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Chapterr 12 Summary and General Conclusions 

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 defibrillation 
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 defibrillator 
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 



Chapterr 12 Summary and General Conclusions 

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. 

INTERPRETATIONN 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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