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Chapterr 1 Introduction 

INTRODUCTIONN AND OUTLINE 

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 Defibrillators 

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 
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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. 

Outlinee 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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