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ABSTRACT T 

Introduction 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. 



INTRODUCTION 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. 

METHODS 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 
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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 training 

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 during 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 trainin 

CPRR Skills 

Mouth-to-mouthh ventilation 

Stomachh inflation 

Tooo much air 

Tooo little air 

Cardiacc Compression 

Incompletee release 

Tooo shallow 

Tooo deep 

Handd position 

Compressionn Rate 

Mediann % erroneous 

beforee training 

78 8 

7 7 

0 0 

1.24 4 

5 5 

4 4 

5 5 

Meann (SD) before training 

1022 (19) 

Mediann % erroneous 

afterr training 

22 2 

0 0 

13 3 

1.11 1 

0 0 

8 8 

0 0 

Meann (SD) after training 

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. . 

Lastt CPR training 

<3monthss (n= l 15) 

3-66 months (n=227) 

6-122 months (n=210) 

>122 months (n=l 76) 

Neverr trained (n=10) 

Lastt resuscitation 

>11 2 months (n=21 5) 

Neverr resuscitated before (n=11 6) 

Motivatedd for AED use 

AA priori motivated (n=602) 

AA priori not motivated (n=l 80) 
ll i i—i I i—i i i — T T — I — n — | — n — i — i — | 

00 0.5 1 1.5 2 
Betterr performance -4  Worse performance 
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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 

Interpretationn 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. 

124 4 

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. 




