retraining took place. The trained compres-

sion/ventilationn ratio was 15:2 and the first responders were instructed to count the 

chestt compressions loudly. CPR was given during preparation of the AED and as 

guidedd by the voice prompts. All ambulances were manned with a nurse/paramedic 

andd a driver who were qualified to perform advanced cardiopulmonary life support 

(ACLS),, according to a protocol comparable with the AHA/ ILCOR guidelines for 

ACLSS [11]. When the first responders with an AED reached the scene of the cardiac 

arrestt first, they applied the AED and delivered one or more shocks as advised by the 

AED.. After the EMS arrived at the scene they took over the resuscitation, connected 

thee electrodes to their own (biphasic or monophasic) device and used it if further 

shockss were necessary, using similar shock sequence as the AED (200 J, 200 J and 

3600 J, as needed for defibrillation). 

Studyy area 
Thee study area consisted of the city of Amsterdam and a large surrounding area. The 

firefire brigade served as first responders in the city of Amsterdam and the police served 

ass first responders in the surrounding regions. 

Randomisationn and blindin g 
Duringg the study period 40 MDS and 40 BTE AEDs were randomly assigned to poli-

cee cars and fire engines. Every four months these AEDs were randomly relocated. The 

MDSS and BTE AEDs were of identical shape, size and design and all labelling refer-

ringg to the waveform were removed, ensuring true blinding to the waveform. After 

thee resuscitation, the stored ECG was downloaded and reviewed with data manage-

mentt software (Code Stat Suite 4.0, Medtronic Physio-Control, Redmond, WA, 

USA)) in which the waveform marker was removed to ensure blind rhythm analysis. 

Automatedd external defibrillator s 
Al ll  AEDs were LIFEPAK 500, two-button version (Medtronic Physio-Control, 

Redmond,, WA, USA). The MDS waveform was generated with a 34 \i¥ capacitor, a 

300 mH inductor and an internal resistance of 11 Ohms. The BTE waveform was gene-



ratedd with a 200 uF capacitor and an internal resistance of 5 Ohms; both its duration 

andd voltage amplitude were adjusted to compensate for patient impedance. Over an 

impedancee range from 50 to 150 Ohms, first phase duration ranged from 7.2 to 10.9 

msec,, second phase duration ranged from 4.8 to 7.3 msec, and voltage for 200 J 

shockss ranged from 1450 to 1690 Volts. By design, the peak current of the 200 J 

biphasicc waveform was substantially lower than that of the 200 J monophasic wave-

form.. The shock protocol for both waveforms was 200 J, 200 J and 360 J for each 

shockk thereafter as needed for defibrillation. For recurrence of VF after an analysis 

indicatedd a non-shockable ECG rhythm, the AED repeated the energy level of the pre-

cedingg shock. 

Dataa collection 
Whenn the dispatch centre suspected a cardiac arrest one of the study data collectors (a 
teamm of trained fifth year medical students, working in shifts, covering 24h/day) was 
alarmedd and would travel to the scene and collected the data on the cardiac arrest. 
Theyy directly interviewed all persons involved, immediately after the resuscitation 
attempt,, to obtain data on the moment of the collapse, the witnesses, bystander CPR, 
thee sequence of events, the return of spontaneous circulation (ROSC) and admission 
too the hospital. The ECG and voice recordings from the AED were downloaded to a 
laptopp at the scene and the ECG from the manual defibrillators was printed out. Time 
off  call and arrival at the scene of first responders and EMS was obtained from the 
computerr of the dispatch centre. Deviations of defibrillator clocks and clocks in the 
dispatchh centre were corrected on the spot by comparison with radio-controlled wrist-
watches.. Date of death or discharge was obtained from hospital records. 

Endpoints s 
Thee first responders delivered at least one shock and, dependent on the moment of 

arrivall  of the EMS, a variable number of subsequent shocks for persistent or recurrent 

VF.. The primary endpoint of this study, shock success of the first shock, was defi-

nedd a priori as the termination of VF into an organized rhythm within one minute 

afterr shock delivery. Organized rhythm was defined as at least two QRS-complexes of 

similarr morphology, with a maximum distance of each other of 5 seconds, within the 

firstfirst minute after the first shock. Secondary endpoint was the termination of VF at 5 

secondss after the first shock.ECG classification and definitions. Two experienced phy-

sicianss performed a blinded analysis of the rhythm and shock success independently 

byy reviewing the computer-stored recordings of ECG. Consensus was sought for cases 

inn which the rhythm interpretation by the two experts differed. Rhythms were catego-
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rizedd as VF (a disorganized rhythm, with a median amplitude of >100uV), asystole 

(<100uV)) or organised rhythm (one or more QRS complexes). Amplitude of VF was 

measuredd 6 seconds before the first shock using the average peak amplitude method 

accordingg to Cummins [12]. The rhythm of the ECG was classified at 5, 20 and 60 

secondss after the first shock. When VF persisted or recurred within 60 seconds after 

thee first shock all classification after the VF persistence or recurrence were classified 

ass VF, irrespective of the delivery and results of consecutive shocks, We assumed that 

VFF could not have spontaneously resolved into an organized rhythm or to asystole 

withinn the maximum analysis time of one minute and our primary endpoint included 

thee success of the first shock only. The ECG and sound recordings of the AED were 

usedd to determine the moment when CPR was resumed by the first responders. 

Returnn of spontaneous circulation was defined as the return of a palpable pulse for at 

leastt 15 seconds. 

Ethics s 

Medicall  ethics committees from each participating hospital and EMS approved the 

studyy and considered the study exempt for informed consent prior to treatment. 

Medicall  authorization was obtained from patients or family members post resuscita-

tion,, and all consented to provide access to their medical records. 

Statisticall  Analysis 
AA group sequential design was used to terminate the study, using the alpha spending 

approachh of Lan and DeMets [13] with a shape parameter of 0.3 [14]. Boundaries 

weree set for a maximum of four analyses, one after each series of 30 patients, and 

withh interim stopping only to reject the null hypothesis of no difference. The power 

off  the study was 0.8 after analysis of 120 patients.. The probability of shock success 

off  the MDS waveform was assumed to be 35% and of the BTE waveform to be 62%. 

Nominall  P-values in the interim analyses were calculated from the two-sided Fisher's 

exactt test. 

AA logistic regression analysis included as covariates: basic CPR performed, VF-

amplitude,, time between collapse and first shock and waveform. The dependent varia-

blee was shock success. 

Differencess in proportion were expressed as relative risks with 95%» confidence inter-

vals.. Time intervals are expressed in medians and 25%-75% percentiles. P-values for 

proportionss were calculated with the Chi-square statistics, and the Students-t test or 

Mann-Whitneyy U test was used for continuous variables. These analyses were perfor-

medd in SPSS 10.0 for the Apple Macintosh. 



RESULTS S 

Enrolment t 
Thee study was carried out as planned with three interim analyses for efficacy after a 
totall  of 30, 60 and 90 patients. As the boundaries were not crossed at these interim 
analyses,, the study was closed after the inclusion of the preplanned maximum of 120 
patients. . 
Inn the 29 months of data collection, the AED was attached to 217 patients in a car-
diacc arrest. Of these patients 123/217 (57%) had a shockable initial rhythm (all VF). 
Thee AED recognized this rhythm and delivered a shock in 120/123 patients (sensiti-
vityy of the AED 98%). In one patient the AED did not recognize the initial non-shoc-
kablee rhythm (bradycardia) and delivered a shock (specificity of the AED 99%). 
Sixty-ninee out of 120 patients in VF were shocked with a MDS waveform AED and 
51/1200 with a BTE waveform AED. The baseline characteristics of these two groups 
aree comparable as shown in table 1. The time from collapse to first shock and from 
calll  to first shock tended to be longer in the BTE group than in the MDS group, 
p=0.088 and p=0.051, respectively. 

Outcome e 
Thee outcomes of the primary and secondary endpoint as well as patient outcomes are 
shownn in table 2. The success rate, defibrillation with return of an organized rhythm, 
off  the first shock of 200 J was 1.5 times higher for BTE (35/51, 69%) than for MDS 
shockss (31/69, 45%), RR 1.53 (95% CI 1.11-2.10). 

ROSCC after a single AED shock occurred in 11/69 (16%) patients in the MDS group 
andd 13/51 (25%) patients in the BTE group (p=0.19). In 2/69 (3%) patients in the 
MDSS group and 3/51 (6%) patients in the BTE group no ALS was needed to achieve 
ROSCC (p=0.4). The mean time from first shock to resumption of CPR by the first 
responderr was 39 seconds (range: 20-164 seconds) in the MDS group and 40 seconds 
(range:: 20-131 seconds) in the BTE group. CPR was not resumed within 20 seconds 
afterr the first shock in any of the patients because this time was needed for rhythm 
analysiss by the AED, the voice-prompts directing to check for signs of circulation 
andd for initiation of CPR. The rates of overall ROSC, admission to the hospital, and 
dischargee from hospital were not significantly different between patients in the MDS 
andd BTE groups. 

Figuree 1 shows the rhythm distribution in the first minute after the first shock. During 
thatt minute, a higher percentage of patients treated with a single BTE shock were in an 
organizedd rhythm; by the end of the minute, 41% treated with a single BTE shock 
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Tablee 1. Baseline data for  patients in cardiac arrest presenting with ventricular  fibrillation 
treatedd with a monophasic or  biphasic defibrillato r 

72 2 

Variable e 

Patients s 

Age,, year, D (range) 

Gender,, n (%) 

Weight,, kg, D 

Witnessedd cardiac arrest, n (%) 

Bystanderr CPR, n (%) 

Collapsee to first shock, minutes, mediann (range)* 

Calll  to first shock, minutes, median (range)t 

VF-amplitudee before first shock, uV, mean D 

Timee from first shock to take over 

mediann (range) 

off  EMS, seconds, 

Totall  amount of AED shocks, median (range) 

Totall  amount of EMS shocks, median (range) 

EMSS shock of other waveform, nn (%)| 

Monophasicc Damped 

Sinee waveform 

69 9 

33 (31-81) 

55(80)) male; 14(20) female 

1 1 

666 (96) 

399 (57) 

9(2-19) ) 

8(2-15) ) 

5700 1 

180(12-771) ) 

11 (1-6) 

5(0-18) ) 

7(10) ) 

Biphasicc Truncated 

Exponentiall  waveform 

51 1 

11 (45-93) 

41(80)) male; 10(20) fem 

9 9 

499 (96) 

26(51) ) 

111 (2-21) 

8(3-15) ) 

5699 3 

150(18-568) ) 

11 (1-3) 

33 (0-28) 

288 (55) 

**  This time interval was only known for the patients with a witnessed cardiac arrest, 
tt In two patients in the MDS group the first responders witnessed or encountered the cardiac arrest wit-
houtt a cardiac arrest dispatch and delivered the first shock prior to the call to the EMS dispatch center. 
%% The number of patients who received consecutive shock(s) by the EMS of an other type of waveform 
thann the AED shock(s). 

weree in an organized rhythm compared with only 20 percent of those receiving a sing-
lee MDS shock (p=0.01). This higher percentage of organized rhythm in the BTE 
groupp is accompanied by a relative absence of asystole in that group. The rate of VF 
recurrencee in the first minute after the first shock was 29/63 (46%) in the MDS group 
andd 21/50 (42%) in the BTE group. 



Tablee 2. Endpoints and patient outcome 

Shockk success*, n (%) 

Terminationn of VF at 5 seconds 

afterr first shock, n (%) 

Returnn of spontaneous circula-

tion,, n (%)t 

Admissionn to hospital, n (%)t 

Dischargee from the hospital, n(%)t 

Monophasicc Damped 

Sinee waveform n=69 

311 (45%) 

633 (91%) 

455 (65%) 

333 (48%) 

133 (19%) 

Biphasicc Truncated 

Exponentiall  wave-

formm n=51 

355 (69%) 

500 (98%) 

311 (61%) 

200 (40%) 

77 (14%) 

P-value e 

0.01 1 

0.12 2 

0.62 2 

0.35 5 

0.46 6 

RRR (95%CI) 

BTE/MDS S 

1.53(1.11-2.10) ) 

1.07(0.99-1.14) ) 

0.93(0.70-1.23) ) 

0.82(0.54-1.25) ) 

0.73(0.31-1.70) ) 

T hee primary study endpoint, shock success was defined as the termination of VF after the first shock 
andd the return of an organized rhythm within the first minute after the shock, with at least two QRS-com-
plexess < 5 seconds apart. 
tt For these outcomes, many patients have received different defibrillation waveform therapy from the 
EMSS than they did from the first responder AED. 

MDSS waveform , n=69 
100 0 

BTEE waveform , n=51 

organizedd rhythm 

asystole e 

Figuree 1. Rhythm in the first minute 
afterr the first shock. 
Analysess were done at 5, 20 and 60 
secondss after the first shock. The 
biphasicc truncated exponential group 
showss a higher percentage of orga-
nizedd rhythm at all time points, with 
especiallyy reduced prevalence of 
asystole.. No difference between the 
twoo groups on rate of vf recurrence 
iss demonstrated. Analysis before 5 
secondss was not possible because of 
shockk artifacts and unstable ECG 
baseline. . 

73 3 

•• organized rhythm 

GG asystole 

DD VF 
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Tablee 3. Logistic regression analysis of first  shock success (n=120). 

Parameter r Estimate e 

Interceptt -0.46 

Bystanderr CPR* 0.76 

VFF amplitude (perl 00 uV) 0.17 

Timee to first shock (per minute) -0.12 

BTEE waveform 1.41 

ORR (95% CI) 

2.13(0.93-4.87) ) 

1.18(0.08-1.42) ) 

0.88(0.78-1.00) ) 

4.011 (1.67-10.0) 

P-vah h 

0.72 2 

0.07 7 

0.08 8 

0.05 5 

0.002 2 

74 4 

Thee shock success was defined as in table 2. 
*CPRR denotes cardiopulmonary resuscitation 

Controll  of potential confounding 
Thee results from the logistic regression analysis are shown in table 3. The odds ratio of 
shockk success for BTE versus MDS waveform shocks was 4.0 after adjustment for a 
bystanderr giving CPR, VF amplitude and time to first shock. 

DISCUSSION N 

Thiss study provides the first blinded and randomised comparison of biphasic and 
monophasicc waveforms for defibrillation in out-of-hospital cardiac arrest, and the first 
randomisedd study in that setting to compare biphasic to monophasic damped sine 
shocks.. The most important and novel finding of this study is that, although both 
waveformss were highly effective at terminating VF, the BTE waveform shocks provi-
dedd a significantly higher rate of return of an organized rhythm after the first shock in 
OHCAA than MDS waveform shocks of the same energy. 

Inn contrast to the only other randomised study that compared biphasic and monopha-
sicc shocks in OHCA, this study found that both the biphasic and the monophasic 
shockss were highly effective at terminating VF for 5 seconds. The randomised study 
byy Schneider et al. found that monophasic shocks provided a lower rate of termina-
tionn of VF at 5 seconds than biphasic shocks (59% vs. 96%, pO.0001), yet we found 
noo significant difference (91% vs. 98%, p=0.12). The waveforms we studied are diffe-
rentt than those compared by Schneider et al. Eighty percent of the Schneider monopha-
sicc group were treated with monophasic truncated exponential (MTE) rather than MDS 



shocks.. There is mounting evidence that those shocks have lower defibrillation effica-
cyy than MDS shocks [15,16], which may explain the earlier findings that the monop-
hasicc shocks provided inferior rates of defibrillation (termination of VF for 5 seconds) 
andd ROSC. The biphasic waveforms in the two studies also differ; both are BTE 
waveforms,, but the waveform we studied exposes patients to less peak-current at 200 
JJ than the 150 J biphasic shocks studied by Schneider et al [17]. 
Inn the results of the present study, although there is a trend toward a higher rate of 5-
secondd termination of VF in the biphasic group, the more striking difference is in the 
proportionn of patients returning to an organized rhythm within one minute. It has 
beenn shown experimentally that there is a shorter interval of standstill after biphasic 
shockss than after monophasic shocks of the same amplitude [18,19]. Similarly, it has 
beenn shown that shocks of higher amplitude cause longer periods of standstill. Our 
resultss suggest that, in OHCA as well, relatively low current BTE waveform shocks 
mayy allow the myocardial cells to come more rapidly to pulse formation and/or con-
ductionn than higher current MDS shocks. 

Theree is no uniform definition of shock success although removal of VF into any 
otherr rhythm is advocated [20]. The AHA/ ILCOR guidelines propose as a definition 
off  successful defibrillation the absence of VF at 5 seconds after shock delivery [10], 
ann endpoint, which is not influenced by other subsequent interventions, such as chest 7 5 

compressionn and ventilation. If one theorizes that all of the effect of a defibrillation 
shockk is evident within that short time interval, then this definition is adequate and 
convenientlyy insensitive to other interventions. On the other hand, if defibrillation 
shockss continue to affect the physiologic response for longer than 5 seconds, different 
typess of shocks with similar 5-second success rates could have different effects on 
outcomee [18,19], This is demonstrated to be the case in the results of the present 
study,, where both waveforms provided similar high rates of success at 5 seconds, yet 
onee waveform was markedly better at promoting or allowing return of an organized 
rhythmm shortly thereafter. The 5-second endpoint classifies a shock resulting in asy-
stolee as positively as a shock resulting in an organized rhythm, and therefore the 5-
secondd endpoint fails to acknowledge that the return of an organised rhythm is a pre-
requisitee for successful resuscitation. We believe therefore, that inclusion of the 
returnn of an organized rhythm in the definition of our endpoint is clinically relevant. 
Ourr study had blinded and randomised allocation of AEDs. Therefore, it is unlikely 
thatt other factors, which could influence myocardial condition, have influenced the 
observedd higher rate of return of organized rhythm. In addition, the time interval from 
thee first shock to the resumption of CPR was equal for the two groups, thus re-initia-
tionn of CPR after shock delivery could not have influenced our study endpoint. 
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Moreover,, logistic regression analysis allowed the estimation of the independent effect 

off  the waveform, controlling the potential confounding of the covariates. 

Thee comparison of monophasic and biphasic waveforms is complicated by the use of 

differentt energy settings and different monophasic and biphasic waveforms. Other stu-

diess of the effect of waveforms in OHCA employed a fixed energy of 150 J for the 

biphasicc waveform and escalating energy, starting at 200 J, for the monophasic wave-

formss [9,21]. Our study was designed to investigate the potential benefit of the BTE 

waveform,, keeping all other factors identical, including the energy of 200 J for the 

firstt shock. 

Limitation s s 
Althoughh randomisation was done on an AED level, the large number of AEDs (80) 

relativee to the number of patients (120) and the frequent re-allocation of AEDs virtu-

allyy resulted in a patient-level randomisation. Combined with the blinded allocation, 

itt is unlikely that other factors, which could influence myocardial condition, have inf-

luencedd the observed higher rate of return of organized rhythm. Moreover, logistic 

regressionn provided no evidence that the effect of waveform on the success probability 

wass confounded upwardly by other variables. 

766 This study was powered to show differences in defibrillation success only and not in 

patientt outcome, which indeed could not be demonstrated. After the first shock the 

treatmentt allocation was mixed because the electrodes were connected to different defi-

brillatorss after the arrival of the EMS at the scene. If additional shocks were needed 

too defibrillate persistent or recurrent VF, they were delivered by the EMS with a 

MDSS or BTE manual defibrillator. Meaningful outcome analysis could therefore only 

bee confined to the success of the first shock; reported outcomes of the two groups 

beyondd this endpoint reflect mixed monophasic and biphasic therapy. 

Conclusions s 
Thiss blinded and randomised study in out-of-hospital cardiac arrest demonstrated that 

thee biphasic truncated exponential waveform with impedance compensation is superi-

orr to the monophasic damped sine waveform in its ability to defibrillate and yield 

returnn of an organized rhythm. Further research is needed, using similar methodolo-

gies,, to define optimal energy sequences for biphasic defibrillation in out-of-hospital 

cardiacc arrest. 
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ABSTRACT T 

Objective e 
Thee protocol for the use of the automated external defibrillator (AED) calls for a 

periodd of "hands-off' time, during which no CPR can be performed. We assessed the 

actuall  interruption time of CPR during the use of the AED in patients in out-of-hos-

pitall  cardiac arrest (OHCA). 

Methods s 
Thiss study included 184 patients experiencing OHCA in which an AED was applied 

byy first responders. ECG and voice recordings from the AED were downloaded and 

analyzed.. Time points concerning the start and end times of CPR were annotated, and 

intervalss measured from the recordings concerning the programmed interruption time 

andd the interruption time related to performance. 

Results s 
Thee AEDs were connected for a median time of 4 minutes and 47 seconds (range: 31-

14044 seconds). CPR was performed during % (mean ) of the connected 

timee or until return of spontaneous circulation (ROSC). During the AED connection 

timee in the 96 patients with a shockable rhythm, CPR was performed in % 

off  the time. Programmed interruption of CPR took % of the AED connection 

timee and no CPR was performed related to performance during % of the 

time.. A palpable pulse was never present immediately after a shock and ROSC was 

observedd in 3 of 184 patients before arrival of the ambulance. Ultimately ROSC 

occurredd in 87 of 184 patients. 

Conclusion n 
Firstt responders, following AED voice prompts, provide CPR during less than half 

thee time that the AED is connected to the patient. Technical improvements in AED 

rhythmm analysis, more efficient resuscitation algorithms, and first responder education 

couldd increase CPR delivery and, perhaps, improve outcome. 



INTRODUCTIO N N 

Improvementt in survival of patients suffering out-of-hospital cardiac arrest (OHCA) is 
possiblee in some settings by the use of the automated external defibrillator (AED) by 
firstt responders. This benefit is greatest in patients in ventricular fibrillation (VF) 
whoo receive their first shock within 5 minutes after the call [1-4]. The importance of 
rapidd delivery of the first shock for patients in VF is well known [5,6], as is the 
importancee of early CPR [7,8,9]. Animal models have demonstrated that interruption 
off  chest compression and ventilation prior to shock delivery compromises survival 
[10,11].. Research in pigs has shown that interruption of precordial compression for 
rhythmm analysis that exceed 15 seconds before each shock delivery compromises the 
outcomee of the resuscitation and increases the severity of post-resuscitation myocar-
diall  dysfunction. An investigation in rats demonstrated that, when CPR was interrup-
tedd for 40 seconds prior to shock delivery, no animal could be resuscitated successfully. 
Protocolss for AED use call for "hands-off' time, during which no CPR can be perfor-
med.. They also call for rescuers to check for a pulse or signs of circulation during the 
resuscitationn attempts. The duration of these interruptions in the various phases of the 
CPR-AEDD procedure has not yet been reported. This study assessed the actual inter-
ruptionn time of CPR during the use of AEDs in patients suffering OHCA when 
resuscitatedd by first responders. 

METHOD S S 

Studyy design 
Thiss was a prospective, observational study initiated to describe CPR interruption 

duringg the use of AEDs by first responders. Between January 2000 and April 2002, 

wee included all victims of OHCA in Amsterdam and its vicinity for which first 

responderss applied an AED. 

Firstt  Responders 
Policee and fire brigades served as first responders with an AED in the city of 

Amsterdamm and a large surrounding area. Before participating in this AED program, 

policee and fire personnel were trained in basic life support but never responded to 

medicall  emergencies. The first responders were trained in the use of the AED in a 

threee and a half hour training session in a team of two persons and with a 4:1 trainee: 

trainerr ratio. Personnel were retrained every 6 months. They were instructed to count 

thee chest compressions loudly and to perform CPR during the preparation of the 
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AED,, the attachment of the electrodes, and as guided by the voice prompts. After 

arrivall  at the scene the ambulance staff took over the resuscitation and connected the 

electrodess to their own device, which they then used to deliver subsequent shocks. 

Al ll  ambulances were manned with a nurse/paramedic and a driver. This team was 

qualifiedd to perform advanced cardiopulmonary life support (ACLS), according to 

protocolss comparable to the AHA guidelines for ACLS [12]. 

Dataa collection 
Dataa collection included the presence of bystander CPR, the sequence of events, and 

thee return of spontaneous circulation (ROSC) by directly interviewing all persons 

involved.. ECG and sound recordings from the AED were downloaded to a laptop on 

thee scene using data management software (Code Stat Suite 4.0, Medtronic Physio-

Control,, Redmond, WA, USA). Deviations of AED clocks and clocks in the dispatch 

centerr were corrected on the spot by comparison with radio-controlled wristwatches. 

Firstt responders were subjected to a structured interview by a trained researcher imme-

diatelyy after resuscitation to identify issues encountered while performing CPR and 

usingg the AED. 

ECCC and sound recording 
Thee computer-stored continuous recordings of the ECG and sound were analyzed by a 

trainedd medical student and a physician experienced in ECG and AED analysis. 

Consensuss was sought if the interpretation between the two was not identical. The 

initiall  rhythm was classified as shockable (VF or VT>150 beats/minute) or non-shoc-

kablee (electrical mechanical dissociation (EMD) or asystole). Predefined time points 

weree annotated in the recordings. Figure 1 shows a schematic presentation of a recor-

dingg of the AED with annotations. Annotations included: the "power on" and "power 

off'' of the AED, the start and end time of the programmed "hands-off periods 

(rhythmm analysis, charging, defibrillation and patient assessment as guided by voice 

prompts),, the start and end time of each period of CPR and the start and end of 

periodss when the AED detected motion. The level of certainty for CPR start and end 

timess were determined by the two researchers and classified from "absolutely certain" 

too "uncertain". These determinations were based on the visibility of cardiac compres-

sionss on the ECG and audibility of the performance of CPR on the sound recordings. 

Fromm these annotations the total programmed "hands-off' interval was calculated and 

thee periods of CPR and no-CPR were identified. The intervals of no CPR related to 

thee performance of the first responders were classified in three categories (Figure 1). 

Thee first (period A): was no performance of CPR while the electrodes were attached. 



Thiss was defined as the period of interruption of CPR between turning on the AED 
andd the first rhythm analysis. The second (period B) was the sum of the intervals of 
delayy in performing CPR following the voice prompt "start CPR". The third category 
(periodd C) was the sum of the other intervals during which the first responders did 
nott perform CPR, without being prompted to stop by the AED. The AED recordings 
weree analyzed up to the arrival of EMS personnel or until ROSC occurred. For the 
purposee of this study, ROSC was defined as the return of a palpable pulse for more 
thann 15 seconds. The performance of CPR before the electrodes were attached (period 
A)) was based on sound recordings only. Thus, this interval was often determined 
withh less certainty than were periods B and C. 

Time e 
(seconds) ) 

26 6 

Annotationss and voice prompts 
Periodss calculated 
fromm the annotations 

Arrivall at the patients side 
Power-onn AED 

Electrodess applied 
Prompt:: "ciear patient, analyzing now". 
Analysiss 1 

Prompt:: "shock advised, charging" 
Charging g 
Prompt:: "push to shock" 
Shockk delivery 
Prompt:: Xlear patient, analyzing now" 
Analysiss 2 

Prompt:"noo shock advised, check pulse 

Prompt:: "if no pulse start CPR" 

Actuall start CPR 

Prompt:: "clear patient, analyzing now' 
Analysiss 3 

Prompt:"noo shock advised, check pulse"! 

—— Prompt:'if no pulse start CPR" -\ 

—— Actual start CPR 

"Hands-off f 
penodd 1 

CPRR penod 1 

"Hands-off f 
periodd 2 

1 1 CPRR period 2 

Endd CPR 

—— Start CPR I I CPRR penod 3 
Prompt:: "clear patient, analyzing now" J 
Analysiss 3 J_ -Hands-off" 

penodd 3 
-- Arrival and take over EMS 

Powerr off 

Figuree 1. 
Schematicc representation of AED 
recordingg and annotations of a typi-
call  one-shock resuscitation. 
Thee voice prompts of the AED are 
shown,, the time intervals between 
thee voice prompts, our annotations, 
andd the intervals we calculated 
fromm the annotations. 
A:: Period of no CPR while applying 
thee electrodes. 

B:: Periods of no CPR following the 
voicee prompt "start CPR". 
C:: Other periods of no CPR. 
"Hands-off'' period denotes inter-
valss during which no CPR can be 
performed,, due to programmed 
ECOO analysis, charging or voice 
prompts. prompts. 

Duringg the course of a resuscitation 
effort,, the total interval of no CPR is 
thee sum of periods A, B and C. 
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Studyy AEDs and the comparison between AEDs 
Alll  clinical recordings were made with LIFEPAK 500 AEDs (Medtronic Physio-

Control,, Redmond, WA). The interval between the subsequent rhythm analyses of the 

AEDD was programmed to be 60 seconds after one or more shocks and 180 seconds 

whenn the initial analysis indicated a non-shockable rhythm or when, in a subsequent 

analysis,, no shock was advised. 

Too help evaluate whether our findings were specific to the design and performance of 

onee brand of AED, we compared the duration of the voice-prompts, analysis, charge 

andd shock times of three widely available AEDs: Medtronic Physio-Control LIFE-

PAKK 500, Philips Medical Systems Heartstart FR2 (Philips Medical Systems, 

Andover,, MA) and the Cardiac Science Inc. Survivalink (Cardiac Science, Inc.,Irvine, 

CA)) in a laboratory setting. We applied these AEDs to a rhythm simulator and the 

voice-promptss of the three different AEDs were digitally recorded and various time 

intervalss were measured. These detailed analyses were performed with the Dutch lan-

guagee version of the voice prompts. Comparison with the English version of the 

voicee prompts showed that differences in time intervals were negligible. The AEDs 

usedd the prompt "check pulse" instead of the more optimal "check for signs of circu-

lation",, consistent with the guidelines during the study period. The shock energy 

sequencee for the LIFEPAK 500 was 200, 200 and 360 Joules; for the Survivalink 

150,, 150 and 200 Joules and for the Heartstart FR2 all shocks were 150 Joules. 

Statisticall  methods 
Ourr analysis was descriptive. Times and percentages were calculated for each patient 

separately.. We reported the time intervals as median and the 25%-75% percentile, and 

percentagess as mean  standard deviation (SD). Survival data were analyzed according 

too the Utstein Style [13]. The primary outcome of this observational study was the 

percentagee of CPR-interruption during the use of the AED. The software used for ana-

lysiss was SPSS 10.0 (SPSS, Inc., Chicago, IL) for the Apple Macintosh. 



RESULTS S 

Inclusion n 
Fromm January 2000 to March 2002, 187 recordings of AED-use were collected. Of 
these,, 184 (98%) could be analyzed. In two recordings, no sound had been recorded 
andd in one the ECG registration was not continuous for technical reasons. The base-
linee characteristics of the patients and the process characteristics are listed in table 1. 
Thee Utstein survival data are shown in figure 2. 

Tablee 1. Patient and process characteristics (n 

Characteristic c 

Age,, years, mean D (range) 

Gender,, n (%) 

Female e 

Male e 

Startt basic CPR, n (%) 

Bystanders, , 

First-responders s 

Timee intervals (in seconds, median (25% 

Collapsee to start basic CPR 

75% % 

=184) ) 

percentile) ) 

Value e 

666 5 (5-93) 

511 (28) 

128(72) ) 

733 (40) 

1111 (60) 

337(120-623) ) 

Calll  to the EMS dispatch center to arrival of the first responder 333 (240-435 

Collapsee to first shock, in seconds 604 (471-813) 

Collapsee to ACLS 840 (685-1066) 

Totall  amount of delivered AED shocks, n (%) 

Onee shock 57 (59) 

Twoo shocks,*  21 (22) 

Threee or more shocks,*  17(18) 

87 7 

**  Shocks were administered because of persistent or recurrent VF. 
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AEDD connection s 
n=226 6 

Noo resuscitation attempted 
n=15 5 

Noo circulatory arrest 
n=24 4 

Excluded,, incomplete 
->> ECG data 

n=3 3 

Cardia cc arres t 
nn = 184 

Discharge d d 
n== 16/92(17%) 

Discharge d d 
nn =0/53(0%) 

I I Witnesse dd cardia c arres t 
nn = 145/184(79%) 

4 4 
Initiall rhythm 
Shockabl e e 

n=92/145(63%) ) 

1 1 
ROSC C 

nn = 60/92 (65%) 

* * 
Admitte d d 

nn = 42/92 (46%) 

1 1 

T T 
Initiall rhythm 

Non-shockabl e e 
n== 53/145 (37%) 

t t 
ROSC C 

nn = 21/53 (40%) 

* * 
Admitte d d 

nn = 14/53 (26%) 
I I 

T T 

t t 
Nott  witnesse d cardia c arres t 

nn = 39/184 (21%) 

1 1 
Initiall rhythm 
Shockabl e e 

n=4/39(10%) ) 

1 1 
ROSC C 

nn = 0/4 (0%) 

V V 
Admitte d d 

nn = 0/4 (0%) 

1 1 

4 4 
Initiall rhythm 

Non-shockabl e e 
n== 35/39 (90%) 

1 1 
T T 

ROSC C 
nn = 6/35 (17%) 

1 1 
Admitte d d 

nn = 4/35 (10%) 

4 4 
Discharge d d 
nn = 0/4 (0%) 

Discharge d d 
nn =0/35 (0%) 

Figuree 2. 
Utstcinn survival data 
ROSCC denotes the return of spontaneous circulation 

Recordings s 
Inn 72 % of the recordings, the start and end times of the CPR periods could be deter-

minedd with a high degree of certainty. In 19% there was reasonable certainty and in 

9%% it was difficult to determine the start and end times of the CPR periods. In these 

casess an estimate was made. 
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Figuree 3. 
AEDD connection intervals. 
Thiss box plot summarizes the AED connection intervals for patients with shockable rhythm and non-shoc-
kablee rhythms. The box represents the interquartile range. The lines extend from the highest to the lowest 
values,, excluding outliers. The dark line indicates the median. 

Thee AEDs were connected for a mean time of 4 minutes and 47 seconds, ranging 
fromm 31 seconds to 23 minutes and 24 seconds. In 3 of 184 patients, CPR was stop-
pedd because of ROSC. In all others, disconnection of the electrodes ended the obser-
vation.. Figure 3 shows the time distribution of the use of the AED for patients with 
shockablee and non-shockable rhythms. Figure 4 shows the distribution of the perfor-
mancee of CPR and the programmed and performance-related interruption of CPR. 
Overall,, CPR was performed during less than half of the time. In patients with a 
shockablee rhythm, the programmed "hands-off' interval accounted for a mean of 40% 

)) of time of the total AED-use. During 23% ) of the AED use, no CPR 
occurredd due to performance of the first responden Thus, on average, CPR was 
ongoingg for only 37% of the AED interval. 

Thee median time interval between the voice prompt to start CPR and the beginning 
off  CPR was 7 seconds (25-75% percentile: 2-15 seconds) after the first analysis. The 
mediann delay after the second and third analyses was 5 seconds (25-75% percentile: 
1-122 seconds) and 4 seconds (25-75% percentile: 0-10 seconds), respectively (ns). 
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Figuree 4. 
Distributionn of CPR and no-CPR periods for patients with shockable or non-shockable initial rhythms, the 
columnss represent the mean percentage and the bars represent the standard deviation. 
Programmedd "hands-off': Period(s) of no CPR due to AED protocol. 
Performancee related no-CPR. catcgories:No CPR (A): Interval of no CPR before the electrodes were 
connected.. No CPR (B): intervals of no CPR following the voice prompts of the AED to start CPR (sum of 
BB periods in figure I.). No CPR (C): The intervals of no CPR otherwise not accounted for (sum of C 
periodss in figure 1.). 
Motion:: Intervals during which the AED could not perform analyses due to motion. 

Intervieww first responders 
Tablee 2 shows the percentage of first responders that reported a problem in using the 



AEDD or performing CPR. Most problems were encountered with the performance of 
ventilation.. In 84% of cases, the first responders rated the audibility of the voice 
promptss as "good". 

Reportedd problem Percentage of first responders reporting problems 

Audibilityy of voice prompts of the AED 16 

Checkingg for pulse 21 

Checkingg for signs of lif e 11 

Removall  of clothes 12 

Applyingg electrodes 11 

Performingg chest compression 14 

Performingg ventilation 40* 

ss stated: problems in getting air in (23%), blood/vomit (10%), other (7%). 

Comparisonn of AEDs 
Thee measured programmed "hands-off periods of the three different AEDs were com-
parable.. When only one shock was delivered the programmed "hands-off' interval was 9I 

499 to 59 seconds ("hands-off' period 1 in figure 1). When three consecutive shocks 
weree needed the summed "hands-off' interval was 86 to 88 seconds. The Heartstart 
FR22 required 8 seconds more for the post-shock assessment because of voice prompts 
off  longer duration. All other differences were negligible. 

DISCUSSION N 

Thiss study demonstrated that during real resuscitation attempts, over half the time the 
AEDD was connected, no CPR was being performed. In patients with shockable initial 
rhythm,, CPR was absent 63% of the time the AED was connected. This was due to 
bothh programmed instructions and performance of first responders. In patients with a 
non-shockablee rhythm, CPR was absent during 46% of AED connection. 

Implication s s 
Animall  and human studies have shown the importance of CPR in the maintenance of 

bloodd flow to preserve myocardial and cerebral viability [14-17]. Animal studies have 

demonstratedd that interruption of CPR has a pronounced adverse impact on the outcome 
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off  the resuscitation [10,11,18]. However, these studies mainly focused on CPR inter-

ruptionn prior to shock delivery. In OHCA successful defibrillation of VF rarely leads 

too immediate ROSC. In VF patients treated with a single shock, asystole was obser-

vedd in about 60% in the first 20 seconds post-shock, decreasing to about 16% after 

600 seconds [19]. An organized rhythm after defibrillation may not result in perfusion 

inn the first minutes after the shock. This results from global myocardial ischemia, 

acidosis,, or myocardial "depression" from defibrillation [20,21]. Continued chest 

compressionss after defibrillation remains as important to maintain critical myocardial 

andd cerebral blood flow as prior to the shock. We observed a survival rate of 17% in 

patientss with a shockable initial rhythm, it may be possible that in systems with bet-

terr survival, the issue of time without CPR may be much less of a factor because of 

thee more rapid ROSC. 

Possiblee improvement by trainin g 
Thee firefighters and police serving as first responders were trained and retrained regu-

larlyy in the use of the AED in combination with CPR. Despite this, they frequently 

delayedd and interrupted the performance of CPR during OHCA. They were taught to 

havee one helper perform CPR, while the other prepared the AED. However, in only 

15%% of the recordings could we conclude from the sound recording that they had 

startedd CPR before or during the attachment of the electrodes. When a single rescuer 

usess an AED, performing CPR during preparation of the AED is impossible. 

Afterr the delivery of one or more shocks, or when a non-shockable rhythm is present, 

thee AED directs the user to check for pulse or to check for signs of circulation. Most 

AEDss allow 10 seconds for this assessment and then summon the user to start CPR if 

necessary.. In this investigation, after the first check-pulse period, it took another 7 

secondss on average for the first responders to start or resume CPR. This delay exceeded 

155 seconds in 25% of the cases, but it diminished after consecutive pulse checks. We 

presumee that this delay occurred because of hesitation caused by the insecurity and 

inexperiencee of the first responders. This was often the case as revealed in the recorded 

deliberationn between the two rescuers. Therefore, in AED training, the importance of 

continuouss CPR should be stressed as well as the importance of quickly starting 

CPR.. Animal data make this a reasonable approach even when one lacks confidence 

thatt signs of circulation and/or a pulse are absent in the immediate post-shock period. 

Possiblee improvements of AEDs 
Onee can consider several options to shorten the programmed "hands-off' period of the 

AEDD protocol. The current available AEDs have an ECG rhythm analysis algorithm, 



whichh requires CPR to be interrupted to reduce artifact on the ECG signal. Ideally, 
thee CPR would be uninterrupted and rhythm analysis would proceed without interfe-
rencee by chest compression artifacts. Filtering techniques may make this technically 
possiblee [22]. However, such filters have not yet been implemented commercially 
availablee AEDs. The measured time intervals after the first shock until the command 
"I ff  no pulse, start CPR" are 29 to 39 seconds for the three AEDs if only one shock 
wass necessary. This time interval consists of the post-shock rhythm analysis, the 
voicee prompt directing the pulse check, the 10 seconds allowed for the pulse check 
andd the voice prompt to initiate or reinitiate CPR. 

Whenn asystole or extreme bradycardia is detected as a non-shockable rhythm or when 
afterr a successful shock a period of asystole is present, an attempt to detect a pulse or 
otherr signs of circulation is of no value. In our study, first responders never actually 
feltt a pulse immediately after a shock. This suggests that it would be better to start 
CPRR immediately after the shock, even when an organized rhythm was present. The 
clinicall  implications and potential benefits of these adjustments in analysis and proto-
coll  remain to be defined. We calculated, based on the observed mean number of pulse 
checkss before ROSC, that skipping the pulse check after successful defibrillation 
couldd result in at least 29% more time available for CPR. If proper signal filters 
couldd be implemented, ECG analysis with ongoing chest compressions could add 
anotherr 43% of CPR time in patients with VF as the initial rhythm. These two 
adaptationss combined might potentially result in a total programmed "hands-off? 

periodd of only 8% (only during charging and shock delivery). 

Limitation s s 
Thiss study has several limitations. The performance-related interruptions could reflect 

aa weakness in the training program or inexperience of the first responders and may be 

differentt in other systems. The first responders in our study were trained to check the 

carotidd pulse. In interviews of first responders, 20% reported problems in checking 

thee pulse. This could account for their hesitation in starting CPR. However, it is not 

knownn if the current recommendation to check for signs of circulation would lead to 

fasterr and more reliable assessment of the patient. 

Thee start and end times of the periods when CPR was performed were based on ECG 

andd sound recordings. We believe that the recordings could be assessed with great cer-

taintyy in 72% of cases. However, 28% of cases were not optimal in this regard. This 

couldd possibly have altered the time of CPR performance. Comparison of the data with 

andd without the least certain cases did not, however, alter the conclusion of the study. 

Inn our study only one type of AED was used. Measurement of two other AEDs 
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showedd similar or longer programmed "hands-off" intervals. We believe that testing 

moree brands of AEDs in the field would have led to comparable results. 

Inn conclusion, this study demonstrated that a large amount of time is lost for CPR 

duringg the use of the AED. It appears that this principally due to analysis time and 

voicee prompts. However, significant CPR time is also lost due to performance-related 

interruptions.. This time lost for CPR may reduce the benefits of early defibrillation 

byy AEDs. During the AED training, more time should be devoted to emphasizing the 

importancee of the immediate start and resumption of CPR. AED protocols and 

promptss should be reassessed for relevance of content and new methods of analyses 

shouldd be evaluated. New approaches to limiting the programmed "hands-off' period 

off  the AED might increase the machine's effectiveness in OHCA. 
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ABSTRACT T 

Background d 

Recurrencee of ventricular fibrillation (VF) after successful defibrillation in out-of-hos-

pitall  cardiac arrest is a frequent event. Littl e is known on factors that predispose for 

thee occurrence of VF recurrence. The effect of recurrence of VF on survival is not 

known. . 

Methods s 

Dataa of patients in out-of-hospital cardiac arrest were collected in a combined first 

responderr and paramedic program in Amsterdam, the Netherlands. Continuous recor-

dedd rhythm data of 322 patients covering the whole out-of-hospital resuscitation 

attemptt was included in the analysis. In the rhythm data recurrence of VF was annota-

ted,, the patient and process characteristics were analyzed in relation to the occurrence 

off  VF recurrence. The number of VF recurrences was related with survival. 

Resultss and conclusion 
Off  the studied patients, 79% had at least one recurrence of VF, and a median number 

off  2 times (25-75%; 1-4 times). The median time from successful first shock to VF 

recurrencee was 45 seconds (25-75%: 23-115 seconds). A significant inverse relation 

wass found between the number of VF recurrences and survival of out-of-hospital car-

diacc arrest. The recurrence of VF was independent of the underlying cardiac disorder, 

thee time to defibrillation, the defibrillation waveform and other characteristics of the 

patientt and the process. 

Anti-arrhythmicss should be considered in all patients found in VF to reduce the num-

berr of recurrences. 

INTRODUCTIO N N 

VFF recurrence after successful defibrillation in out-of-hospital cardiac arrest is a fre-

quentt event but its cause, consequence and management have not been clarified [1-3]. 

Recently,, in an observational study of out-of-hospital cardiac arrest, the occurrence 

andd frequency of VF recurrence has not been found to affect survival [2]. The effect of 

thee waveform of defibrillation on the occurrence of VF recurrence is unknown. This 

observationall  study examines the characteristics of VF recurrence in out-of-hospital 



cardiacc arrest patients, patient characteristics and process characteristics on VF recur-

rence,, and the relation between VF recurrence and survival of out-of-hospital cardiac 

arrest.. Moreover this study describes the recognition of VF recurrence by the automa-

tedd external defibrillator (AED) and the paramedics using manual defibrillators. 

MATERIA LL  AND METHOD S 

Studyy design 
Betweenn January 2000 and June 2002, data of all patients in cardiac arrest, identified 
byy the emergency medical system (EMS) dispatch center, were prospectively collected. 
Forr the purpose of this analysis, patients with VF as initial rhythm in whom resuscitation 
wass attempted were included. Excluded were patients below the age of 18 years. The 
studyy area included the city of Amsterdam and a surrounding area with both urban 
andd rural parts, including 1.6 million inhabitants and covering 885 square kilometers. 

EMS S 
Thee EMS consisted of police and fire fighter first responders, equipped with an AED 

andd ambulances equipped with a manual defibrillator and manned with a team quali-

fiedfied to perform advanced cardiopulmonary life support (ACLS). The first responders 

andd ambulances were equipped with both biphasic (biphasic truncated exponential) 

waveformm and monophasic (monophasic damped sine) waveform defibrillators (LIFE-

PAKK 500 and LIFEPAK 12 (Medtronic Physio-Control, Redmond, WA, USA), 

respectively).. When the first responders arrived first at the scene they used their AED. 

Thee AED was programmed to analyze the rhythm 60 seconds after one or more shocks 

andd 180 seconds when the initial analysis indicated a non-shockable rhythm or when in 

aa subsequent analysis no shock was advised. When the ambulance arrived, the parame-

dicss took over the resuscitation and used their own manual device. The energy protocol 

forr all defibrillators was 200 Joules, 200 Joules and 360 Joules thereafter as needed for 

defibrillation.. In the beginning of the study the first choice of anti-arrhythmic treatment 

inn persistent VF was lidocaine. During the study the new guidelines were introduced 

andd amiodarone was used. No standard protocol existed for recurrent VF. 

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

onn the circumstances of the arrest, the complaints of the patient prior to the collapse, 
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thee estimated moment of collapse, witnesses, bystander cardiopulmonary resuscita-

tion,, sequence of events, and relevant time points and time intervals, by directly 

interviewingg all persons involved. The continuous rhythm data from the AEDs and 

manuall  defibrillators were downloaded into a laptop on the scene. Deviations of 

internall  clocks were corrected by comparison with radio-controlled wristwatches. Date 

off  death or discharge was obtained from hospital records. Medical history was obtai-

nedd from the charts of the patient admitted to the ICU. 

Rhythmm and data analysis 
Thee rhythm data extended from connection of the electrodes to the arrival at the hos-

pital.. The rhythm data was analyzed independently by a researcher and a physician, 

bothh experienced in rhythm analysis. If necessary, agreement was sought. All rhythm 

analysiss was constrained to the first eight shocks. Rhythms were categorized as VF (a 

disorganizedd rhythm, with a median amplitude of >100uV), asystole (<100uV) or 

organizedd rhythm (one or more QRS complexes). Shock success was defined as the 

terminationn of VF at 5 seconds after the shock. Persistent VF was defined as VF at 5 

secondss after the shock. VF recurrence was defined as the recurrence of VF after a suc-

cessfull  shock. The rhythm before each shock, the time of each shock delivery, rhythm 

att 5 seconds after each shock, the occurrence of VF recurrence, the rhythm before VF 

recurrencee and the time of VF recurrence were annotated. 

Returnn of spontaneous circulation (ROSC) was defined as the return of palpable pulse 

forr at least 15 seconds. Patients were classified as having a history of ischaemic heart 

diseasee when their medical history included angina pectoris, myocardial infarction, 

coronaryy bypass surgery or angioplasty. Based on complaints prior to the collapse and 

thee ECG or laboratory findings during admission, patients were classified as having 

(signss of) acute ischaemia prior to the collapse. This was unknown in the patients in 

whomm the complaints prior to the collapse were unknown and who died before hospi-

tall  admission. 

Ethics s 
Medicall  ethics committees from participating hospitals and EMS approved the study. 

Authorizationn for study of patient data was obtained from patients or family members 

postt resuscitation, and all consented to provide access to their medical records. 

Statisticall  methods 
Timee intervals are expressed in medians and 25%-75% percentiles. Significance was 

testedd by calculating the Chi-square statistic for proportions and the Mann-Whitney U 



testt for continuous variables. Significance was accepted when a two-sided p-value was 
<0.055 or the confidence interval did not include unity. Trends were tested with the 
Chii  square test for trends. All statistics were performed in SPSS 10.0 for the Apple 
Macintosh. . 

RESULTS S 

Inclusion n 
Inn the study-period, 682 cardiac arrests were directly identified by the EMS dispatch 
center.. VF was the initial rhythm of 380 patients (56%). Of these, 322 patients could 
bee included in the analysis (Figure 1). The median duration of the continuously recor-
dedd rhythm data was 35 minutes (25-75%; 27-42 minutes). 

Rhythmm data 
missing g 
N=43 3 

Cardiacc arrests 
N=682 2 

Initiall rhythm 
VF F 

N=380 0 

101 1 

Completee rhythm 
data a 

N=337 7 

VFF not terminated in first 
88 shocks 

N=15 5 

VFF terminated in first 
88 shocks 
N=322 2 

Figuree 1. 
Flowchartt showing the patients in and excluded in the analysis. 
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VFF recurrence 

VFF recurrence occurred at least once in 79% of the patients. The characteristics of the 
VFF recurrence are shown in table 1. In general, the incidence of subsequent recurrence 
afterr a successful shock was 69% (810/1170). Figure 2 shows in a cumulative graph 
thee time interval from the successful first shock to VF recurrence. The patient and 
processs characteristics and outcome, stratified for VF recurrence, are shown in table 2. 
Nonee of the variables was significantly different in the group with or without VF 
recurrencee except the time to ROSC, which was of significantly longer duration in 
patientss with at least one VF recurrence. 

Thee percentage of VF recurrence was 78% after the successful first shock by first 
responderss and 75% after the successful first shock by the paramedics (ns). 

Tablee 1. Descriptive of VF recurrence 

Descriptionn of VF recurrence* n=322 2 

102 2 

Totall  amount of shocks on VF 1453 

Totall  amount of successful shocks 1170 

Totall  amount of VF recurrences 810 

Terminationn of VF with first shock 257/322 (80%) 

VFF recurrence after successful first shock 197/257 (77%) 

Patientt with a least once VF recurrence after a successful shock 254/322 (79%) 

Frequencyy of VF recurrence per patient, median (25-75%) 2 (1-4) 

Timee to VF recurrence after successful first shockt 45 (23-115) 

Timee to 2nd-8th VF recurrence after a successful shock 52(22-122) 

Rhythmm before VF recurrence 

Asystolee 94 (48%) 

Organizedd rhythm 103 (52%) 

**  All analyses concern the first 8 shocks. 
tAUU time intervals arc in seconds, median (25-75%). 
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600 120 180 240 

Timee interval from successful first shock to first VF recurrence 

300 0 

Figuree 2. 
Cumulativee graph showing the time interval from the successful first shock to the recurrence of VF, 
n=197.. The median time was 45 seconds (25-75%: 23-115). 

Waveform m 
Thee biphasic waveform defibrillator had a higher success percentage in terminating 
VFF with a single shock: 91% for the biphasic shock and 75% for the monophasic 
shock,, p=0.001. The rate of VF recurrence was 79% after a successful monophasic 
shockk and 74% after a successful biphasic shock (ns). The median time interval from 
successfull  shock to VF recurrence was 49 seconds (25-75%: 27-119 seconds) after a 
monophasicc shock and 36 seconds (25-75%: 17-77 seconds) after a biphasic shock (ns). 
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Tablee 2. Univariat e analysis of occurrence of VF recurrence after  a successful shock 
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Age,, years  SD 

Gender r 

Female e 

Male e 

Weight,, kilograms D 

Historyy of ischaemia f 

Acutee ischemia % 

Witnessedd arrest 

Bystanderr CPR 

Timee to CPR§ 

Timee to first shock§ 

Timee to ACLS§ 

ROSC C 

Shockss to ROSC, median (25-75%) 

Timee to first ROSC§ 

Admission n 

Survivall  to hospital discharge 

Noo VF recurrence* 

n=68 8 

3 3 

22%% (15) 

78%% (53) 

5 5 

65%% (24/37) 

47%% (27/58) 

91%% (62) 

59%(40) ) 

2400 (60-433) 

6588 (550-759) 

810(658-975) ) 

62%% (42) 
1(1-1) ) 

870(648-1185) ) 

54%% (37) 

24%% (16) 

>> One time VF recurrence 

n=254 4 

3 3 

17%% (43) 

83%% (211) 

5 5 

74%% (125/168) 

57%% (116/204) 

94%% (240) 

52%(131) ) 

2400 (60-540) 

6722 (546-900) 

8400 (660-1020) 

66%% (168) 

55 (2-7) 

1350(931-1881) ) 

66%(168) ) 

20%% (50) 

P-valui i 

0.6 6 

0.3 3 

0.3 3 

0.4 4 

0.3 3 

0.2 2 

0.4 4 

0.2 2 

0.9 9 

0.5 5 

0.2 2 

0.5 5 

<0.001 1 

<0.001 1 

0.5 5 

0.5 5 

**  All analyses concern first 8 shocks. 
tPatientss history was only registered of the patients admitted to a hospital. 
Jinn these patient there were signs of acute ischaemia based on complaints prior to collapse, on ECG or 
laboratoryy findings. In 60 patients there was not enough information available. 
§Timee intervals are measured from the moment of the collapse. The moment of collapse could only be 
estimatedd in patients with a witnessed cardiac arrest. Time intervals arc in seconds, median (25-75%). 
CPRR denotes cardiopulmonary resuscitation, ACLS denotes advanced cardiopulmonary life support, and 
ROSCC denotes return of spontaneous circulation. 

VFF recurrence and survival 
Figuree 3 shows the relation between the number of VF recurrences during the resusci-
tationn attempt and survival to hospital discharge. There is a trend to decreased survi-
vall  with increasing recurrence ofVF. The linear association of this trend is significant 
(p=0.005). . 



Figuree 3. 
Barr graph illustrates the fre-
quencyy of VF recurrence in 
relationn to survival to hospital 
discharge.. The linear associa-
tionn is significant (p=0.005). 
Thee numbers in the base of the 
barss represent the number of 
patientss included in the group. 
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Figuree 4. 
Cumulativee graph showing the time interval in seconds from first VF recurrence to the subsequent shock 
fromm the AED operated by first rcsponders and the manual defibrillator operated by the paramedics. The 
paramedicss rapidly shocked over 60% of the patients with VF recurrence within one minute, but after 3 
minutess they only had shocked 85% of the patients. In contrast, the AED only shocked 30% of the recur-
rencess in 1 minute but after 4 minutes all patient with VF recurrence were shocked. 
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Recognitionn of VF recurrence 
Timee to delivery of the second shock for recurred VF is shown in figure 4. This 

cumulativee curve shows that the median time from recurrence to next shock when 

usingg an AED is median 75 seconds (25-75%: 58-87 seconds). When a manual defi-

brillator,, operated by the paramedics was used the time from VF recurrence to conse-

cutivee shock was median 43 seconds (25-75%: 22-110 seconds). 

DISCUSSION N 

Timee to first defibrillation has been established as the most critical intervention for 
survivall  of cardiac arrest [4,5]. Survival also depends on many other patient and 
processs characteristics and on the further treatment. This study found the number of 
VFF recurrences to be another factor determining survival of out-of-hospital cardiac 
arrest.. In this study the recurrence of VF was independent of the underlying cardiac 
disorder,, the time to defibrillation, the defibrillation waveform and other characteris-
ticss of the patient and the process. 
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Occurrencee of VF recurrence 
Itt is important to make a distinction between persistent VF and VF recurrence, since 

thee mechanisms of failure to defibrillate and vf recurrence are considered to be differ-

entt [1,6,7]. This distinction is not simply made during resuscitation but may be 

relevantt for administration and understanding the mechanism of action of anti-

arrhythmicss such as amiodarone indicated for shock refractory VF [8,9]. We defined 

persistentt VF as VF present at 5 seconds after the shock and a successful shock as 

terminationn of VF at 5 seconds. This definition of shock success is recommended by 

otherss [1,10], and can be judged with confidence when baseline drift and artefacts 

afterr a shock have disappeared but may occasionally misclassify recurrence as persis-

tencee of VF. Our observed rate of VF recurrence after a successful shock (69%) is 

comparablee with the study of Weaver et al. who observed 68% of VF recurrence after 

aa successful shock [11] and our observed percentage of patients with VF recurrence 

(79%>)) was higher than in the study of White et al. who observed VF recurrence in 

64%% of patients [2]. 

Effectt  of recurrence on survival 
Wee found an inverse relation between the number of VF recurrences and survival. 



Obviously,, when recurrent VF occurs, there were more shocks needed to achieve 
ROSCC and the time to ROSC was indeed significantly longer. This longer or 
repeatedd circulatory arrest could explain this inverse relation. Another explanation 
couldd be the damaging effect on the myocardium when more defibrillation shocks and 
higherr cumulative energy was needed. It is also possible that recurrence is promoted 
byy more extensive myocardial ischaemia with more extensive pump failure and failure 
too achieve ROSC. 

Weaverr described an inverse relation between the number of shocks a patient received 
andd the chance of survival, but they did not make the distinction between shocks 
deliveredd on persistent VF and recurrent VF. White et al. [2] in a recent study, could 
nott demonstrate a relation between the occurrence and frequency of VF recurrence and 
survival.. In their analysis, with a limited number of patients, only the occurrence and 
frequencyy of VF recurrence during first responder defibrillation were included while it 
iss to be expected that many recurrences took place during subsequent paramedic care. 

Treatmentt  of VF recurrence 
Firstt responders with AEDs and paramedics with manual defibrillators acted different 
whenn defibrillation occurred. The paramedics recognized most VF recurrence quickly 
andd rapidly delivered a second shock (over 60% of recurrence was shocked within one 
minute)) but after 5 minutes they only had shocked about 85% of the recurrences. It is 
possiblee that this delay was caused by multiple activities by paramedics, while per-
formingg ACLS measures as intubation and administering medication, competing for 
theirr attention and not giving priority to defibrillation. The AED shocked only 30% 
off  the recurrences within 1 minute but after 3.5 minutes all patients with recurrence 
receivedd a shock. The AED was programmed to perform an automated rhythm analy-
siss 60 seconds after the first shock and when no VF was present at the time of this 
analysiss the next rhythm analysis was performed 3 minutes later. So all recurrences 
occurringg in the first minute after the shock were recognized at 1 minute and defibril-
latedd 20 seconds later. When the time to VF recurrence was more then one minute 
thiss was recognized in the second analysis, 3 minutes later. 

Waveform m 
Thee biphasic waveform is superior to the monophasic waveform in efficacy and safety 

inn termination of VF [12-17]. In animal laboratory studies, the depression of myo-

cardiall  function was less after biphasic waveform defibrillation than after monophasic 

waveformm defibrillation. In agreement with these previous studies we observed a sig-

nificantt better defibrillation rate of the biphasic defibrillators, but no relation was 
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foundd between the defibrillation waveform of the successful first shock and the occurrence 

off  VF recurrence or time to VF recurrence, consistent with the study of Gliner et al [1]. 

Ischaemia a 
Itt is described in animal and in vitro studies [7,18,19] that VF recurrence is partly 

attributablee to ischaemia. In several clinical studies it is assumed that VF recurrence 

iss attributable to the underlying disease [1,2], but in our study we could not demon-

stratee a clear difference in the occurrence of VF recurrence in patients with signs of 

acutee ischaemia or with a history of ischaemic heart disease. This can be explained by 

thee fact that VF in itself leads to myocardial ischaemia and therefore could have 

obscuredd the distinction between ischaemia as cause or as subsequence. 

Howw to respond to recurrent VF? 

Wee observed a relation between recurrence of VF and survival, but our study was not 

designedd to prove a causal relation. However, with the observed high rate of VF 

recurrencee (79%) aggressive anti-arrhythmic treatment after defibrillation should be 

considered.. The distinction between persistence (for which amiodarone is indicated 

[8,9])) and immediate recurrence (for which lidocaine is probably effective[20,21]) is 

difficult .. But for reasons of simplicity amiodarone may be the first choice, to be 

givenn immediately after the first VF episode has terminated. Ideally such a new 

protocoll  should be tested in randomized studies. 

Limitation s s 
Thee analysis was confined to the 322 patients with complete rhythm data of VF car-

diacc arrests. Of 43 patients, rhythm data was missing, caused by practical factors (i.e. 

lostt files, no continuous data, transmission errors) and there was no indication that 

selectionn bias had occurred. 

Thee analysis of the waveform of defibrillation was confined to the first shock, 

becausee of the mixture of biphasic and monophasic waveform defibrillators (both 

AEDss and manual defibrillators), which could be used in an individual patient. 

Outcomess of the two groups reported beyond the first shock would reflect this mixed 

monophasicc and biphasic therapy. 

Conclusions s 
VFF recurrence occurs in the vast majority of cases during out-of-hospital cardiac arrest and 

iss negatively associated with survival. VF recurrence was neither associated with the type 

off  shock waveform nor with patient- or process characteristics. Anti-arrhythmic should be 



consideredd after defibrillation in all patients found in VF and not only for persistent VF. 
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ABSTRACT T 

Introductio n n 
AA short and effective training program is a prerequisite for the use of automated 

externall  defibrillators (AEDs) by EMS providers and first responders. We evaluated a 

3-hourr AED course based on the European Resuscitation Council requirements. 

Methods s 
Ass part of a study evaluating the effectiveness of AEDs used by first responders, we 

trainedd all police officers in the region of Amsterdam, the Netherlands. 

Byy means of CPR assessment at the beginning and at the end of the course, we eval-

uatedd whether CPR can be improved in a 3 hour AED course. Through a combined 

CPRR and AED assessment at the end of the course we evaluated whether AED skills 

cann be sufficiently acquired. CPR skills were measured with the Laerdal SkillMeter™ 

evaluationn mode. AED skills were assessed on 13 criteria. 

Byy means of logistic regression we analysed the influence of student characteristics, 

suchh as age, gender, previous training, resuscitation experience and motivation on 

acquisitionn of CPR and AED skills. 

Results s 
Betweenn September 1999 and June 2000, 823 police officers were trained (76% male, 

meann age 36 (SD 9) years). CPR improved significantly (p <0.001) on all criteria, 

exceptt for hypoventilations, which increased. After training, 89% of the officers were 

ableable to use an AED safely and effectively. Self-confidence and motivation improved 

fromm 12% and 73% to 99% and 94% over the course (p <0.001). Independent student 

characteristicss explaining the success of the AED course were: previous CPR training, 

motivationn before the course, and a resuscitation experience more than 12 months ago. 

Conclusion n 
Thee majority of police officers can be trained to use an AED safely and effectively 

withinn a 3-hour AED course. During this course, CPR skills are improved. 

Successfull  completion of the course depends in part on student characteristics. 



INTRODUCTIO N N 

Automatedd external defibrillators (AEDs) are safe and simple, but their effectiveness 
dependss on the skills of the user. For a successful AED program, it is important that 
firstfirst responders can use an AED as well as perform adequate CPR [1-5]. CPR skills 
aree difficult to obtain. After a single training course, between 31 and 100% of the 
studentss is able to perform CPR adequately [6-12]. This variation in the course out-
comess strongly depends on the type of course, its duration, as well as on the back-
groundd of students and the assessment criteria used [6-12]. In contrast to the 
acquisitionn of CPR skills, littl e is known on the acquisition of AED skills [13]. 
Thee European Resuscitation Council (ERC) and American Heart Association (AHA) 
promotee AED courses of 4 training hours. In these courses, there is said to be littl e 
orr no time for refreshment of CPR skills. Therefore, students are required to have a 
validd CPR certificate, to be obtained through attending an officially recognised CPR 
coursee (three hours) within three years before the current AED course [14,15]. The 
abovee requirements for an AED course are derived from professional opinions and 
consensuss but although apparently reasonable, there is littl e scientific evidence to sup-
portt them. Besides, in practice these requirements may be difficult to implement. For 
instance,, an AED program for 1000 untrained policemen would require 7000 hours of 
trainingg and retraining according to the norms described above. This would be an 
intensiveintensive and expensive program and would probably not be welcomed by the police-
management.. The consequence could be that the AED program would not be launched. 
Too make an AED program more feasible, one could shorten training in duration and 
reducee the requirement for a valid CPR certificate. We applied these modifications to 
thee model of the first ERC AED course held in Lyon in 1999. 
Thee objective of this study was to evaluate the effectiveness of this course and to 
evaluatee the factors associated with a successful completion of the course. 

METHOD S S 

Thee evaluation of the modified AED course was carried out during an AED project in 

twoo police regions in the proximity of Amsterdam, the Netherlands. Included were all 

executivee police officers taking part in the study on the effectiveness of AED use by 

firstt responders [16]. 
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Studentt  characteristics, motivation and self-confidence 
Att the beginning of the training, we collected data on age and gender of the police 

officers,, the time since their last CPR training, and the time since their last resuscita-

tionn attempt. On five point ordinal scales, we measured their motivation for (a) being 

dispatchedd to a possible cardiac arrest, (b) to perform CPR when facing a cardiac 

arrest,, (c) to use an AED in case of a cardiac arrest, and their confidence (d) about the 

AED,, and (e) in their own CPR skills. To investigate the impact of the AED course 

contentt on motivation and self-confidence of the police officers, these items were 

measuredd again at the end of the course. 

Thee course 

Thee AED course was based on the pilot ERC AED course of Lyon 1999 (ERC 1998 

guidelines)) and included all goals recommended by the ERC [14]. These were: to 

understandd the importance of electrical shocks in case of a cardiac arrest, to under-

standd the function of an AED, to learn safely and effectively administer a shock 

withinn 90 seconds after arrival, to learn how to use an AED under different circum-

stances,, to understand when one can and cannot use and AED, and understanding 

devicee maintenance issues. Although officers who entered were expected to have had 

previouss CPR training, no demands were made as for quality, duration and time 

intervall  since the previous CPR training. Police officers without any CPR training 

weree also allowed to enter the course. A brief schedule of the three-hour AED course 

iss given in appendix 1. With regard to a safe approach/assessment mentioned in 

appendixx 2, Dutch guidelines at that time required shake, shout and pulse check 

beforee applying an AED (CAB-protocol) [17]. All AED instructors were experienced 

ambulancee nurses, who had followed an additional ERC like instructor course. The 

instructorr to student ratio was 1:4 and for each group of four officers a Laerdal 

SkillMeter™™ manikin and a Medtronic Physio-Control LIFEPAK 500T™ training AED 

weree available. 

CPRR and AED skills 
CPRR skills were assessed before the course (pre-training) with a 2-minute hands-on 

CPRR test and after the course (post-training) with at least 1-minute hands-on CPR 

includedd in a single shock scenario. Literature indicates this is representative for a 

prolongedd resuscitation attempt [18,19]. 

Thee pre-training and post-training CPR skills were measured by the evaluation mode 

off  the SkillMeter™. The SkillMeter™ counts a skill erroneous as follows: incom-

pletee release after compression, compression <38 mm or >52 mm, hand position not 



centrall  on sternum, stomach inflation, ventilation volume <400 ml or >600 ml. For 

thesee criteria, we computed fault percentages; the number of erroneous actions divided 

byy the total number of actions (e.g. 5 to deep compressions/50 total compressions 

givess a fault percentage of 10%). The CPR skills were arbitrarily judged as performed 

effectivelyy if the student achieved a fault percentage of 10% or less. To make our 

resultss comparable with other studies, we calculated the mean fault percentage; the 

summ of all erroneous actions divided by the sum of total actions. With regard to the 

compressionn rate, we judged a rate of 100 0 compressions/min as adequate [12]. 

Forr AED skills, the post-training assessment contained a single shock scenario. The 

durationduration of the post-training assessment depended somewhat on the skills of the 

officers,, but was around 180 seconds, including 60 seconds of CPR after the shock. 

Officerss were assessed as CPR provider and as AED provider. The AED criteria were 

assessedd with 13 Visual Analogue Scales (VAS) (appendix 2). Of these criteria, five 

criteriaa concentrated on safety, seven criteria focussed on quality aspects (e.g. positioning 

off  the electrodes) and one criterion focussed on speed of the procedure (time to 

shock).. Though the VAS look almost identical, they are not: 1 is unipolar with the 

optimumm to the left, 4 are bipolar with the optimum in the centre, and the other 8 are 

unipolarr with the optimum to the right. This scoring method was developed to avoid 

automatedd scoring of good, mediocre and poor skills. In the appendix 2, pass/fail 

limitss are represented by the > and < symbols. These symbols were not printed on 

thee original form. A subset of criteria was defined to be the minimum of require-

ments,, the "core criteria". This set contained 8 items: shout, shake, pulse check, CPR 

integrationn with AED use, adequate electrode position, clearing the patient before 

analysis,, keeping distance from the patient before the shock and time to shock. 

Twoo endpoints were defined. The primary endpoint was "all 13 criteria correct" and 

thee secondary endpoint was "at least the 8 core criteria correct". 

Statisticall  Analysis 
Forr comparison of the pre-training and post-training motivation for dispatch, CPR, 

AEDD and self confidence values, the five point ordinal scales were categorised into 

twoo groups: highly motivated and motivated on the one hand, and neutral up to not 

att all motivated on the other hand. The scales to measure self-confidence in CPR and 

AEDD were transformed likewise. Differences between pre and post-training were com-

putedd and proportions were compared using a Chi-square statistics. To evaluate chan-

gess in CPR skills, pre-training and post-training CPR scores were compared and we 

calculatedd a paired Student t-test or a paired Wilcoxon signed rank test. To evaluate 

AEDD performance of the candidates, per criterion pass percentages were computed as 
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welll  as pass percentages for the "8 core criteria" and "all 13 criteria". To determine 
factorss independently explaining successful completion of the AED course, all base-
linee characteristics of the police officers, including all motivation/self confidence 
itemss were related to the primary and secondary endpoint. Chi-square statistics were 
calculated.. Student characteristics with a p-value <0.15 were entered in a binomial 
logisticc regression model with the success or failure of the AED course (8, 13 criteria) 
ass binairy dependent variable. To determine the most significant factors, a backward-
stepp procedure was performed. A p-value >0.10 removed the variable from the model. 
Effectt sizes were expressed in odds ratios and their 95% confidence limits. 

RESULTS S 

118 8 

Characteristicss of the police officers 
Betweenn September 1999 and June 2000, 823 police officers completed the AED 
course.. Their mean age was 36 (SD 9) years and most officers were male (76%) 
(Tablee 1). Almost half of the officers (48%) had recently been trained in CPR (<6 
monthss ago), 9% had received the last CPR training >3 years ago, a small group (1%) 
neverr received a CPR training. Of the officers, 82% had experience with a real resusci-
tationn attempt, 39% had an experience within the last 6 months before the training. 

Tablee 1. Characteristics of the police officers who received an AED trainin g 

Characteristics s 

Meann age in years (SD) 

Gender,, N (%) 

Lastt trained in CPR*, N (%) 

Lastt actual resuscitation attempt, N (%) 

Male e 

Female e 

<66 months ago 

6 - 122 months ago 

12-366 months ago 

>366 months ago 

Neverr before 

Nott filled 

Neverr before 

<66 months 

6 - 122 months 

>122 months 

Nott filled 

N=823 3 

36(9) ) 

6266 (76) 

1977 (24) 

392(48) ) 

210(26) ) 

1011 (12) 

75(9) ) 

10(1) ) 

35(4) ) 

119(15) ) 

3222 (39) 

140(17) ) 

215(26) ) 

30(3) ) 

**  CPR denotes Basic Life Support 



Improvementt  in motivation and self-confidence durin g the course 
Thee percentage of officers motivated for the use of an AED rose significantly from 
73%% at the beginning of the course to 94% at the end (p <0.001). Confidence in 
usingg the device rose from 12% to 99% (p O.001). At the beginning of the course, 
nearlyy all officers were motivated for being dispatched to a cardiac arrest (93%) and 
performingg CPR (94%), rising to 96% and 96% respectively at the end of the course. 
Confidencee in their own CPR skills had 43% of the officers at the beginning of the 
coursee and this rose to 95% at the end of the course (p O.001) (Table 2). 

Tablee 2. Motivation and sell-confidence of the police officers before and after  AED trainin -

Motivationn and self confidence items 

MotivationMotivation for police dis-

patch h 

Motivationn for police CPR* 

Motivationn for police AEDf 

Confidentt of own CPR 

skills* * 

Confidencee in the AEDf 

Motivated d 

Nott motivated 

Nott filled 

Motivated d 

Nott motivated 

Nott filled 

Motivated d 

Nott motivated 

Nott filled 

Confident t 

Nott confident 

Nott filled 

Confident t 

Nott confident 

Nott filled 

Beforee training 

NN (%) 

7688 (93) 

15(2) ) 

40(5) ) 

7711 (94) 

13(1) ) 

39(5) ) 

6022 (73) 

180(22) ) 

41(5) ) 

3533 (43) 

4300 (52) 

40(5) ) 

988 (12) 

6844 (83) 

41(5) ) 

NN = 823 
Afterr training 

NN (%) 

7866 (96) 

5(<1) ) 

32(4) ) 

7866 (96) 

5(<1) ) 

32(4) ) 

7700 (94) 

22(2) ) 

31(4) ) 

7799 (95) 

10(1) ) 

34(4) ) 

8166 (99) 

7(<1) ) 

0(0) ) 

A%% motivated 

(p-value) ) 

+3%% (n.s.) 

++ 2% (n.s.) 

++ 21%(p<0.001) 

++ 52% (p <0.001) 

++ 77% (p <0.001) 

119 9 

**  CPR denotes basic life support 
tt AED denotes automated external defibrillator 
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Tabicc 3. CPR skills before and after  the AED traini n 

CPRR Skills 

Mouth-to-mouthh ventilation 

Stomachh inflation 

Tooo much air 

Tooo littl e air 

Cardiacc Compression 

Incompletee release 

Tooo shallow 

Tooo deep 

Handd position 

Compressionn Rate 

Mediann % erroneous 

beforee trainin g 

78 8 

7 7 

0 0 

1.24 4 

5 5 

4 4 

5 5 

Meann (SD) before trainin g 

1022 (19) 

Mediann % erroneous 

afterr  trainin g 

22 2 

0 0 

13 3 

1.11 1 

0 0 

8 8 

0 0 

Meann (SD) after  trainin g 

99(12) ) 

p-value* * 

<0.001 1 

<0.001 1 

«3.001 1 

<0.001 1 

<0.001 1 

NS S 

<0.001 1 

p-valuet t 

<0.001 1 

120 0 

**  The p-value is based on a paired Wilcoxon signed rank test 
tt  The p-value is based on a paired Student t test 

Improvementt of CPR 
Comparedd to the beginning of the course, quality of the CPR, according to the 
SkillMeter™™ criteria, improved significantly. All erroneous actions decreased, except 
forr excessive compressions, which remained the same (p=0.7) and for hypoventila-
tions,, which only occurred in the post-training measurement (Table 3). 

Acquisitionn of AED skills 
Forr this part of the analysis, all 155 cases with missing values were excluded. The 

133 AED per-criterion pass percentages at the end of the course ranged from 97 to 

100%% (Figure 1). A vast majority of the officers (89%) had the '8 core criteria' correct 

andd an only slightly smaller group had 'all 13 criteria' correct (86%). 



100 sec. pulse check pre shock* 

100 sec. pulse check post shock 

Safee approach 

Environment t 

Timee to shock* 

Breathingg check 

Clearr patient (analysis)* 

QQ Shout* 

' i __ Shake* 
O O 

AEDD position 

CPRR integration* 

Clearr patient (pre shock)* 

Electrodee position* 
Att least 8 core criteria* 

Alll 13 criteria 

855 90 95 100 

Percentagee pass score (N=668) 

Figuree 1. 
Percentagee of students performing correct for each separate AED criterion and for the primary and 
secondaryy endpoint: 'at least 8 core criteria' and 'all 13 criteria correct'. All cases with one or more 
missingg values were excluded. (N= 668). 

Independentt  explanatory factors 

AA binomial logistic regression model determined independent factors explaining the 
successs on "all 13 criteria" and on "8 core criteria correct". For "all 13 criteria cor-
rect",, these were, in order of magnitude: previous CPR training at any time, motiva-
tionn for AED use, and last resuscitation attempt >12 months before the course 
(Figuree 2). For "8 core criteria correct" independent explanatory factors were: motiva-
tionn for AED use, motivation for dispatch and last resuscitation attempt >12 months 
beforee the course. Compared to officers that had never had any CPR training, all pre-
viouslyy trained officers did better on "all 13 criteria". This influence was not signifi-
cantt on "8 core criteria" (p =0.11). There was no statistically significant difference in 
performancee between time intervals since the last CPR training. 
Comparedd to those who had recently or not at all been involved in a resuscitation 
attempt,, officers with an actual resuscitation attempt more than 12 months ago 
performedd significantly better on both endpoints. 
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Figuree 2. 
Independentt explana-
toryy factors for suc-
cesss on the primary 
endpoint:: 'all 13 crite-
riaa correct'. Results 
fromm backward step 
logisticc regression. 
Valuess are odds ratios 
withh 95% confidence 
interval.. An odds ratio 
<11 represents a better 
performance.. Only 
categoriess that remai-
nedd in the model are 
shown.. Reference 
groupss are the bottom 
categoryy for each 
group. . 
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DISCUSSION N 

Trainingg in performance of CPR and the use of the AED is costly, and scientific 
evaluationn of the effectiveness of current and new training methods is therefore 
valuable.. We describe the factors associated with a successful completion of a 
modifiedd ERC AED course. After the course, 89% of the trained police officers were 
ablee to administer a shock with an AED safely, efficiently and effectively (8 core 
criteriaa correct). Eighty six percent was able to pass a stricter norm, requiring a correct 
fulfilmentt of 13 AED criteria. In addition, motivation for - and self-confidence in 
usingg an AED improved significantly (p<0.001). 

Methodologicall  issues 
Apartt from course content and course duration, the success rate of training depends on 
thee quality of the trainers and the methods of assessment. Our instructors were well 
trained;; they received a standard ERC AED instructor training and were supervised in 
thee field for at least three training sessions. 

CPRR skills were assessed objectively by means of the SkillMeter™, and the CPR 
outcomess were comparable to other studies that used a SkillMeter™ [10,20,21]. At the 
moment,, it is not possible to assess AED Skills other than by subjective assessment, 



exceptt for time to shock. The time to shock is a result from the fluency of preceding 
skills.. Thus, the pass percentage of the time to shock is expected to be similar or 
slightlyy lower than the pass percentage of the preceding skills. Assessment of the 
officerss was not carried out independently, but by the instructors. This was not ideal 
fromm a methodological point of view, since a bias towards positive results could have 
occurred.. It is however a common, practical and cost-effective approach. We have no 
indicationn that a bias towards positive results occurred since (a) the success percentage 
off  the time to shock is similar to the success percentages of the other AED skills, (b) 
thee instructors only scored the officers and neither determined nor knew whether 
officerss failed or passed the assessment, this was determined independently, (c) a 
considerablee number of officers had poor scores. The latter shows the critical attitude 
off  the instructors-assessors. 

Wee evaluated just one training design, the modified ERC training course. Other 
coursess may have a different course design, with variations in length, instructor-stu-
dentt ratio or may use video or interactive computer software. The most effective 
trainingg method has still to be established. 

Severall  questions have not been answered by this study. For example, the retention of 
thee AED skills over time, and whether good classroom performance means good 
practicee during real life events. 123 

Interpretatio nn of the results 

Whenn officers had received CPR training before the AED-training, this had an impor-

tantt independent impact on successful completion of the AED requirements. We con-

siderr three interrelated explanations for this finding. First, when students are already 

familiarr with the elementary skills of CPR, they can give more cognitive attention to 

thee learning of the unfamiliar AED skills. Second, when students are aware of the 

sequencee in which CPR skills need to be performed, they can more easily integrate 

thee use of an AED into this sequence. Finally, because previously CPR trained stu-

dentss have an idea what adequate CPR skills encompass, they need less instruction to 

achievee good CPR performance and more instruction time can be spent to instruct 

AEDD skills. It seems reasonable to expect that a more recent CPR training is associ-

atedd with a more successful completion of the AED course, but this is not supported 

byy our data. Educationalists point out that skills after a course quickly deteriorate to a 

basee level and that this level is maintained for a long period [12]. 

Thee experience of officers with a real life resuscitation attempt >12 months before the 

AEDD course was another factor that had a positive impact on successful completion of 

thee course. We speculate that police officers unfamiliar with resuscitation may be 
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uncertain,, whereas police officers with recent experiences may have fears and negative 
feelings,, particularly when the resuscitation attempt failed. 

Beingg motivated for the use of an AED before entering the AED course was the third 
factorr that had a significant impact on the course completion. The task of using an 
AEDD in case of a cardiac arrest was new for all our officers, and 25% of the police 
officerss were not motivated to do so before the beginning of the course. More strong-
ly,, 83% of the officers had little confidence in using the device before the course. 
Despitee a motivational lecture during the course and despite the fact that nearly all 
officerss said to be motivated for the AED and confident using the AED at the end of 
thee course this a priori lack of motivation and confidence remained to have a negative 
impactt on the successful completion of the course. To improve motivation and 
confidencee before entering the course, one could think of sending a leaflet, or a book 
explainingg the important role of first responders using an AED. 
Duringg this AED course, according to the recent ERC guidelines, there was littl e time 
too train CPR. We demonstrated that CPR skills improved during the AED course, 
exceptt for ventilation volume. Our instructors, according the 1998 guidelines, instructed 
thee officers to ventilate until the chest rose, and not more. We speculate the officers 
overcompensatedd these instructions or that the instructors overemphasised the issue. 
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Conclusion n 
Wee conclude that a modified, 3 hour ERC AED course seems adequate to train police 

officerss in the use of an AED, to refresh their CPR skills and to improve their moti-

vationn and self-confidence. 

Ourr data support the recommendation that a CPR course should have been attended 

priorr to the AED course, but do not support that this should have been done within a 

certainn period prior to the AED course. 

Successfull  completion of the AED course is depended on the student characteristics; 

previouss CPR training, motivation and experience with resuscitation attempts. This 

pointss to necessity for instructors to tailor courses to the characteristics of the stu-

dentss in the training group. 
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Appendix.1.. Schedule of the 3 hour  AED course 
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Timee Description Duration 

0:000 Welcome, aims and objectives 5 minutes 

0:055 Pre-training measurement and questionnaire 15 minutes 

0:200 Lecture, containing (among others) motivation and reasons for AED, possi- 15 minutes 

blee scenarios, legal situation, 

0:355 Demonstration 'safe approach / assessment' 5 minutes 

0:400 Practice with feedback of'safe approach / assessment' (2-3 cycles/student) 10 minutes 

0:500 Demonstration 'safe approach / assessment + AED connection' 5 minutes 

0:555 Practice with feedback of 'safe approach / assessment + AED connection' 10 minutes 

(2-33 cycles per student) 

1:055 Demonstration of a no-shock scenario, including an outline of important CPR char- 10 minutes 

acteristicss (among others hand position, ventilation volume and compression depth) 

1:155 Practice with feedback (on CPR) of a no-shock scenario (1-2 cycles/student) 15 minutes 

1:300 Coffee break 15 minutes 

1:455 Repetition of the learned skills (oral) 5 minutes 

1:500 Demonstration of a single shock scenario, including recovery and monito- 5 minutes 

ringring of the victim 

1:555 Practice with feedback of a single shock scenario, including recovery and 15 minutes 

monitoringg (2-3 cycles/student) 

2:100 Oral explanation of a multiple (>3) shock scenario 5 minutes 

2:155 Practice with feedback of a multiple (>3) shock scenario, without reco- 10 minutes 

veryy /monitoring (1 -2 cycles/student) 

2:255 Explanation and demonstration of problems, maintenance, special situations, 10 minutes 

children,, etc. 

2:355 Questions of the students 0 minutes 

2:455 Final measurements 15 minutes 

3:000 End of the course 
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Appendixx 2. The AED criteria 
Copyy of the form used to judge the police officers. Minimum adequate scores are marked > (from this 
pointt to the right) and < (from this point to the left). These markings were not on the forms that were used 
byy the assessors. 
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ABSTRACT T 

Introductio n n 
Thee quality of first responder performance at the end of AED training may not 

adequatelyy predict the performance during a real resuscitation attempt. 

Methods s 
Betweenn January and December 2000, we evaluated 67 resuscitation attempts in 

Amsterdamm and surroundings, where police officers used an AED. We compared their 

performancee with the assessment at the end of their ERC AED training course. One 

off  the main goals of training was to deliver a shock within 90 seconds after power-on 

off  the AED. 

Results s 
Wee analyzed 127 police officers working in 67 police-teams. The police officers had a 

meann age of 35 years (range 23-54 years), 73% was male. The interval between the 

receivedd AED training and the first resuscitation attempt was median four months 

(rangee 1-13). In 79% (46/58) of the teams successful completion of the course was 

associatedd with good performance during a resuscitation attempt (p=0.004). In turn, 

off  the nine "incompetent" teams in training, three performed competent during the 

resuscitationn attempt. When measured after power-on of the AED, 92% of the victims 

receivedd a shock within 90 seconds. 

Conclusion n 
Wee advise to focus training on increasing the trainees experience and self-confidence. 

INTRODUCTIO N N 

Thee automated external defibrillator (AED) is viewed as the single most important 

measuree to increase survival of out-of-hospital cardiac arrest [1-3]. Currently, many 

AEDD projects are launched and incorporate traditional first responders (police, fire 

brigade),, as well as non-traditional first responders (e.g. flight attendants) [4]. The use 

off  an AED requires education, containing lectures and training of skills in cardio-

pulmonryy resuscitation (CPR) in conjunction with the device-operation [5,6]. Such 

skillss can be best learned through simulated scenarios [7-9]. In these scenarios the stu-

dentss are confronted with a situation that could occur in real life. However, the circum-



stancess in these scenarios are artificial with regard to the environment and the victim 
inn cardiac arrest. Whether successful completion of training in the use of an AED is a 
guaranteee for competence in real resuscitation attempt is uncertain. It can be expected 
thatt skills acquired in training quickly deteriorate over time [10,11], and that class-
roomm performance therefore may not adequately predict the performance in a real resus-
citationn attempt. This is already known from training in CPR, only 55% of those who 
wheree trained in CPR delivered CPR to the victims of cardiac arrest [12]. Of these 
victimss 90% received a combination of chest-compression en ventilation, 8% received 
chest-compressionss only, and 2% received ventilation only. 
Withh documented cases of real events, we studied whether the results of the end of 
AEDD course assessment of police officers was an indicator for the performance with an 
AEDD in real resuscitation attempts. 

METHOD S S 

Wee evaluated performance of police officers in a prospective cohort study in the region 

off  Amsterdam, the Netherlands, between January and December 2000, where police 

officerss served as first responders equipped with an AED. Included in this analysis were 131 
alll  cases of cardiac arrest where the police arrived first on the scene and used an AED. 

Trainin g g 
Inn this region (0,9 mil inhabitants), 945 police officers were trained in the use of an 

AEDD (LIFEPAK 500, Medtronic Physio-Control, Redmond WA). They followed a 

slightlyy modified training course of the European Resuscitation Council, first presen-

tedd in Lyon, 1999. Officers were trained as a two-rescuer team, consisting of an AED-

providerr and AED helper. One instructor trained four students with one manikin and 

onee trainer-AED in a 3 hours period. At the end of the AED course, police officers 

weree assessed by means of a scenario test. CPR and AED skills were tested with a 

simulatedd single shock scenario and were assessed on 13 aspects of performance (see 

appendix).. An officer was considered competent and certified, when meeting the 

criteriaa mentioned under 'competent' in the appendix, and delivered a shock within 90 

secondss after turning on the AED. When an officer was assessed as 'not yet compe-

tent',, this officer receiver a re-training within 3 months. Only after being assessed as 

competent,, an officer received a certificate, allowing him/her to use the AED in resus-

citationn attempts. 
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Dataa collection durin g resuscitation attempts 
Dataa collection took place on the scene by dedicated data collectors. Data were 

obtainedd on the estimated moment of collapse, witnesses and bystanders CPR, by 

directlyy interviewing all persons involved. The continuous rhythm data from the 

AEDss and manual defibrillators were downloaded into a laptop on the scene. 

Shockablee rhythm was defined as VF or rapid VT. Deviations of internal clocks were 

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

andd arrival on scene of first responders and EMS were obtained from time corrected 

dispatchh computers. It was recorded which officer had served as AED-provider en 

whichh one as AED-helper. Their own assessment of performance and specific 

problemss were obtained during an interview on scene immediately after the event. 

Analysis s 
Fromm the audio data transcripts were made. One reviewer checked these transcripts on 

contentt using the original audio data. The final transcripts were analyzed by two 

reviewers.. If there was no agreement between the two reviewers, the interpretation by 

bothh reviewers was discussed and disagreement was resolved by consensus. The 

reviewerss were blinded for the results of the assessment at the end of the AED-course. 

Assessmentt of the 13 criteria was performed with reading the transcripts in conjunc-

tionn with the information from the ECG tracing, the event recording of the AED and 

thee interview at the scene. Performance was considered as not competent when one or 

moree of the 13 items were not performed or not performed in a competentt way. 

Performancee of an individual was considered to be competent when all of the 13 

aspectss were performed correctly. A team was considered competent when both offi-

cerss performed the 13 aspects correctly. A team was considered as not competent 

afterr training when at least one team-member was without training or assessed after 

trainingg as not competent. Data were analyzed using descriptive statistics, with 95% 

confidencee intervals around proportions. Time intervals were expressed as medians 

(range).. Significance was tested by calculating the Chi-square statistic for proportions 

andd the Mann-Whitney U test for continuous variables. Significance was accepted 

whenn a two-sided p-value was < 0.O5. Statistics were performed in SPSS® 11.0.1. 

RESULTS S 

InIn the study period of 11 months, 67 first responders' resuscitation attempts were 

includedd in the analysis. These patients received CPR and were treated with an AED 



byy 127 police officers. The police officers had a mean age of 35 years (range 23-54), 
73%% were male. Thirteen officers (10%) had not received AED training. Of the 127 
officers,, 30 officers were involved in two attempts, while 7 officers were involved in 
threee or more attempts. One untrained officer was involved in three cardiac arrests. 
Thee interval between the AED training and the first resuscitation attempt was median 
fourr months (range 1-13). 

Performancee at the end of AED trainin g 
Tablee 1 shows the score of performance at end-of-training and during real resuscitation 
attemps.. Most difficult criteria to meet during training were "shake and shout" to 
establishh unconsciousness in the beginning of the resuscitation attempt and CPR-
integrationn with the use of the device. Of the 114 trained police officers involved in a 
reall  resuscitation attempt, 87 officers (76%) had good marks for all 13 AED criteria at 
thee end of course assessment. Twenty-seven police officers (24%) were participating in 
aa team when not (yet) considered competent, based on their end of training assessment. 

Tablee 1: Performance of the 13 skills durin g trainin g assessment and real resuscitation attempts 

Skill l 

1.. Safety 

2.. Workspace 

3.. Shout 

4.. Shake 

5.. Pulse check 

6.. AED position 

7.. CPR integration 

8.. Position of electrodes 

9.. Clearing during analyze 

10.. Clearing before shock 

11.. Shock in time 

12.. Pulse check 

13.. Check breathing 

Competencee of 

officerss in training 

assessment t 

N=114 4 

% % 
95 5 

95 5 

93 3 

88 8 

100 0 

100 0 

94 4 

95 5 

95 5 

98 8 

99 9 

100 0 

100 0 

Competencee of offi-

cerss in real resusci-

tationn attempts 

N=127 7 

% % 
87 7 

90 0 

100 0 

97 7 

100 0 

100 0 

82 2 

100 0 

59 9 

40 0 

92 2 

87 7 

50 0 

Competencee of Competence of 

"competent"**  teams "incompetent"! 

inn real resuscitation teams in real resusci-

attemptss N=58 tation attempts N=9 

%% % 
900 67 

911 78 

900 89 

888 78 

900 89 

1000 100 

788 78 

1000 100 

599 44 

766 67 

988 89 

799 67 

911 89 
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**  A team consisting of two police officers who performed competed for all 13 skills during training assessment. 
tt A team consisting of two police officers of which at least one was untrained or one was incompetent 
forr one or more of the 13 skills during training assessment. 
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Relationn between end of course assessment and real resuscitation attempts 
Eightyy seven percent of the teams (58/67), who used the AED in real resuscitation 
attemptss consisted of two police officers who both were qualified as "competent" after 
thee initial training. In 79% (46/58) of the teams successful completion of the course 
wass associated with good performance during a resuscitation attempt (p=0.004, Table 2). 
Inn turn, of the nine "incompetent" teams in training, three were considered as compe-
tentt during the resuscitation attempt. 

Tablee 2: Cross tabulation of performance during trainin g assessment and performance durin g resus 
citationn event per  team 

resuscitation n Competent t 

Nott competent 

Total l 

Competent t 

46 6 

12 2 

58 8 

Aftei i trainin g g 
Nott competent 

3 3 

6 6 

9 9 

Total l 

49 9 

18 8 

67 7 

P== 0.004 
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Performancee during real life resuscitation attempts 
Off  the 68 patients, 27 (40%) had an initial shockable rhythm. Ninety-two percent of 
thee patients with an initial shockable rhythm received a shock within the international 
recommendedd time of 90 seconds after the AED was switched on (Figure 1). The 
timee interval from AED switch-on to the first rhythm analysis was 64 seconds (range: 
28-1700 seconds). There was no statistically significant difference in time from switch-
onn of the AED to shock between "competent" and "incompetent" teams. 
Thee time interval from arrival of the police vehicle (vehicle stop) to the first rhythm 
analysiss was median 126 seconds (range 37-376 seconds). 

Timee interval from power-on to first shock competent teams 

Timee interval from power-on to first shock non-competent teams 

Figuree 1. 
Cumulativee time interval 
fromm power-on of the 
AEDD to first shock sepa-
raterate for competent 
(n=58)) and not compe-
tentt (n=9) teams during 
trainingg assessment. 

300 60 

Timee interval in seconds 



DISCUSSION N 

Wee investigated whether successful completion of an AED course is related to good 
performancee during a real resuscitation attempt. Results show that in 79% of the 
casess successful completion of the course was associated with good performance 
duringg a resuscitation attempt. In turn, a not successful completed course is still com-
patiblee with good performance. 

Tenn percent of the officers was involved in resuscitation attempts with an AED while 
nott trained at all. Together with the officers that were not trained up to the level of a 
satisfactoryy mark for all 13 skill criteria, 31% of the officers was not or not well 
trained.. However with most of the police officers trained and operating in teams of 
two,, like in our police study, there is a high likelihood that at least one of the team 
memberss is trained and assessed competent. Indeed there were no teams where both 
memberss were untrained. Of concern were problems such as the delay to the start of 
CPRR after a pulse check despite prompts of the AED. It is our impression that those 
policee officers were not confident or needed much time to recollect their basic skills of 
CPR.. Another important problem was the delay in time to defibrillation. Nearly 10% 
off  the first shocks were delivered with a delay longer than 90 seconds after power-on 
off  the AED. This delay was caused by hesitation of the police officers or difficulties 
too connect electrodes and discussion on the right position of the electrodes. This 
pointss to a lack of skills-routine. Psychological issues may be addressed by improving 
routinee through training, but regardless training, resuscitation remains a stressful 
eventt and vulnerable to mistakes. 

Limitation s s 
Exceptt for the time to shock, AED skills in the classroom and during a real life resus-

citationn attempt are assessed subjectively. With the current training devices objective 

assessmentt of AED related skills is not possible during classroom training. Similarly, 

theree is no objective way of assessment of performance during a real resuscitation 

attempt.. This assessment has partly to rely on post-hoc interviews, with the possibility 

off  receiving social desirable answers. However, the reliability of our data was improved 

byy collecting the data from multiple sources (AED sound recordings, ECG and critical 

eventt recordings, and the interview). Data available from multiple sources allows for 

dataa triangulation, which improves the validity and reliability of the data [13]. 

Assessingg the interval between arrival on scene and the first shock is an important and 

objectivee component of AED skill assessment. However the signal and time stamp of 

"vehiclee stop" as given by the police officers is many times given to early or 
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forgotten.. As the interval from vehicle stop to shock also included the walking dis-

tancee from the car to the patients' side, it is of limited value in the assessment. The 

intervall  "power on" of the AED to shock seems more reliable, but sometimes the 

AEDD was switched on after connecting of the electrodes. Many newer AED combine 

removall  of the electrodes from the cover with power-on, allowing a more reliable 

assessmentt of their performance. 

Conclusion n 

Thee successful completion of an AED course is an indicator of good performance in 

thee field. However, it is by far no guarantee. Delays in the initiating of CPR, and 

timee to first shock occur through stress and lack of self-confidence. 

Nott following an AED training or failing to meet the assessment criteria of a successful 

trainingg will not mean that these first responders cannot save patients, as long as they 

workk in teams with a well-trained colleague. 

Neww AED designs and voice and visual prompts might be an important help to take 

decisionss in the AED-algorithm more faster and the AED may take as many decisions 

ass possible for the first responder, speeding up the initiation of an AED assisted 

resuscitationn attempt and leaving less room for possible errors. 
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1.. Safety: making sure that there is no continuing danger either to the first responders, bystander or the 

victim.. Being aware of hazards from electricity, gas, traffic, masonry, etc. 

2.. Workspace: creating space to work, for instance by getting someone from a bed and keeping 

bystanderss at a distance. 

3.. Shout: checking response by loudly asking, like "Are you all right?". 

4.. Shake: assessing whether or not the victim is conscious by carefully shaking his shoulders. 

5.. Pulse check: checking for signs of a circulation for no more than 10 seconds to decide if the AED is 

necessary. . 

6.. AED position: positioning the AED next to the head of the victim. 

7.. CPR integration: CPR performed before attaching the electrodes and resumed immediately after the 

promptt of the AED to start CPR after assessment of signs of a circulation. 

8.. Position of electrodes: positioning one electrode below the right clavicle, next to the breast bone, the 

otherr electrode below and left from the left nipple, in the mid-axillary line. 

9.. Clearing during analysis: demanding and controlling for distance by the first-responders and bystanders. 

lO.Clearingg before shock: demanding and controlling for distance by the first-responders and bystanders. 

11.. Shock delivered in time: delivering a shock within 90 seconds after power-on. 

12.. Pulse check: checking for signs of a circulation for no more than 10 seconds after the voice prompt of 

thee AED. 

13.Checkk breathing: checking whether the victim is breathing by looking for chest movement, listening at 

thee mouth for breath sounds and feeling for breath on the cheek for no more than 10 seconds. 
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ABSTRACT T 

Objective e 
Thee objective of this study was to prospectively compare clinical practice of 

implantablee cardioverter defibrillator (ICD) implantation with current guidelines in 

out-of-hospitall  cardiac arrest (OHCA) survivors. 

Methodss and Results 
Fromm January 2000 til l March 2002, 70 consecutive patients discharged from 15 

hospitalss after OHCA, with ventricular fibrillation (VF) as initial rhythm were 

included.. Documentation concerning diagnosis, left ventricular function, ischaemia 

detection,, electrophysiological studies (EPS), and decisions regarding ICD 

implantationn was collected from medical records. An expert committee compared 

thesee data with current guidelines. According to these guidelines 18 patients had an 

ICDD indication and received an ICD and 37 patients had no indication and did not 

receivee an ICD. In 13 patients without acute myocardial infarction not enough 

diagnosticss were done to decide that there was no ICD indication and no ICD was 

implanted.. Two patients had an ICD indication but did not receive an ICD. 

Duringg the follow-up with duration of 25 months (range 12-38 months), two acute 

deathss occurred in the group of patients without an ICD. Of the patients with ICD, 4 

patientss (22%) reported to have received one or more shocks. 

Conclusion n 
Inn 21% of OHCA survivors, insufficient diagnostics concerning the indication of ICD 

implantationn were performed or no ICD was implanted when indicated, despite clear 

guidelines.. In particular, there was no proof of ischaemia prior to revascularization 

andd no confirmation of the absence of ischaemia and EPS thereafter. Clinicians 

shouldd be more aggressive in evaluating patients after OHCA concerning the 

indicationn for ICD implantation. 



INTRODUCTIO N N 

Survivorss of out-of-hospital cardiac arrest (OHCA) are at high risk for recurrent 
cardiacc arrest and sudden cardiac death, mainly due to recurrence of acute ventricular 
tachyarrhythmia's,, particularly ventricular fibrillation (VF) [1-3]. Currently, the 
implantablee cardioverter-defibrillator (ICD) is the treatment of choice in secondary pre-
ventionn of life-threatening ventricular tachyarrhythmia's in survivors of OHC A [4-7]. 
Indicationss for ICD implantation have widened over the years and several European 
countriess have adopted their first guidelines, including the Netherlands in 2000 [8]. 
Accordingg to these current guidelines, many survivors of OHCA have an indication 
forr ICD implantation [8-10]. We prospectively compared clinical practice of ICD 
implantationn with the current guidelines, in a cohort of OHCA survivors in the 
Netherlands. . 

METHOD S S 

Studyy population 

Thee study was prospective and observational and the study area comprised the city of 

Amsterdamm and surrounding area, which included 885 square kilometers and 1.6 mil- 143 
lionn inhabitants, served by 13 community hospitals and two academic hospitals. 

Fromm January 2000 til l March 2002, all patients in OHCA, identified by the emer-

gencyy medical service (EMS) dispatch center and with VF as initial rhythm, were fol-

lowedd from collapse. All patients who survived to hospital discharge were included. 

Patientss who were transferred to a hospital outside the Netherlands were excluded. 

Dataa collection 

Thee continuous rhythm data from the automated external defibrillators and manual 

defibrillatorss were downloaded into a laptop on the scene. The rhythm data was 

analyzedd independently by a researcher and a physician, both experienced in rhythm 

analysis.. VF was categorized as a disorganized rhythm, with a median amplitude of 

>100uV.. Documentation concerning diagnosis, ischaemia detection, left ventricular 

function,, electrophysiological studies (EPS), and decisions regarding ICD implanta-

tionn was collected from medical records. 

Whenn during follow-up a patient was deceased, the general practitioner was contacted 

too retrieve the date of death and the nature of death. A year after the last patient was 

includedd all survivors were contacted to retrieve data on events and if applicable on 

shockss delivered by their ICD. 
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Guidelines s 
Guideliness developed by the ACC/AHA [10], the European Society of Cardiology [9] 
andd the Netherlands Society of Cardiology [8] were compared in order to create a 
protocoll  in which clinical practice could be evaluated. The results from the MADIT-D 
studyy [11] might widen ICD implantation indications in OHCA-patients. But since 
MADI TT II was not concluded during the study period, they were not incorporated in 
thee study protocol. There were small differences in ICD implantation guidelines [12], 
butt for patients with OHCA and documented VF as initial rhythm American, 
Europeann and Dutch guidelines concurred. According to the guidelines during the 
studyy period, an ICD implantation was indicated in OHCA survivors with VF as 
initiall  rhythm when VF was not due to a transient, reversible, or treatable cause. An 
ICDD was not indicated if the patient did not fit in one of these three criteria, had an 
expectedd lifetime of less than 6 months or had a poor neurological residual function. 
Somee OHCA survivors in whom VF was due to an acute myocardial infarction 
(AMI )) developed an ICD indication later on during hospital admission. These 
patientss had non-sustained ventricular tachycardia's (VT) at least four days after myo-
cardiall  infarction, a left ventricular ejection fraction (LVEF) of <40% and inducible 
VFF or VT during EPS (MUSTT-criterion [13]). 
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Classificationn of patients 
Actuall  practice, as derived from medical records of each patient, was compared with 

thee guidelines by an expert committee, which included two cardiologists, of whom 

onee was an electrophysiologist. Each patient was qualified as: "ICD indicated", "ICD 

nott indicated" or "not enough diagnostics done to decide whether an ICD was 

indicated".. AMI was qualified as a transient cause of VF, i.e. no ICD indicated. To 

definee AMI , we used the World Health Organization definition [14,15]. This 

definitionn is based on the presence of >2 of the following 3 criteria: (1) a clinical 

historyy of ischaemic-type chest discomfort, (2) changes on serially obtained 

electrocardiographicc tracings, and (3) a rise and fall in serum cardiac markers. 

Patientss were classified as "not enough diagnostics done" if either no or insufficient 

diagnosticss or treatment was performed after exclusion of AMI , or when 

revascularizationn was performed without documentation of ischaemia prior to 

treatmentt and lack of proof of absence of ischaemia or negative EPS after treatment. 

Ethics s 
Medicall  ethics committees from participating hospitals approved the study. Informed 
consentt was obtained from the patients post resuscitation. 



RESULTS S 

Inn the study period, 372 patients had an OHCA with VF as initial rhythm. Of these, 
1699 (45%) patients were admitted and of these 70 (18%) patients survived and could 
bee discharged from 18 different hospitals in the Netherlands. One patient was transfer-
redd to a German hospital and therefore not included in this analysis. 
Fromm the 70 OHCA-survivors, 80% was male and the mean age was 63 years (range: 
32-844 years). The classification of the patients concerning the ICD indication and the 
actuall  ICD implantation practice are shown in figure 1. Diagnoses of the 18 patients 
whoo did receive an ICD and the diagnoses of the 52 patients did not receive an ICD 
aree listed in table 1 and table 2, respectively. In none of the eight revascularized 
patientss without an AMI , ischaemia was proven prior to treatment and in only one; 
thee absence of ischaemia after revascularization was documented. Furthermore, in 
nonee of these patients, EPS was performed after revascularization. In five patients no 
attemptt at all was made to evaluate the cause of cardiac arrest. 

ICDD indicated 
accordingg to guidelines 

NN = 20 (29%) 

ICDD implanted 
NN = 18 

OHCAA survivors 
dischargedd from hospital 

NN = 70 

Nott enough 
diagnosticss done 

NN = 13(19%) 

I I 
ICDD implanted 

NN = 0 

ICDD not indicated 
accordingg to guidelines 

NN = 37 (53%) 

ICDD implanted 
NN = 0 
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Figuree 1. 
Comparisonn of ICD implantation and ICD indication in survivors of out-of-hospital cardiac arrest. 
Thiss figure shows a flow-chart demonstrating the classification concerning ICD indication and actual ICD 
implantation.. OHCA denotes out-of-hospital cardiac arrest, ICD denotes implantable cardioverter defibrillator. 
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Tablee I. Diagnoses in survivors of out-of-hospital cardiac arrest who received an ICD (n=!8) 

Diagnosiss N 

Noo detectable organic heart disease 8 

Dilatedd cardiomyopathy 4 

Brugadaa or  long-QT-syndrome 2 

MUSTT-criterion **  4 

ICDD denotes implantable cardioverter defibrillator; VF denotes ventricular fibrillation 
**  Nonsustained ventricular tachycardia at least four days after a myocardial infarction, left ventricular 
ejectionn fraction <40% and inducible ventricular fibrillation or ventricular tachycardia during 
electrophysiologicall  study. 

Tablee 2. Diagnoses in survivors of out-of-hospital cardiac arrest who did not receive an ICD (n=52) 
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Diagnosiss N 

Coronaryy artery disease 

AMII  26 

Coronary-artery-spasmm 1 

Contra-indicationss for  ICD implantation 

Poorr  neurological functionalit y 6 

Expectedd lifetime <6 months 2 

Patientss choice 2 

Nott  enough diagnostics done to decide whether  an ICD was indicated 

AMII  excluded, CAD found and revascularized, no ischaemia stress testing prior 

revascularisationn and no EPS performed after  revascularisation 8 

AM II  excluded, no further  diagnostics or  treatment 5 

ICDD indicated, not implanted 

Provenn ischaemia, revascularisation contra-indicated 1 

Patientt  with a history of bypass surgery and poor  LVF 1 

ICDD denotes implantable cardioverter defibrillator; AMI denotes acute myocardial infarction; CAD denotes 
coronaryy artery disease; VF denotes ventricular fibrillation; LVF denotes left ventricular function. 

Duringg follow-up of median 25 months (range: 12-38 months), 13 patients died 
(19%).. Only one patient with an ICD died; the ICD was turned off because of 
terminall  renal failure in a patient who declined further treatment. All other deaths 
occurredd in the patients without an ICD. Only two of the remaining 12 deaths were 
acutee and due to cardiac arrest; one patient died who did not had received an ICD 
becausee the initial VF was caused by an AMI and one patient died who had chosen 
nott to have an ICD implanted. Four of the 18 patients with an ICD (22%) reported 
thatt they had received one or more shocks. 



DISCUSSION N 

Thiss study shows that a large percentage of survivors of OHCA, are incompletely 

evaluatedd or not evaluated at all for the indication of an ICD implantation. As it is 

convincinglyy proven that this therapy contributes to long-term survival in high-risk 

patients,, such patients are potentially withheld an important therapeutic opportunity. 

Theree are several elements in this observation. First, although the guidelines are clear 

inn the formulation of the indication of ICD implantation after OHCA for non-trans-

ient,, non-reversible or non-treatable conditions, they all fail to define when these 

conditionss are met. Conversely, it is not clear when the opposite is true: when the 

conditionn (mostly ischaemia) is adequately treated or when the condition can safely 

bee considered transient. It is therefore not surprising that the evaluation of the 

patientss in our study was incomplete in many cases. Secondly, the most prevalent 

transientt condition is acute myocardial infarction, assuming that VF was caused in 

thee initial electrical unstable phase of several hours duration [16]. The time frame for 

primaryy VF in the guidelines is 48 hours after onset of AMI , which may well 

incorporatee cases where VF is caused by other, less transient mechanisms. More 

important,, the diagnosis of AMI in a patient who has been successfully resuscitated 

mayy be more difficult than under normal conditions, when the WHO criteria with the 

triass chest pain - evolving ECG changes - typical rise and fall of specific markers for 

necrosiss are applied. The retrograde amnesia makes the recognition of the history of 

chestt pain less reliable and the ECG shortly after resuscitation may show gross abnor-

malities,, which may be from ischaemia, as a result of the cardiac arrest. Furthermore, 

repeatedd shocks may be required before a stable rhythm is achieved and the possible 

damagee from these shocks could result in transient rise of markers for ischaemia, thus 

mimickingg myocardial damage from true infarction. The level of certainty, with 

whichh the diagnosis of AMI is made and thus the transient nature of the cause of car-

diacc arrest is accepted, may be higher than justified. Thirdly, many patients in our 

studyy were revascularized after recovery from the circulatory arrest, either by PTCA or 

byy CABG. The procedure was usually not preceded by documentation of ischaemia 

andd rarely followed by proof that ischaemia was effectively treated. As it is well 

acceptedd that anatomic obstruction in the coronary vessels does not necessarily imply 

myocardiall  ischaemia, such therapy may lead to the false assurance of adequate treatment 

off  ischaemia and again, may unwarrantly lead to the belief that the cause of the cardiac 

arrestt has been adequately treated. Ideally before and after revascularization EPS is per-

formed.. Our patients, without ICD are a good match of the patients in the AVID 

registryy who were not randomized for device or drug therapy and who were considered 
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too have a transient or treatable cause of their cardiac arrest [17]. Our study was not 
designedd and was not large enough to provee or disprove the correctness of the treat-
mentt decisions of our cohort by its long term outcome, but indicates that the daily 
caree of our post-resuscitation patients leaves room for improvement or at least a more 
protocollisedd approach of their evaluation. Such protocols should be based on the 
mostt appropriate guidelines, but these protocols do not yet exist. Only when the 
evaluationn of patients for success of treatment or for the transient character of the 
condition,, which is believed to have caused the cardiac arrest, is standardized, we can 
studyy their long-term prognosis, compare them with the prognosis of patients who 
didd receive an ICD and confirm that our choices were appropriate. Future guidelines 
shouldd be clear in specifying such protocols. 

Limitation s s 
Itt is possible that contraindications or softer, but valuable reasons not to implant an 
ICDD were present in the 15 patients in whom or insufficient diagnostics were perfor-
medd or no ICD was implanted when indicated, but which were not apparent in the 
medicall  records. 
Ourr study has a clear inception cohort; patients were followed from the moment of 
onsett of the cardiac arrest. No selection bias has occurred and no patient was lost to 
follow-up.. The study reflects the practice of a relatively large number of hospitals, 
includingg both community hospitals and academic hospitals, but is limited to the 
Netherlands.. In the Netherlands the ICD implantation rate in the study period was 20-
40/millionn [18,19], which is an average of the rates as observed through-out Europe. 
Thiss report reflects the practice of the years 2000-2002 during and after which the 
ratess of ICD implantation tended to increase. This increase probably reflects the 
acceptancee of newer indications based on recent clinical trials, which focus on other 
indicationss than those related to OHCA. 

Inn conclusion, current practice of ICD implantation varies widely between countries 
andd even within countries [18,19], caused by many factors. One of these factors may 
bee the gap between the science and the guidelines, but also between guidelines and 
practice.. Our observation suggests that this last gap may be narrowed by specifying 
thee guidelines in more detail, especially when defining the transient or treatable 
naturee of the condition causing OHCA from VF. 
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ABSTRACT T 

Objective e 
Thiss prospective cohort study evaluated the impact of the time related elements of the 

"chainn of survival" on the quality of life of survivors, taking the patient characteris-

ticss into account. 

Methods s 
Inn Amsterdam and surroundings, between 1995 and 2002, consecutive out-of-hospital 

cardiacc arrest survivors were included. A total of 227 (12%) patients survived to 

hospitall  discharge and 174 were definitive survivors, available for assessment at 6 

months.. Quality of life was measured with the 136-item Sickness Impact Profile 

(SIP);; cognitive functioning was assessed through the Mini Mental State 

Examination.. SIP profiles were compared to profiles of an open Dutch population of 

elderlyy and of patients after stroke. Time intervals of the "chain of survival" were 

calculatedd from the estimated moment of the collapse and related to the outcome using 

regressionn analysis. 

Results s 
Thee SIP profile of survivors was a littl e above reference profile, indicating a slightly 
poorerr quality of life, and below the profile of patients after stroke, indicating a better 
qualityy of life. Impaired cognitive function was associated with delay in the start of 
CPRR (odds ratio 4.3, 95% CI 1.0-19). Absence of the need for advanced cardioplmonary 
lif ee support was associated with better cognitive functioning (odds ratio 0.3, 95% CI 
0.1-0.9).. Female gender and higher age were associated with impaired physical func-
tioning.. Trends were found for better quality of life outcomes after early access, 
immediatee resuscitation, early defibrillation, and early advanced care. 

Conclusions s 

Survivorss of cardiac arrest have a relatively good quality of life. 

Largee improvements in the "chain of survival" might result in improved outcomes 

afterr out-of-hospital cardiac arrest. 



INTRODUCTION N 

Thee interventions that contribute to a successful outcome after a cardiac arrest can be 
describedd as the "chain of survival". The four links in this chain are: rapid access to 
thee emergency medical system, cardiopulmonary resuscitation (CPR), defibrillation 
andd advanced cardiopulmonary life support (ACLS) [1]. There is ample evidence of 
thee impact of the functioning of the "chain of survival" on survival of out-of-hospital 
cardiacc arrest. Especially early defibrillation has emerged as the single most important 
interventionn [2-5]. The question remains if improvements in the "chain of survival" 
alsoo lead to additional quality of lif e benefit in those who survive. The purpose of 
thiss study was to investigate injury after out-of-hospital cardiac arrest, and to which 
extentt the quality of the "chain of survival" was associated with the quality of life of 
thee survivors, when the patients' characteristics are taken into account. 

METHOD S S 

Studyy design 

Thee study was carried out in Amsterdam and its vicinity. The emergency medical 
systemsystem served a population of 1.6 million inhabitants. In two time periods (between 155 

Junee 1995 to August 1997 and between January 2000 to January 2002) data of all 
patientss in out-of-hospital cardiac arrests, identified by the dispatch center were collect-
ed.. During the first period, the emergency medical system consisted of ambulances 
equippedd with manual defibrillators and manned with a team qualified to perform 
ACLS.. In the second period, the system was strengthened with first responders (poli-
cee and fire fighters), equipped with automated external defibrillators responding to 
cardiacc arrests in parts of the study area. During the two periods, research personnel 
weree alarmed by the dispatch center and attended each cardiac arrest. Data from the 
scenee up to hospital admission were prospectively collected according the Utstein 
stylee [6]. This analysis included all consecutive survivors of out-of-hospital cardiac 
arrestt (age >18 years) discharged alive from the hospital. 

Outcomee measures 

Survivorss were interviewed at home at least 3 months after discharge, to allow for a 

sufficientt period to recover. Quality of life and cognitive functioning were evaluated. 

Thee questionnaires were selected by their psychometric properties and were used in 

otherr CPR studies [7-9]. Quality of life was measured with the 136-item self-reporting 

Sicknesss Impact profile (SIP) with 12 subscales and 2 aggregated sub dimensions 
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(physicall  and psychosocial health) [10]. SIP scores ranged from 0 to 100, higher 
scoress indicated a worse quality of life. Patients were arbitrarily classified as physical 
andd psychosocial impaired when they exceeded more than 1 Z-score from the sample 
meann (Z score individual patient score - sample mean/SD sample mean). Cognitive 
functioningg was assessed with the 30-item Mini Mental State Examination (MMSE). 
Patientss were classified as cognitive impaired at a cut-off score of <23 [11]. The level 
off  independence was assessed with the Rankin scale [12]. Following the Utstein 
recommendations,, patients were classified according the Overall and Cerebral 
Performancee Categories [13]. Patients who could not respond to the questionnaires, 
becausee of poor cognitive functioning, were assessed through interviews with their 
closee relatives using a proxy-version of the SIP. There is no proxy assessment for the 
MMSEE and therefore these non-communicative patients were classified as cognitive 
impaired. . 

Patientt  characteristics and definitions 
Dataa of co-morbidity prior to the out-of-hospital cardiac arrest were collected from the 
medicall  records of the hospital and the patients' general practitioner, who had a full 
recordd on the patients' medical history. Co-morbidity was categorized into no co-

1 566 morbidity, cardiac, non-cardiac or both using the International Classification of 
Diseasess -9th revision codes. A shockable initial rhythm was defined as ventricular 
fibrillationn or ventricular tachycardia as the first recorded rhythm. The duration of the 
cardiacc arrest was defined as the time interval from collapse to the definitive return of 
spontaneouss circulation. 

Processs characteristics and definitions 
Thee emergency medical system process data were described according the "chain of 
survival".. The time intervals were calculated from the estimated moment of the col-
lapse:: to the call to the dispatch center, to CPR, to the first defibrillation, and to 
ACLSS (endotracheal intubation and/or intravenous medication). When a patient had 
collapsedd after the call and in presence of the emergency medical system personnel, 
thiss was coded as 'emergency medical system witnessed'. When return of spontaneous 
circulationn and spontaneous ventilation occurred before ACLS was undertaken, this 
wass defined as 'ACLS not needed'. 

Ethics s 
Medicall  ethics committees of all participating institutes approved the study; patients 
andd relatives gave informed consent for use of patient data and for in-depth testing 



sessionss for assessment of quality of life. 

Statisticall  analysis 
Too express the health state of the out-of-hospital cardiac arrest survivors and possible 
harmm related to the resuscitation, we contrasted the SIP scores of our study group 
withh a population with a known seriously impaired quality of life (stroke patients of 
aboutt the same age) [14], and with a general Dutch open population of elderly 
(rangingg from 61-75 years) [15]. The scores of the open population were set to zero 
usingg D-transformation (SIP mean score of out-of-hospital cardiac arrest group - SIP 
meann score of open population/SD SIP score of open population). 
Continuouss time variables were made categorical (dummy coded), taking the distribu-
tionn and medical relevance into account. To express the impact of patient characteris-
ticss and time related dynamics of the "chain of survival" on the quality of survival, 
wee entered categorical variables such as gender, age, and the time variables in separate 
logisticc regression models using impaired cognitive functioning (MMSE <23), physi-
call  and psychosocial functioning (SIP Z score >1) as dependent variables. To estimate 
thee independent effect of patient characteristics in conjunction with the time variables 
onn cognitive physical and psychosocial functioning after survival, we used multivari-
atee logistic regression (backward elimination) with the MMSE and SIP scores as 157 
dependentt variable. Because of anticipated small subgroups, we used liberal entry and 
removall  criteria, p <0.20 and p >0.10 respectively. The effect sizes were expressed as 
oddss ratios and their 95% confidence intervals. A p-value of less than 0.05 was 
consideredd statistically significant. Analyses were performed using SPSS 10 for the 
Applee Macintosh. 

RESULTS S 

Studyy population 
Duringg the study period, 1868 patients underwent resuscitation, 566 patients (30%) 
initiallyy survived to hospital admission, 227 patients (12%) survived to hospital dis-
charge.. Eighteen/227 patients (8%) died after discharge and before the interview. The 
mediann Overall Performance Categories score of the 18 patients who died prior to the 
interview,, obtained at the moment of hospital discharge, was 2 and the median 
Cerebrall  Performance Categories score was 1. Seven/227 patients (3%) were <18 years 
off  age and excluded, 2 patients had insufficient mastery of the Dutch language, 1 
patientt lived abroad, and 10/227 (4%) were lost to follow-up. At follow-up, 15 
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survivorss refused to participate, 8 of whom reported a good health; one a bad health 

andd 6 refused to answer any questions on their current health. Eventually, 174 

survivorss were interviewed for this study. The median time from the cardiac arrest to 

thee interview was 7 months (range: 4-20 months). 

Patientt  characteristics 
Off  the 174 interviewed survivors, 169 were Caucasian (97%), 142 were male (82%), 

andd their mean age was 62 years (SD 12 years). Thirty percent of the survivors had 

noo previous co-morbidity. Of those with co-morbidity, 60% had cardiac co-morbidity 

andd 10% had only non-cardiac co-morbidity. The median cardiac arrest duration (time 

fromm collapse to the return of spontaneous circulation) was 10 minutes (ranging from 

11 to 28 minutes). 

Functionall  outcome 
Seventy-sevenn percent of the survivors were independent from the help of others 

(Rankinn scale <2). Impaired physical functioning was found in 26/174 survivors 

(15%),, 22 survivors (13%) had impaired psychosocial functioning and 27 survivors 

(16%)) had signs of impaired cognitive functioning (Mini Mental State Examination 

scoree <23). Forty-four percent (12/27) of those with signs of impaired cognitive 

functioningg had also impaired physical and psychosocial functioning. 

Thee median Overall and Cerebral Performance Categories score of the 174 survivors 

wass 1, 16 survivors (9%) had a Cerebral Performance Categories score of >3 indica-

tingg poor cerebral performance and 21 survivors (12%) had a Overall Performance 

Categoriess score of >3 indicating poor overall performance. 

Qualit yy of Lif e compared to other  patient populations (Figure 1) 
Comparingg the quality of life profile of survivors after out-of-hospital cardiac arrest 

withh other populations, the survivors profile was moderately above the open Dutch 

populationn of elderly, indicating a slightly to moderate poorer quality of life (Figure 

1).. The mean SIP-scores of the 3 groups are shown in table 1. 
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Figuree 1. 
SIPss after D-transformation (deviation from the reference data) comparing patients after stroke and out-
of-hospitall  cardiac arrest. The reference data are from an open population of Dutch elderly (zero 
score).. This graph demonstrates that all SIP scores of the out-of-hospital cardiac arrest survivors fall 
withinn one standard score of the scores of the open population, indicating a slightly to at worst a moderate 
poorerr quality of life. All SIP scores of patients after stroke deviate more than one standard score from 
thee open population, indicating an at least considerable worse quality of life. 

Tablee 1. The mean SIP scores lor  the 3 different populations 

Totall  SIP score, mean D 

Physicall  SIP score, mean D 

Psychosociall  SIP score, mean D 

Openn population of 

elderly y 

5.00 4 

5.22 4 

3.55 2 

Afterr  OHCA 

13.11 1 

10.11 4 

11.44 9 

Afterr  stroke 

18.8 8 

19.7 7 

16.9 9 

SIPP denotes Sickness Impact Profile, SD denotes standard deviation, OHCA denotes out-of-hospital 
cardiacc arrest. 
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Patientt  characteristics related to cognitive, physical and psychosocial functio-
ningg (Figure 2) 
Higherr age was not significantly associated with an impaired cognitive, physical and 
psychosociall  functioning, but a trend was observed towards worse physical functioning 
withh advancing age. Eighteen percent of the survivors was female, and was significant 
associatedd with an impaired physical functioning (odds ratio 3.6, 95% CI 1.4-8.9), but 
nott with cognitive and psychosocial functioning. The presence of co-morbidity did not 
significantlyy affect the cognitive and physical and psychosocial functioning. 
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Figuree 2. 
Patientt characteristics of survivors related to cognitive, physical and psychosocial functioning (odds ratios 
andd 95% confidence intervals). The presented odds ratios show the odds of impaired outcome for each 
characteristicc compared with the odds of impaired outcome of the reference group of that particularly 
characteristic.. Impaired cognitive functioning was defined as Mini Mental State Examination <23, physi-
call  and psychosocial impaired functioning as a Z score >1 for that dimension in the SIP. MMSE denotes 
Minii  Mental State Examination, Ref. denotes Reference group, SIP denotes Sickness Impact Profile. 

Chainn of survival related to physical, psychosocial and cognitive functioning (Figure 3) 
Twenty-ninee percent of the calls to the dispatch center occurred before the collapse and 
concernedd conscious patients with severe complaints or symptoms. In these cases the 
ambulancee was already moving or present at onset of the cardiac arrest (Figure 3, 
Earlyy access, emergency medical system witnessed). A trend could be observed 
towardss lower odds ratios (better functioning) for cognitive, physical and psychologi-
call  functioning when ambulance was moving or present and higher odds ratios (worse 
functioning)) were found with an increasing delay from collapse to call. CPR was 
performedd in 22% of the survivors by the ambulance immediately at the onset of the 



arrestt (Figure 3, early CPR, emergency medical system witnessed). CPR by the 
ambulancee personnel tended to be associated with better cognitive and psychosocial 
functioningg compared to immediate CPR by bystanders, while delayed CPR by 
bystanderss (> 1 minute after onset of arrest) tended to be associated with impaired 
cognitivee and physical functioning. There was no tendency for higher odds ratios 
(worsee functioning) with larger delays in the start of CPR. Survivors with an initial 
non-shockablee rhythm had no better or worse functioning than patients found in a 
shockablee rhythm. Delayed defibrillation (over 6 minutes after the collapse) tended to 
bee associated with impaired functioning, though this was not statistically significant. 
ACLSS was not needed in 33% of the survivors. Of these, 59% were emergency medi-
call  system witnessed. The median time to CPR and to shock in these patients was 
onlyy 1 and 4 minutes, respectively, which was significantly shorter than for the 
remainingg patients who needed ACLS (respectively 2 and 10 minutes, p <0.001). 
Thee absence of the need of ACLS was associated with a significant better cognitive 
functioningg (odds ratio 0.3, 95% CI 0.1-0.9) and with a trend towards a better physi-
call  and psychosocial functioning. Delayed ACLS (>7 minutes after the collapse) was 
associatedd with a trend towards an impaired physical and psychosocial functioning. 

Independentt  impact of patient and process characteristics on physical, psycho-
sociall  and cognitive functioning 
Alll  patient and process characteristics with a p-value <0.20 were entered into logistic 

regressionn models with cognitive, physical and psychosocial functioning as dependent 

variable.. Impaired cognitive functioning was associated with delay in the start of 

CPR.. Impaired physical functioning was associated with advancing age (71-80 years: 

oddss ratio 5.4, 95% CI 1.2-29.5, >80 years: odds ratio 9.4, 95% CI 1.2-72.0) and by 

femalee gender (odds ratio 4.0, 95% CI 1.2-13.3). An association between impaired 

psychosociall  functioning and one of the patient- and process characteristics was not 

found.. Sensitivity analysis with different cut-off values for good/poor cognitive, 

physicall  or psychosocial functioning did not yield statistically different results. In a 

subgroupp analysis of patients with a shockable initial rhythm, we could not demon-

stratee that the time to defibrillation had a statistically independent effect on cognitive 

functioning,, physical functioning and psychosocial functioning. Regression analysis 

showedd no group difference with regard to the two study periods. 
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Figuree 3. 
Thee links of the "chain of survival" related to cognitive, physical and psychosocial functioning of survi-
vorss of out-of-hospital cardiac arrest (odds ratios and 95% confidence intervals). The presented odds 
ratioss show the odds of impaired outcome for each characteristic compared to the odds of impaired out-
comee of the reference group of that particular characteristic. Impaired cognitive functioning was defined 
ass Mini Mental State Examination <23. physical and psychosocial impaired functioning as Z score >1 for 
thatt dimension in the SIP. ACLS denotes Advanced Cardiopulmonary Life Support, CPR denotes 
Cardiopulmonaryy Resuscitation, MMSE denotes Mini Mental State Examination, Ref. denotes Reference 
group.. SIP denotes Sickness Impact Profile. 

DISCUSSION N 

Thiss study demonstrated that the final outcome of out-of-hospital cardiac arrest in 
termss of quality of life and cognitive functioning is acceptable in general. Most 
(77%)) of the survivors were independent from help of others. Female gender was 
foundd to be independently associated with worse physical functioning, which is 
observedd in other studies, especially concerning domains of physical functioning [16]. 
Wee found a limited relation between the time related dynamics of the "chain of survi-
val""  and the cognitive, physical and psychosocial functioning of the survivors. 
However,, this relation could be demonstrated clearly between the early start of CPR 



andd better cognitive functioning. There is a common clinical belief that long time delays 

inn links of the "chain of survival" cause death and induce a poor quality of life. Such a 

distinctt relation between the "chain of survival" and the quality of survival is not sup-

portedd by our study results. Time related aspects of the "chain of survival" did not have 

aa uniform effect on all 3 dimensions of quality of survival. Complex patterns were 

found.. The univariate analysis suggested that early access; early CPR and early defibril-

lationn resulted in a better cognitive, physical and psychosocial functioning. An important 

observationn of our study was that extreme delays were not associated with poorer func-

tioningg than moderate delays. The absence of the need for ACLS interventions led to 

significantt better cognitive outcome. These patients had a significant shorter delay to 

CPRR and shock delivery. In turn, the delayed ACLS did not imply a poor neurological 

outcomee per se; 63% of the patients who received delayed ACLS were neurological un-

impaired.. A possible explanation for this observation could be that damage occurs soon 

afterr the cardiac arrest and that extended delays do not increase harm. This would imply 

thatt only extreme enhancements in the time related dynamics of the "chain of survival" 

mightt lead to improved health outcomes. A more likely explanation for the study results 

iss that some patients may have received CPR with a higher quality than others, thereby 

allowingg longer delays to the next link in the "chain of survival". 

Thee interval between cardiac arrest and the assessment (median 7 months) may have 

resultedd in the "survival of the fittest" [17]. However, we calculated Overall and Cerebral 

Performancee Categories scores from the medical records at the moment of hospital 

dischargee of the survivors who died before the assessment, and their cerebral and overall 

statuss was good. We choose not to assess the health outcomes earlier, since it is essential 

too allow patients to recover and we believe that this achieved health state is the most 

relevant.. For the survivors lost to follow-up (n=10), we carried out a thorough search. 

Wee believe that they were alive and not living in a nursing home, because this requires a 

civill  and insurance registration. Of the patients who refused to take part in the study, we 

reportedd that at least half of this group was in good health. Non-communicative 

participatingg survivors were assessed through their proxies and their data were included 

inn the study. There is no reason to believe that our study is biased towards too 

optimisticc outcomes. 
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ABSTRACT T 

Background d 

Thee huge importance of rapid provision of care, especially of early defibrillation, for 
survivall  of out-of-hospital cardiac arrest (OHCA) is well known. This prospective 
cohortt study investigates cognitive functioning of OHCA survivors in relation to the 
timee related elements of the resuscitation. 

Methods s 

Fifty-sevenn consecutive survivors from a cohort of 308 witnessed OHCA patients 
withh VF as initial rhythm, underwent extensive neuropsychological examination, 
includingg tests of memory, attention and executive functioning, six months after the 
resuscitation.. Time-related aspects of the resuscitation were collected on scene. 
Cognitivee functioning was studied in relation to the administration of CPR prior to 
ambulancee arrival, time from collapse to start of CPR, to defibrillation and to return 
off  spontaneous circulation (ROSC). 

Results s 

Dependingg of the test, between 11 and 28% of survivors were cognitively impaired, 
andd 58% scored unimpaired for all tests. Daily life activities were limited in 19% of 
thee patients. Patients who received CPR prior to arrival of the ambulance showed a 
trendd towards overall better cognitive functioning and had significant better immedi-
atee memory and visuomotor tracking (p=0.03 and p <0.01). We found a weak 
correlationn between the time to CPR, time to shock or time to ROSC and cognitive 
functioning. . 

Conclusions s 

Thee majority of survivors of OHCA with VF as initial rhythm are cognitively un-
impaired.. Long delays to ROSC are compatible with good cognitive outcome. 
Initiationn and cessation of resuscitation efforts should not be based on the duration of 
circulatoryy arrest. 



INTRODUCTIO N N 

Rapidd provision of care for patients in out-of-hospital cardiac arrest (OHCA) has 

provenn to have a large impact on survival, in particular the early initiation of cardio-

pulmonaryy resuscitation (CPR) and the provision of early defibrillation [1-4]. 

Resuscitationn can only be considered successful if the survivor has no disabling 

cognitivee function. There is great concern to do more harm than good and this may 

influencee the decision whether to start and when to stop the resuscitation efforts. The 

impactt of the time to the start of CPR, the time to first shock and the duration on 

thee resuscitation on the cognitive functioning of those who survive is not well 

known.. The AHA/ILCOR guidelines state that with a duration of cardiac arrest of 

overr 8 to 10 minutes the frequency of significant, permanent neurological damage 

becomess unacceptably high [5]. Studies focusing on the neurological outcome after 

cardiacc arrest are limited and used crude indicators for neurological functioning, such 

ass the Overall Performance Category and the Cerebral Performance Category [2,6,7]. 

Dee Vos et al. did not find a relation between the duration of the resuscitation attempt 

andd cognitive function as assessed with a rather crude method, the Mini Mental State 

Examinationn [8,9]. Roine et al. described moderate to severe neuropsychological 

sequelaee in half of the survivors of OHCA, and could not demonstrate a relation 169 
betweenn delay to advanced life support and cognitive function [10]. Grubb et al 

studiedd only a single cognitive domain [11]. They observed that 37% of patients after 

OHCAA had an important impaired long-term memory and found that memory scores 

weree inversely correlated with the duration of the cardiac arrest. 

Wee prospectively studied the association between cognitive functioning assessed with 

ann extensive neuropsychological examination and the time related elements of the 

resuscitationn attempt. Our hypothesis was that there is an association between these 

timee elements and the cognitive functioning of OHCA survivors. 

METHOD S S 

Studyy Population 

Wee performed a prospective cohort study in survivors of OHCA. Between January 

20000 and January 2002 data of all consecutive patients in cardiac arrest in the study 

areaa (the city of Amsterdam and surrounding areas including 1.6 million inhabitants), 

identifiedd by the emergency medical system (EMS) dispatch center were collected. 

Thee EMS consisted of first responders (police and fire fighters) with an AED and 
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ambulancess with a manual defibrillator and manned with a team qualified to perform 

advancedd cardiopulmonary life support (ACLS). 

Includedd were patients with a witnessed cardiac arrest and VF (disorganized rhythm, 

withh a median amplitude of >100 |iV) as initial rhythm who survived to hospital 

discharge.. Excluded were patients whose cardiac arrest was witnessed by the EMS, 

patientss below the age of 18 years and patients with a clearly impaired cognitive 

functionn prior to the collapse. 

Patientss and cardiac arrest characteristics 
Dedicatedd data collectors, alarmed shortly after the ambulance, collected data on the 
cardiacc arrest on scene. Data were obtained on the estimated moment of collapse, 
presencee of witnesses and administration of bystander CPR, by directly interviewing 
alll  persons involved immediately after the event. Data on cardiac rhythm and critical 
timee events registered by the AEDs and manual defibrillators were downloaded into a 
laptopp on the scene. Deviations of internal clocks were corrected by comparison with 
radio-controlledd wristwatches. The time to CPR was defined as the interval from the 
estimatedd moment of the collapse to the first start of CPR performed by bystanders, 
firstt responders or ambulance personnel. Time to shock was defined as the interval 
fromm the estimated moment of the collapse to the first shock, delivered by first 
responderss with an AED or by the ambulance using a manual defibrillator. Time to 
thee return of spontaneous circulation (ROSC) was the interval from the estimated 
momentt of the collapse to the return of a palpable pulse for at least 15 seconds. 

Outcome::  Assessment of cognitive function 
Ann experienced research nurse interviewed survivors at home, scheduled 6 months 

afterr the resuscitation. The neuropsychological examination included tests of memory, 

attentionn and executive functioning [12], especially selected to detect subtle damage 

followingg an ischaemic cerebral event. 

Immediatee and delayed memory 
Immediatee and delayed memory was tested with the Rey's Auditory Verbal Learning 

Testt (AVLT) . To test immediate memory the patient had to memorize a sequence of 

155 words in five learning trials. To test delayed memory the patient was asked to 

recalll  the word list, after a 20-min delay. 



Selectivee attention and response inhibitio n 
Thee Stroop Color Word Test measured perceptual interference, response inhibition, 
andd selective attention and consisted of three test cards. With card 1 the patient had to 
readd aloud words from a card containing 100 words stating "yellow", "red", "blue" 
andd "green" written in black ink. With card 2, the patient had to name the color 
(againn yellow, red, blue or green) of a rectangle from a card containing 100 colored 
rectangles.. With card 3, the patient was asked to name the color of ink of 100 words 
whenn the words are printed in mismatching colored ink. The score of each card was 
timee to completion in seconds. 

Dividedd attention, mental flexibility  and motor  speed 
Traill  making A and B was a two-part test of visual scanning, visuomotor and concep-
tuall  tracking, divided attention and mental flexibility , and motor speed. In part A, the 
patientt was asked to connect numbers on a sheet of paper. In part B, the patient had 
too connect numbers alternating with letters on a sheet of paper. The score was time to 
completionn in seconds. 

Verball  fluency 

Thee Controlled Oral Word Association Test tested verbal fluency. In one minute the 171 
patientt had to say as many words as possible that begin with a given letter. Three 
trialss with different letters were performed. 

Levell  of independence 

Too give a general indication of the patients' level of independence the 6-point observ-

err rated Rankin scale [13] was used, scored by the research nurse after performing the 

neuropsychologicall  examination, ranging from no symptoms to total dependency. 

Ethics s 

Medicall  ethics committees from participating hospitals and EMS approved the study. 

Informedd consent was obtained from the patients post resuscitation. 

Statisticall  methods 

Timee intervals were expressed in medians and range. Raw scores for the neuropsycho-

logicall  test outcomes were converted to residual scores by subtracting the expected 

scoree (based on Dutch normative sample data adjusted for age, gender and education). 

Z-scoree transformation of the residual score of all cognitive tests was performed. Poor 

testt result was defined as a Z-score of < -2 (2 SD below the Dutch normative sample 
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mean).. From a few patients some test results could not be obtained because their 

cognitivee functioning was too poor to perform the test. In the analysis the scores of 

thesee patients were set to a score of -2 SD below the study population mean, 

indicatingg very poor outcome. 

Whetherr or not CPR was applied before arrival of the ambulance was associated with 

thee cognitive outcomes using Student's t-test. The process characteristics: time inter-

valss from collapse to CPR, to shock and to ROSC, were related with the cognitive 

function,, by using linear regression models. The strength of the relationship was 

expressedd in partially explained variances (partial R2). The total explained variance 

wass calculated by summarizing the partial R2s. Statistical significance was set at a 

two-sidedd p-value of <0.05. All statistics were performed in SPSS 10.0 for the Apple 

Macintosh. . 

RESULTS S 

Duringg the study period 308 patients had a witnessed cardiac arrest with VF as initial 

rhythm,, and 72 patients survived to hospital discharge (23%). Ten patients were 

excludedd from the analysis: two survivors were cognitively impaired prior to the col-

lapse,, (one patients with dementia and one with schizophrenia), six survivors died 

afterr discharge and before the examination took place, one had insufficient mastery of 

thee Dutch language, and one lived abroad. Five patients refused to participate in the 

examination,, two of which stated to have a good condition, and three refused answe-

ringg questions on their health condition. Neuropsychological examination could there-

foree be performed in 57 patients. The median time from cardiac arrest to examination 

wass 6 months (interquartile range: 5-7 months). 

Al ll  patients who were tested were independent in daily life prior to the cardiac arrest. 

Theirr mean age was 63 years (SD 12 years), the majority was male (82%) and about 

halff  of the patients had 6-12 years of education. In half of the patient group, CPR 

wass started within 2 minutes after the collapse. Half of the patients received the first 

shockk within 10 minutes and half had ROSC within 15 minutes after the collapse. 



Tablee I . Patient and process characteristics 

Characteristic c 

Age,, years, mean D 

Gender,, n (%) 

Female e 

Male e 

Education,, n (%) 

<< 6 years 

6-122 years 

>> 12 years 

CPR,, n (%) 

CPRR started after ambulance arrival 

Bystanderss CPR 

First-responderr CPR 

Timee intervals in minutes, median (range) 

Collapsee to start CPR 

Collapsee to first shock 

Collapsee to ROSC 

N=57 7 

633 2 

10(18) ) 

477 (82) 

10(18) ) 

322 (56) 

155 (26) 

8(14) ) 

366 (63) 

133 (23) 

22 (0-14) 

100 (3-19) 

155 (6-37) 

CPRR denotes cardiopulmonary resuscitation 
ROSCC denotes return of spontaneous circulation 173 3 

Assessmentt  of function six months after  resuscitation 
Dailyy life after the cardiac arrest was littl e or not limited in 46 patients (81%, Rankin 
scoress <2). Seven patients (12%) had restrictions in daily life, but were able to take 
caree of themselves (Rankin score 3). Four patients (7%) were partially or totally 
dependentt on others (Rankin score >4). 

Betweenn 11 and 28% of the patients were found to be impaired in cognitive function-
ing,, depending on the test (Table 2). The test results of the studied population fell 
statisticallyy significantly below the normative sample data for almost all tests. 
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Tablee 2. Neuropsychological test performance of the 57 assessed survivors of out-of-hospital 
cardiacc arrest 

Cognitivee domain 

Selectivee attention and 

responsee inhibition 

Testt Raw test outcome Mean Z- % Impaired* 

mediann (range) scores ) 

Stroopp Card 1, s 57(35-183) -1.3 t 23 

Stroopp Card 2, s 74(50-216) t 19 

Stroopp Card 3, s 159(79-439) -1.2 t 28 

Dividedd attention, mental Trail making A, s 55(17-414) -0.8 t 16 

flexibilityflexibility  and motor speed Trail making B, s 105(43-368) -0.1 ) 11 

Immediatee and delayed Rey's AVLT immediate 28(3-53) t 19 

memoryy Rey's AVLT delayed recall 5(0-13) t 12 

Verball  fluency Controlledd Oral Word 22 (3-52) 

Associationn Test 
-1.2(l. l)f f 21 1 

**  Z-score of < -2 (>2 SD below the Dutch normative sample mean) 
tt Z-scores were significantly below normative values, s denotes seconds, AVLT denotes Auditory Verbal 
Learningg Test. 

1744 Process characteristics explaining neuropsychological test outcome 
Receivingg CPR before the arrival of the ambulance resulted in a trend to a better 
cognitivee performance. The difference was statistically significant for immediate 
memoryy and Trail making A (Figure 1). 

Timee to CPR, time to shock and time to ROSC turned out to be all poorly correlated 
too the cognitive function, as indicated by the low partial R2. Together these indicators 
off  duration of cerebral ischaemia could only explain littl e of the patients' cognitive 
outcomee (low total R2) (Table 3). None of the factors were statistically significant. 
Too gain more insight in the lack of correlation, as an example we plotted the time 
intervall  from collapse to CPR, to shock and to ROSC to the residual scores of the 
Rey'ss AVLT immediate memory test. 
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Figuree 1. Impact of CPR prior to ambulance arrival on cognitive functioning. 
Thiss figure shows the comparison of the test outcome between patients who did not and patients who did 
receivee CPR before ambulance arrival. The dots represent the mean difference in residual score 
(correctedd for age, gender and education) between patients who did not receive CPR prior to ambulance 
arrivall  (N=8) and patients who did receive CPR prior to ambulance arrival (N=49). The lines represent 
95%% confidence intervals around the point estimate. This graph shows a trend to a worse cognitive 
functionn for those patients who did not receive CPR. The difference was significant for the immediate 
recognition,, immediate recall and visuomotor tracking (Trail making A). 
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Tablee 3. Independent patient and process characteristics explaining the neuropsychological test out-
come,, corrected for  age, gender  and education using linear  regression analysis. 

Test t 

Stroopp Card 1 

Stroopp Card 2 

Stroopp Card 3 

Traill  making A 

Traill  making B 

Rey'ss AVLT immediate 

Rey'ss AVLT delayed recall 

Verball  fluency 

Timee to CPR 

Partiall  R2 

0.2% % 

0% % 

0% % 

2.2% % 

0.4% % 

2.2% % 

0.9% % 

0.5% % 

Timee to shock 

Partiall  R2 

1.4% % 

0.5% % 

0.6% % 

0.9% % 

8.4% % 

0.9% % 

1.0% % 

3.5% % 

Timee to ROSC* 

Partiall  R2 

0% % 

0% % 

0.5% % 

1.1% % 

0.1% % 

1.1% % 

1.8% % 

0.2% % 

Total l 

1.6% % 

0.5% % 

1.1% % 

4.2% % 

8.9% % 

4.2% % 

3.7% % 

4.2% % 

176 6 

*Timee intervals from the moment of collapse in minutes. 
CPRR denotes cardiopulmonary resuscitation, ROSC denotes return of spontaneous circulation, and AVLT 
denotess Auditory Verbal Learning Test. 

Figuree 2. Scatter plots relating the duration of ischacmia to performance on the test for immediate memory. 
Thesee plots show the correlation between the time to CPR (2A), time to shock (2B) and time to the return 
off  spontaneous circulation (2C) and the immediate memory. On the Y-axis of the three plots, the residual 
scoree of the Rey's AVLT immediate recall test (adjusted for age, gender and education) is shown. 
AA residual score below zero means a performance below the adjusted sample mean. Impaired 
performancee was defined as a test outcome of >2 SD below the Dutch sample mean. 
Figuree 2a shows the scatter and the regression line between the time-interval from collapse to the start of 
CPRR and immediate memory. The poorest immediate memory can be found in patients with only 2 minutes 
delayy up to 9.5 minutes delay to the start of CPR, as well as good performance in patients with a long 
delayy of 11 and 14 minutes. 
Figuree 2b shows the scatter and the regression line between the time-interval from collapse to the delivery 
off  the first shock and the immediate memory. Poor immediate memory was found in patients with a delay 
off  9 and 14 minutes to the first shock, both good and poor performance can be observed after long delays 
off  over 15 minutes. 
Figuree 2c shows the scatter and the regression line between the time-interval from collapse to the return 
off  spontaneous circulation and immediate memory. Poor performance is shown in patients with ROSC just 
afterr 10 minutes and reasonably good performance in patients with a delay to ROSC of 30 minutes. 
AVL TT denotes Auditory Verbal Learning Test. 
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Too assess the cognitive damage in relation to the time to ROSC, we calculated the 
numberr of impaired test outcomes per patient (in total 8 tests) and divided the 
patientss in 3 intervals of time to ROSC (Table 4). No patients with ROSC within 10 
minutess were impaired in more than two tests, but still over 50% of patients with 
ROSCC later than 10 minutes scored unimpaired in all tests. There was a reasonable 
agreementt between the number of tests with an impaired score and the patients' level 
off  dependency (Spearman correlation 0.58, p <0.001). All 4 patients who were 
partiallyy or totally dependent on others (Rankin score >4) had an impaired score for 3 
orr more tests, while in 94% of the patients with no impaired test outcomes, daily life 
wass littl e or not limited (Rankin score 0-2) (Table 5). 
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Tablee 4. Number  of neuropsychological tests with impaired score per  patient related to three time 
intervalss between collapse and ROSC 

Numberr of tests with 

impaired**  score, (%) 

0 0 

1 1 

2 2 

>3 3 

T im ee in te rva l fro m co l l apse to ROSC 

<< 10 minutes 

n=14 4 

99 (64%) 

22 (14%) 

33 (21%) 

0 0 

10-200 minutes 

n=31 1 

177 (55%) 

33 (10%) 

11 (3%) 

100 (32%) 

>200 minutes 

n=12 2 

77 (58%) 

11 (8%) 

0 0 

44 (33%) 

**  Z-score of < -2 (>2 SD below the Dutch normative sample mean) 
ROSCC denotes the return of a spontaneous circulation 

Tablee 5. Number  of impaired test outcomes in relation to the Rankin score 

Rankinn score 

0=noo symptoms 

1== minor symptoms, no interference with daily life 

2== some restriction in daily lif e but independent 

3== symptoms that preclude a total independent existence 

4== dependent existence, but constant attention is not needed 

5== a totally dependent patient requiring constant attention 

dayy and night. 

Numberr of tests with impaired outcome* 

0 0 

n=33 3 

2 2 

17 7 

12 2 

2 2 

0 0 

0 0 

1-2 2 

n=10 0 

0 0 

5 5 

4 4 

1 1 

0 0 

0 0 

>3 3 

n=14 4 

0 0 

0 0 

5 5 

5 5 

4 4 

0 0 

**  Z-score of < -2 (>2 SD below the Dutch normative sample mean) 
ROSCC denotes the return of a spontaneous circulation 



DISCUSSION N 

Thiss study showed that at least some cognitive impairment is frequently observed 
amongg survivors of cardiac arrest. Using sensitive assessment of different cognitive 
domainss we found between 11 and 28% of the patient impaired in the individual 
tests,, while 58% of the patients was unimpaired in all tests. Nineteen percent of the 
survivorss experienced some functional restrictions in daily life, while 7% was 
completelyy dependent on others. The performance of CPR had a positive influence on 
cognitivee functioning, whereas we found littl e relation between the time of onset of 
CPRR and this functioning. Likewise, there was limited impact of delayed defibril-
lationn on cognitive functioning. Good cognitive function was observed after long 
delayss to CPR, to defibrillation and to ROSC. In an earlier study of memory after 
cardiacc arrest, in a larger population, an inverse relation between delay to defibril-
lationn and memory score was found [9], but a wide scatter was also visible with very 
goodd and very poor outcome at the same delays. An explanation for this unpredict-
ableable outcome could be a variable individual susceptibility for cerebral hypoxia and 
thee fact that some patients receive CPR with a higher quality than others, allowing a 
longerr delay to defibrillation and ROSC with littl e or no cognitive function impairment. 
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Limitation s s 
Wee excluded the two patients who were clearly impaired prior to the cardiac arrest. 

Nonee of the other patients had a condition prior to the arrest, which made us suspect 

aa pre-arrest cognitive impairment. Therefore, we believe that the cognitive impair-

ment,, when found, was attributable to the cardiac arrest. Cognitive performance 

decliness with advancing age for which we corrected the test results and severe neuro-

psychologicall  deficits are uncommon in the normal population (with our definition of 

impairment,, the prevalence in the population at large is about 1 %). We did not 

excludee patients who were unable to perform some of the tests because of severely 

impairedd cognitive function, but imputated their scores with a score of two times the 

standardd deviation below the average of our studied patients. 

Ourr study was confined to the majority of cardiac arrest survivors: survivors of 

witnessedd cardiac arrest with VF as initial rhythm, because only then the time 

intervall  from collapse to shock could be estimated. Patients in asystole or pulseless 

electricall  activity have a very low survival rate. One may expect a poorer cognitive 

functionn in the rare non-witnessed survivors. Our survival rate and time to shock is 

similarr to other reports [14-17] and there is no reason to believe that our results may 

nott apply to other witnessed OHCA survivors with VF as initial rhythm. 
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Clinicall  implications 
Ourr study indicates that CPR should be started in witnessed cardiac arrest regardless 

off  the duration of the collapse. Furthermore, late defibrillation does not imply a poor 

cognitivee outcome in those who do survive and should not be withheld. The 

ILCOR/AHAA guidelines of cardiopulmonary resuscitation state that if ROSC occurs 

afterr 8-10 minutes after the collapse, the frequency of significant, permanent neuro-

logicall  damage becomes unacceptably high [5]. What risk is unacceptable is highly 

subjective,, as is the qualification of the degree of cognitive damage. Although 

cognitivee outcome in patients with a time interval from collapse to ROSC of less than 

100 minutes seems acceptable for all patients, still 24 out of 43 patients (56%) with 

longerr delays than 10 minutes were unimpaired for all cognitive tests, which is 

associatedd with an independent existence. Based on our data of survivors, decisions 

onn cessation of resuscitation efforts should not be based on the duration of the 

resuscitationn attempt. 
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Inn this thesis, the effectiveness and efficiency of the automated external defibrillator 
(AED),, used by first responders in out-of-hospital cardiac arrest (OHCA), is analyzed. 
Furthermore,, potential limitations of the (use of) AEDs and the outcome of survivors 
off  OHCA are evaluated. 

Partt  I: Effectiveness of first responder  defibrillatio n 
Timee to defibrillation is the most important determinant of survival from cardiac 

arrest.. AEDs provide the opportunity for non-medical personnel to safely defibrillate 

patientss in OHCA. Chapter  2 describes the controlled clinical trial that was performed 

too test the hypothesis that AEDs used by police officers and fire fighters would 

resultt in higher discharge rates for OHCA. Included in this study were all consecutive 

patients,, with a witnessed cardiac arrest, in Amsterdam and surrounding regions, in 

whomm resuscitation was attempted. Randomization of the two treatment options was 

achievedd by systematic allocation of AEDs. In the experimental area, police patrol 

carss and fire engines were equipped with an AED. In the control area the police and 

firefire brigade only performed CPR. Every 4 months these areas were alternated. In the 

experimentall  area, 243 patients (65% in ventricular fibrillation (VF) were included 

andd in the control area, 226 patients (67% in VF) were included. The interval between 

collapsee and first shock was 668 and 769 seconds (median), respectively. The endpoints 

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

(15%)) patients were discharged (OR 1.3 (95% CI 0.8-2.2), 139 (57%) versus 108 

(48%)) patients had return of a spontaneous circulation (ROSC) (OR 1.5 (95% CI 1.0-

2.2),, 103 (42%) versus 74 (33%) patients were admitted (OR 1.5 (95% CI 1.1-1.6). 

Thee median delay from receipt of call to dispatch of the ambulance was 120 seconds 

andd to dispatch of the first responder 180 seconds. This study did not demonstrate a 

significantt difference in survival to hospital discharge after introduction of AEDs used 

byy first responders in a controlled program, though significantly more patients had 

ROSCC and were admitted to the hospital. Improved dispatch procedures could increase 

thee success of first responder AED programs. 

Chapterr  3 describes the health system costs of OHCA in relation to time to shock. 

Thiss study was performed to determine the health care resources used and related 

directt medical costs during the first half-year following OHCA in relation to time to 

shock.. Three hundred eight consecutive patients in witnessed OHCA with VF as initial 

rhythmm were included. Each patient's time to shock was estimated and assigned to 

onee of 3 categories: <7 minutes (early), 7-12 minutes (intermediate), and >12 minutes 

(late).. Incremental cost-effectiveness analysis was performed comparing scenarios of 

reductionn in time to shock to baseline of 2, 4 and 6 minutes. Six-month survival was 



22%.. The mean pre-, in- and post-hospital costs in the first half-year following OHCA 

weree €559, €6.870 and €666 per individual. On average, €28.636 was spent per 

survivorr and €2.384 per non-survivor. Among patients shocked early, 46% survived, 

averagingg €20.253, while 54% died, averaging €2.836. Of the intermediate group, 26% 

survived,, averaging €31.467, and 74% died, averaging €2.884. Among patients 

shockedd late, 13% survived, averaging €27.781, 87% died, averaging €1.859. The point 

estimatee of the incremental cost-effectiveness ratios for the scenarios in reduction of 

timee to shock of 2, 4 and 6 minutes compared to baseline was €17.508, €14.303 and 

€12.7088 per life saved, respectively. This study demonstrated that most costs were made 

in-hospital.. Costs per survivor were lowest with the shortest time to shock. Reducing 

thee time to defibrillation increases the health-care costs, but to an acceptable amount. 

Partt  II : Improvements in (the use of) the automated external defibrillato r 
Besidess the benefits of the use of the AED, this thesis also addresses the limitations of 

thee AED, possible improvements in (the use of) the AED and the evaluation of the 

trainingg in the use of the AED. 

Thee biphasic waveform is considered to be superior to the monophasic waveform in 

termss of efficacy and safety in termination of VF. The biphasic and monophasic wave-

formm had not been compared blinded in OHCA, where the time to first shock is 

considerablyy longer than in electrophysiology laboratory, internal defibrillators and in-

hospitall  cardiac arrest. In Chapter  4, a randomized and blinded comparison of mono-

phasicc damped sine (MDS) and biphasic truncated exponential (BTE) waveform AEDs 

inn OHCA is described. Forty MDS and 40 BTE AEDs were blinded and randomly 

assignedd to police cars and fire engines. In this study, between January 2000 and June 

2002,, all patients in witnessed cardiac arrest with VF as initial rhythm, who received 

theirr first shock from an AED by first responders, were included. Success of the first 

shockk was defined as removal of VF and the return of an organized rhythm within one 

minutee after the shock. Organized rhythm was defined as at least two QRS complexes 

withh an interval of less than 5 seconds. In total 120 patients could be included in the 

study.. Sixty-nine were shocked by a MDS AED and 51 were shocked by a BTE 

AED.Thee success rate of the 200 joule first shock was significantly higher for BTE 

thann for MDS shocks, 35/51 (69%) and 31/69 (45%), respectively (p=0.01). This 

studyy demonstrated that BTE-waveform AEDs provide significant higher rates of 

defibrillationn with the return of an organized rhythm in OHCA than MDS waveform 

AEDs,, but not increased survival. 

Inn Chapter  5, the interruption of CPR with the use of the AED is described. Animal 

andd human studies have shown the importance of CPR in the maintenance of blood 
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floww to preserve myocardial and cerebral viability. The protocol for the use of the 

AEDD calls for a period of "hands-off' time, during which no CPR can be performed. 

Forr this study, the ECG and voice recordings from the AED of 184 patients in 

OHCAA were analyzed. A palpable pulse was never present immediately after a shock 

andd ROSC was observed in 3 of 184 patients before arrival of the ambulance. 

Ultimately,, ROSC occurred in 87 of 184 patients. This study demonstrated that CPR 

wass performed only during 45% % (mean ) of the connection time. In 

patientss with an initial shockable rhythm, CPR was performed just during 36% 0 

off  the time. The main cause for this interruption time was the programmed inter-

ruptionn of the AED (rhythm analysis, charging, defibrillation and patient assessment 

ass guided by the voice prompts). However, important CPR time was also lost 

becausee of performance related interruptions (e.g. lack of confidence of pulse check). 

Theree are options to shorten the programmed hands-off time of the AED protocol. 

Forr example, with the use of filtering techniques, rhythm analysis can proceed 

withoutt interference by chest compressions artefacts. When an asystole or extreme 

bradycardiaa is detected, an attempt to check for pulse or signs of circulation could be 

skipped.. To shorten the performance related interruption time, the importance of 

continuouss CPR should be stressed during AED training. 

InIn Chapter  6, the role of VF recurrence during OHCA was described. Rhythm data 

off  322 OHCA patients with as initial rhythm VF were analyzed. Recurrence of VF 

occurss in the vast majority of patients. This study found the number of recurrences to 

bee another factor negatively associated with survival of OHCA. First responders with 

AEDss and paramedics with manual defibrillators acted differently when VF recurrence 

occurred.. The paramedics recognized VF recurrence quickly in most cases and 

deliveredd a second shock rapidly, but after 5 minutes they had delivered a shock in 

aboutt 85% of the recurrences. The AED shocked only 30% of the recurrences within 

11 minute and after 3.5 minutes all patients with recurrence had received a shock. 

Inn Chapter  7, the evaluation of the AED training program for first responders is 

described.. Training of 823 police officers was assessed. By means of CPR assessment 

att the beginning and at the end of the training, it was evaluated whether CPR could 

bee improved in a 3 hour AED course. By a combined CPR and AED assessment at the 

endd of the course it was evaluated whether AED skills could be sufficiently acquired. 

Thiss study showed that CPR-skills improved significantly and that 89% of the offi-

cerss were able to use an AED safely and effectively after the training. Furthermore, 

selfconfidencee and motivation increased over the course. Independent student charac-

teristicss explaining the success of the AED course were: previous CPR training, moti-

vationn before the course, and a resuscitation experience more than 12 months ago. 



Thee 3-hour AED course seemed adequate to train the majority of police officers in the 
usee of an AED, to refresh their CPR skills and to improve their motivation and self-
confidence. . 

Inn Chapter  8, the relation between the successful completion of the AED course and 
thee performance during a real resuscitation attempt is described. Sixty-seven resuscita-
tionn attempts by police officers with the use of the AED were evaluated and compared 
withh their training assessment. Results show that in 79% of the cases successful 
completionn of the course was associated with good performance during a resuscitation 
attempt.. In turn, a not successful completed course was still sometimes compatible 
withh good performance during a real attempt. This study showed that the successful 
completionn of an AED course is an indicator of good performance in the field. 
However,, it is by far no guarantee. Delays in the initiating of CPR, and time to first 
shockk are caused by stress and lack of self-confidence. New AED designs and voice 
andd visual prompts might be an important help in speeding up the initiation of an 
AEDD assisted resuscitation attempt and leaving less room for possible errors. 

Partt  III : Treatment and outcome after  out-of-hospital cardiac arrest 
Thee last part of the thesis focuses on the medical treatment and the outcome in terms 

off  quality of life and cognitive functioning after surviving OHCA. 187 
Inn Chapter  9, the clinical practice of internal-cardioverter-device (ICD) implantation 

wass compared with the guidelines in OHCA survivors. Of 70 consecutive survivors 

off  VF OHCA, discharged from 15 different hospitals in the study region, 18 patients 

hadd an ICD indication and received an ICD. In 13 patients, insufficient diagnostic 

work-upp was performed to decide on ICD implantation and two patients had an indi-

cationn but did not receive an ICD. From this study it was concluded that physicians 

shouldd be more aggressive in the evaluation concerning ICD implantation in OHCA 

patients.. In Chapter  10, the quality of life of survivors of OHCA was evaluated 

usingg the 136-items Sickness Impact Profile and cognitive functioning was assessed 

withh the Mini Mental State Examination (MMSE). Between June 1995 and January 

2002,, 174 consecutive survivors were included and tested, 6 months after the resusci-

tation.. This study showed that final outcome after OHCA is acceptable; most survi-

vorss are independent of the help from others. The study showed only a littl e effect of 

thee time related elements of the "chain of survival" on the cognitive, physical and 

psychosociall  functioning of the survivors. In this study the cognitive impairment was 

assessedd using the MMSE, which conceivably was an instrument not sensitive 

enoughh to detect subtle brain damage after cerebral ischaemia caused by the cardiac 

arrest.. Therefore, the cognitive functioning of a subgroup of 57 survivors with VF as 
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initiall  rhythm was assessed in more depth with extensive neuropsychological testing 

inn Chapter  11. This study demonstrated that, depending of the test, between 11 and 

28%% of survivors were cognitively impaired, and 58% scored unimpaired for all 8 

tests.. We found that patients who received CPR prior to the arrival of the ambulance 

showedd a trend towards overall better cognitive functioning and had significant better 

immediatee memory and visuomotor tracking. There was a weak correlation between 

thee time to CPR, time to shock or time to ROSC and cognitive functioning. This 

studyy demonstrated that the majority of survivors of OHCA with VF as initial 

rhythmm is cognitively unimpaired. Long delays to ROSC are compatible with good 

cognitivee outcome. Initiation and cessation of resuscitation efforts should therefore 

nott be based on the duration of circulatory arrest alone. 

INTERPRETATIO NN AND CONCLUSIONS 
Inn general, the survival of OHCA is low. Trained lay rescuers have demonstrated to 

bee capable to use the AED safe and effective in OHCA. Several models for the 

implementationn of AED programs outside the EMS have been described: community 

programs,, onsite programs and home programs. The pros and cons of each program 

aree depicted in Figure 1. Community programs tend to use less AEDs, require 

trainingg of fewer rescuers and can respond to all cases in the community, wherever 

theyy are located. However, their relative large distance from the victim makes them 

potentiallyy slow. On the other extreme, for home use, each potential victim requires 

his/herr own AED and in each household at least one person needs to be trained. In 

thee extreme rare case of cardiac arrest, the application of the AED is potentially very 

fast.. In between, on-site responders for offices, supermarkets and other public places 

mayy be a good compromise, but only reach the 20%-30% of victims who collapse in 

publicc or work place. The ratio AEDs employed to victims saved may be best for 

targetedd first responders. 

Inn this thesis, the effectiveness of a community program was studied and found to 

havee a modest survival benefit. The main reason for this finding was the observed 

smalll  decrease in time to first defibrillation and the long total time to defibrillation, 

whichh is explained by late call, time lost in decision making, delay in dispatch and 

thee delay in communication between EMS and first responder dispatch centers. For a 

successfull  program, a centralized dispatching system that can activate all responders 

seemss the best model. 
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Figuree 1. Pros and cons of AED programs. 

Recommendationn for  improvement in care for  out-of-hospital cardiac arrest victims 
Thee suggested improvements, derived from the studies in this thesis and recent litera-
ture,, are listed below. 

 Adding the AED to the existing EMS will improve survival from OHCA. AEDs 
shouldd be used in the community by non-medically trained personnel [Chapter 1]. 

 Optimal benefit for the whole community is achieved by first equipping targeted 
firstfirst responders (Police) with AEDs. 
 To achieve optimal benefit of first responder AED programs, much attention should 

bee paid to reduce all time elements in the first links in the "chain of survival", up 
too arrival of the first responder at the patient's side [Chapter 2]. 

 Biphasic technology should be implemented in all defibrillators (AEDs and manual 
defibrillators).. This will lead to higher shock success with the return of an organi-
zedd rhythm [Chapter 4]. 

 The interruption of CPR during the use of the AED should be diminished. Each 
shockk should be followed by CPR without assessing the patient, continuous 
rhythmm analysis during CPR should be implemented and the AED protocols and 
extensivee prompts should be re-assessed for relevance of contents [Chapter 5]. 

 CPR must start and be resumed with a minimum of delay. During training more 
emphasiss should be placed on this aspect [Chapter 5]. 
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 Continuous monitoring of rhythm by the AED, without the need to interrupt CPR, 

leadss to earlier detection and rapid defibrillation of recurrent VF and could improve 

outcome.. Furthermore, anti-arrhythmics should be considered after defibrillation in 

alll  patients found in VF [Chapter 6]. 

 All first responders should be trained in CPR and AED skills. AEDs are now part 

ofBLSS [Chapter 7]. 

 All patients, who survive OHCA from VF, should be assessed for ICD implanta-

tionn with a clear protocol. This protocol should clarify when a condition can be 

consideredd adequately treated, transient or reversed [Chapter 9]. 

 Cessation of resuscitation efforts should not be based on the duration of the resus-

citationn attempt, since good cognitive functioning is compatible with long duration 

too the start of CPR, defibrillation and the return of spontaneous circulation 

[Chapterr 11]. 
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Reanimatiee buiten het ziekenhuis 
Dee incidentie van reanimaties buiten het ziekenhuis in de leeftijdsgroep van 20 tot 75 

jaarr is 1 per 1000 per jaar. De meeste reanimaties buiten het ziekenhuis vinden in 

huiss plaats (75% tot 80%). Bij het merendeel van deze reanimaties wordt de circu-

latiestilstandd veroorzaakt door een ritmestoornis, ventrikel fibrilleren (VF). Het slagen 

vann een reanimatiepoging hangt af van vele factoren. De grootste kans op overleven 

bestaatt als er een getuige is van het collaberen van de patiënt en als het eerste ritme 

VFF is. Er bestaat een groot verschil in de kans op het overleven van een reanimatie 

tussenn diverse landen en zelfs binnen Nederland. De kans dat een reanimatie slaagt 

ligtt globaal tussen de 2% en 30%. Dit hangt af van het feit of omstanders overgaan 

tott hartmassage en beademing (CPR), de organisatie van de noodhulp en de situatie 

terr plaatse. Bij de aanwezigheid van VF is snel defïbrilleren van de patiënt van groot 

belangg voor overleving. Uit eerder onderzoek is gebleken dat de kans op overleving 

mett 7% tot 10% afneemt per minuut later defïbrilleren. In de regio Amsterdam 

bedroegg de kans op het overleven van een reanimatie in de onderzoeksperiode (1995-

1997)) 8.3%. 

Automatischee externe defibrillatore n 
Mett het ter beschikking komen van automatische externe defibrillators (AED's) is het 

voorr niet-medisch personeel mogelijk geworden om te defïbrilleren. AED's zijn zeer 

eenvoudigg te bedienen apparaten. De AED is met grote betrouwbaarheid in staat het 

bestaann van VF vast te stellen door middel van het ECG met behulp van een inge-

bouwdd computer algoritme. Tijdens de gehele reanimatiepoging wordt de bediener 

begeleidd door een stem uit een luidspreker. Bij het constateren van VF door de AED 

wordtt de AED automatisch opgeladen en krijgt de bediener door middel van de 

gesprokenn tekst het advies om te defïbrilleren door het indrukken van de schokknop. 

Tevenss worden alle ritmes, handelingen en omgevingsgeluiden vastgelegd voor latere 

analysee en controle. 

Proefschrift t 

Inn dit proefschrift wordt het onderzoek naar de effectiviteit en de toepasbaarheid van 

dee AED door politie en brandweer bij reanimaties buiten het ziekenhuis beschreven. 

Eveneenss wordt in dit proefschrift onderzoek naar de potentiële beperkingen van (het 

gebruikk van) de AED, de AED-training en de uitkomst van de overlevenden van de 

reanimatiee beschreven. 



Deell  I:  Effectiviteit en doelmatigheid van "firs t responder"  defibrillati e 
Dee tijd die verloopt tot aan de eerste schok speelt een belangrijke rol in de overle-

vingskanss bij reanimaties. AED's bieden niet-medisch personeel de mogelijkheid om 

veiligg te defibrilleren. In hoofdstuk 2 wordt het klinisch onderzoek naar het gebruik 

vann de AED door politie en brandweer bij reanimaties buiten het ziekenhuis beschre-

ven.. In dit onderzoek werden tussen januari 2000 en januari 2002 patiënten met een 

circulatiestilstandd buiten het ziekenhuis geïncludeerd. De studie omvatte de regio: de 

stedenn Amsterdam, Amstelveen en het politiedistrict Zaanstreek-Waterland en 

Kennemerland. . 

Dee situatie waarin politie en brandweer met AED's werden uitgerust werd vergeleken 

mett de situatie zonder AED's. In de twee studiejaren zijn er 243 patiënten gereani-

meerdmeerd in het experimentele gebied (het gebied waar politie of brandweer met AED 

werdd uitgerust) en 226 patiënten in het controlegebied (zonder AED). Het resultaat 

vann de inzet van de politie en brandweer met AED's was dat de defibrillatie mediaan 

1011 seconden eerder kon plaatsvinden. Deze eerdere defibrillatie leidde tot een grotere 

kanss op de terugkeer van de circulatie (bij 139 (57%) patiënten in de experimentele 

groepp versus 108 (48%) patiënten in de controle groep), een grotere kans tot opname 

inn een ziekenhuis (103 (42%) patiënten versus 74 (33%) patiënten) en een grotere 

kanss op ontslag uit het ziekenhuis (44 (18%) patiënten in de experimentele groep ver-

suss 33 (15%) patiënten in de controle groep). Deze verbetering was statistisch signi-

ficantficant voor de terugkeer van de circulatie en ziekenhuisopname, maar niet voor het 

percentagee ontslagen patiënten. Uit het onderzoek is gebleken dat politie en brandweer 

dee AED veilig en effectief kunnen bedienen. Tevens is gebleken dat de alarmeringske-

tenn van de meldkamer van de ambulancedienst naar de politie en de brandweer 

geoptimaliseerdd kan worden. 

Inn hoofdstuk 3 worden kosten voor de gezondheidszorg voor reanimatie buiten het 

ziekenhuiss in relatie tot de tijd tot schok beschreven. Uit dit onderzoek bleek dat de 

kostenn voor de gezondheidszorg voor een gereanimeerde patiënt in het eerste halve jaar 

naa reanimatie €28.636 bedroegen. Voor patiënten die na 6 maanden niet meer in leven 

warenn bedroegen deze kosten €2.384. Het grootste deel van de kosten in het eerste 

halvee jaar na een succesvolle reanimatie werd gemaakt in het ziekenhuis. Patiënten die 

vroegg geschokt waren, lagen significant korter op de Intensive Care dan de patiënten 

diee later waren geschokt. De incrementele kosteneffectiviteit ratio voor scenario's in 

reductiee in tijd tot schok van 2, 4 en 6 minuten, vergeleken met de uitgangssituatie, 

wass respectievelijk €17.508, €14.303 en €12.708 per gered leven. Uit deze studie is 

geblekenn dat reductie in de tijd tot schok leidt tot een acceptabele verhoging van kos-

tenn in de gezondheidszorg. 
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Deell  II : Verbeteringen in (het gebruik van) de AED 
Inn het tweede deel van het proefschrift wordt het onderzoek naar de mogelijkheden 

voorr het verbeteren van de AED en verbeteringen in het gebruik van de AED beschre-

ven.. In hoofdstuk 4 wordt de dubbel geblindeerde en gerandomiseerde studie naar 

hett schoksucces van AED's met "monophasische" schokken en AED's met "biphasi-

sche""  schokken beschreven. Uit dit onderzoek bleek dat de biphasische schokken tot 

eenn hoger schoksucces-percentage leiden. Succes is in deze studie gedefinieerd als het 

beëindigenn van het VF met de eerste schok en binnen een minuut hierna de terugkeer 

vann een georganiseerd ritme. Het georganiseerde ritme werd gedefinieerd, als tenmin-

stee twee QRS-complexen met een interval van maximaal vijf seconden plaatsvonden. 

Inn totaal werden in deze studie 120 patiënten geïncludeerd. Het succes van de mono-

phasischee schokken was 31/69 (45%) en van de biphasische schokken 35/51 (69%). 

Ditt verschil was statistisch significant. Hiermee toonde deze studie aan, dat biphasi-

schee AED's beter zijn in het beëindigen van VF en in het doen terugkomen van een 

georganiseerdd ritme, dan monophasische AED's. 

Inn hoofdstuk 5 wordt de onderbreking van hartmassage en beademing (=cardiopul-

monaryy resuscitation (CPR)) tijdens het gebruik van de AED geëvalueerd. Eerdere 

studiess hebben laten zien dat CPR bij een circulatiestilstand van wezenlijk belang is 

voorr de doorbloeding van het hart en de hersenen. In het protocol van de AED moet 

dee CPR worden onderbroken in verband met de analyse van het hartritme, het opla-

den,, het schokken en het beoordelen van de patiënt. Om de daadwerkelijke onderbre-

kingsduurr van CPR te bepalen zijn 184 AED registraties geëvalueerd. Deze studie 

toontt aan dat slechts in 45%  15% (gemiddelde  SD) van de tijd dat de AED was 

aangeslotenn en er een circulatiestilstand bestond, CPR werd verricht. Bij patiënten 

mett een schokbaar ritme was dit zelfs maar 36% % (gemiddelde  SD) van de 

tijd.. De belangrijkste reden voor deze onderbrekingen was de geprogrammeerde onder-

brekingstijdd van de AED (voor analyseren, laden, schokken en het controleren van de 

patiënt).. Maar er werd ook veel tijd verloren door het handelen van de bediener van 

hett apparaat. Er zijn verschillende opties voor het verkorten van deze onderbrekingen 

vann CPR. Bijvoorbeeld de implementatie van filtertechnieken, waardoor analyse van 

hethet hartritme kan plaatsvinden tijdens de CPR. Verder zou, als een asystolie of extre-

mee bradycardie wordt gedetecteerd, de beoordeling van de patiënt kunnen worden 

overgeslagen.. Bovendien moet het belang van het continueren van CPR worden bena-

druktt tijdens de training in het gebruik van de AED. 

Inn hoofdstuk 6 zijn de karakteristieken van de terugkeer van VF na een succesvolle 

schokk beschreven. De ritme gegevens van 322 patiënten met een circulatiestilstand 

buitenn het ziekenhuis zijn hiervoor geëvalueerd. Uit deze studie komt naar voren dat 



dee terugkeer van VF zeer frequent optreedt en dat de terugkeer van VF een negatief 

effectt heeft op de kans op overleving. Deze bevindingen suggereren dat anti-aritmica 

moetenn worden overwogen bij alle reanimaties buiten het ziekenhuis. 

Inn hoofdstuk 7 wordt de evaluatie van het AED trainingsprogramma voor 

"firstt responders" beschreven. De opleiding van 823 politieambtenaren werd beoor-

deeld.. Door middel van beoordeling van CPR aan het begin en aan het eind van de 

opleiding,, werd geëvalueerd of CPR in een drie uur durende AED-training kon wor-

denn verbeterd. Door een gecombineerde beoordeling van CPR en van AED-gebruik 

aann het eind van de cursus werd geëvalueerd of de vaardigheden in het gebruik van de 

AEDD voldoende konden worden eigen gemaakt. Deze studie toonde aan dat er 

beduidendd betere CPR-vaardigheden bestonden aan het einde van de training en dat 

89%% van de agenten de AED veilig en effectief kon gebruiken na de opleiding. Voorts 

verbeterdee het zelfvertrouwen en de motivatie tijdens de training. De training van drie 

uurr bleek adequaat om de meerderheid van politieambtenaren in het gebruik van AED 

opp te leiden, hun vaardigheden in CPR op te frissen en hun motivatie en zelf-

vertrouwenn te verbeteren. 

Inn hoofdstuk 8 wordt de relatie tussen succesvol voltooien van de AED-training en 

dee prestaties tijdens een echte reanimatiepoging beschreven. Zevenenzestig reanima-

tiepogingenn door politieambtenaren met gebruik van AED werden geëvalueerd en ver-

gelekenn met de opleidingsbeoordeling. De resultaten tonen aan dat in 79% van de 

gevallenn het succesvol beëindigen van de cursus in relatie stond met goede prestaties 

bijj  een echte reanimatiepoging. Omgedraaid kwam een niet met succes beëindigde 

cursuscursus soms overeen met goede prestaties tijdens een echte poging. Deze studie toont 

aann dat het succesvol voltooien van een AED-training duidt op goede prestaties in 

hett veld, maar daar evenwel geen garantie voor is. 

Deell  III : De behandeling en het resultaat na het overleven van de reanimatie 
buitenn het ziekenhuis 
Hett laatste deel van dit proefschrift richt zich op de medische behandeling en het 

resultaatt in termen van kwaliteit van leven en het cognitieve functioneren na het over-

levenn van de reanimatie. 

Inn hoofdstuk 9 is de studie naar de navolging van de richtlijnen voor ICD-implantatie 

beschreven.. De klinische praktijk in 15 ziekenhuizen van 70 overlevenden van reanima-

tiee buiten het ziekenhuis werd vastgelegd en vergeleken met de richtlijnen voor ICD-

implantatie.. Van deze patiënten hadden 18 een indicatie voor ICD-implantatie en had-

denn een ICD geïmplanteerd gekregen. Bij 13 patiënten was er onvoldoende diagnostiek 

verrichtt om een uitspraak te kunnen doen over de indicatie van ICD-implantatie. Twee 
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patiëntenn hadden een duidelijke ICD-indicatie en hadden de ICD niet gekregen. Uit 

dezee studie kan worden geconcludeerd dat clinici alerter moeten zijn bij het evalueren 

vann overlevenden van reanimatie voor ICD-implantatie. 

Inn hoofdstuk 10 wordt de kwaliteit van leven beschreven van de overlevenden van 

reanimatiee buiten het ziekenhuis. In deze studie wordt de kwaliteit van leven (geme-

tenn met de 136-item Sickness Impact Profile (SIP)) en de cognitieve functie (gemeten 

mett de MMSE) in verband gebracht met het functioneren van de hulpverleningsketen. 

Inn deze studie werden 174 overlevenden geïncludeerd. Zij werden zes maanden na de 

reanimatiee geïnterviewd. De studie toont aan dat de uiteindelijke uitkomst van reani-

matiee buiten het ziekenhuis acceptabel is. De meeste overlevenden zijn niet afhanke-

lij kk van hulp van anderen. Deze studie toonde slechts een gering effect aan op de 

kwaliteitt van leven en de cognitie van de overlevenden, wanneer de hulp later op gang 

kwam.. Alleen de heel vroeg behandelde patiënten hadden een betere kwaliteit van 

leven.. De gevonden geringe effecten van het functioneren van de hulpverleningsketen 

opp de cognitieve toestand van de patiënten is mogelijk deels te verklaren uit het feit 

datdat de MMSE een te grove test is om de schade na reanimatie te meten. Daarom is in 

hoofdstukk 11 het cognitief functioneren diepgaand geëvalueerd door middel van 

uitgebreidd neuropsychologisch onderzoek. Deze studie laat zien dat enige schade aan 

éénn van de cognitieve domeinen frequent voorkwam na reanimatie buiten het zieken-

huiss en dat bij 58% van de overlevenden geen schade werd gevonden. Er was weinig 

invloedd op dit cognitief functioneren van de tijd tot CPR, tijd tot schok en de duur 

vann de circulatiestilstand. Het belang van deze studie-uitkomst is dat het staken van 

dee reanimatiepoging uit angst voor cognitieve schade ongegrond is en dat het staken 

vann de reanimatiepoging niet moet worden gebaseerd op de duur van de circulatiestil-

stand. . 
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