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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. 



INTRODUCTION 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. 

METHODS 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. 

85 5 
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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 connections 
n=226 6 

Noo resuscitation attempted 
n=15 5 

Noo circulatory arrest 
n=24 4 

Excluded,, incomplete 
->> ECG data 

n=3 3 

Cardiacc arrest 
nn = 184 

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

Discharged d 
nn =0/53(0%) 

I I Witnessedd cardiac arrest 
nn = 145/184(79%) 

4 4 
Initiall rhythm 
Shockable e 

n=92/145(63%) ) 

1 1 
ROSC C 

nn = 60/92 (65%) 

* * 
Admitted d 

nn = 42/92 (46%) 

1 1 

T T 
Initiall rhythm 

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

t t 
ROSC C 

nn = 21/53 (40%) 

* * 
Admitted d 

nn = 14/53 (26%) 
I I 

T T 

t t 
Nott witnessed cardiac arrest 

nn = 39/184 (21%) 

1 1 
Initiall rhythm 
Shockable e 

n=4/39(10%) ) 

1 1 
ROSC C 

nn = 0/4 (0%) 

V V 
Admitted d 

nn = 0/4 (0%) 

1 1 

4 4 
Initiall rhythm 

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

1 1 
T T 

ROSC C 
nn = 6/35 (17%) 

1 1 
Admitted d 

nn = 4/35 (10%) 

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

Discharged 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. 

Implications 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 training 
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). 

Limitations 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. 

94 4 

Acknowledgements s 
Thiss study was supported by a grant from the Netherlands Heart Foundation 

(grantt 98.179). 

Wee appreciate the assistance of Medtronic Physio-Control (USA), Laerdal (Benelux) 

andd Cardiac Science (the Netherlands), who made the LIFEPAK 500, the Heartstrart 

FR22 and the Survivalink available for analysis of voice prompts. 

References s 
Valenzuelaa TD, Roe DJ, Nichol G, Clark LL, Spaite DW, Hardman RG. Outcomes of rapid defibrilla-

tionn by security officers after cardiac arrest in casinos. N Engl J Med 2000;343:1206-1209. 

Whitee RD, Hankins DG, Bugliosi TF. Seven years' experience with early defibrillation by police and 

paramedicss in an emergency medical services system. Resuscitation 1998;39:145-151. 

Mosessoo VN. Davis EA, Auble TE, Paris PM, Yealy DM. Use of automated external defibrillators 

byy police officers for treatment of out-of-hospitai cardiac arrest. Ann Emerg Med 1998;32:200-207. 

Pagee RL, Joglar JA, Kowal RC, et al. Use of automated external defibrillators by a U.S. airline. 

NN Engl J Med 2000;343:1210-1216. 

Valenzuelaa TD, Roe DJ, Nichol G. Estimating effectiveness of cardiac arrest interventions. 

AA logistic regression survival model, circulation 1997;96:3308-3313. 

Waalewijnn RA. de Vos R. Tijssen JG, Koster RW. Survival models for out-of-hospital cardiopulmona-

ryy resuscitation from the perspectives of the bystander, the first responder, and the paramedic. 

Resuscitationn 2001;51:113-122. 

Thomsonn RG, Hallstrom AP, Cobb LA. Bystander-initiated cardiopulmonary resuscitation in the 

managementt of ventricular fibrillation. Ann Intern Med 1979;90:737-740. 

Cumminss RO, Eisenberg MS. Prehospital cardiopulmonary resuscitation: Is it effective? JAMA 1985;253. 



[9]]  Engdahl J, Bang A, Lindqvist J, Herlitz J. Factors affecting short- and long-term prognosis among 1069 

patientss with out-of-hospital cardiac arrest and pulseless electrical activity. Resuscitation 2001;51:17-25. 

[10]]  Sato Y, Weil MH, Sun S, et al. Adverse effects of interrupting precordial compression during cardio-

pulmonaryy resuscitation. Crit Care Med 1997;25:733-736. 

[11]]  Yu T, Weil MH, Tang W, et al. Adverse outcomes of interrupted precordial compression during 

automatedd defibrillation. Circulation 2002;106:368-372. 

[12]]  Guidelines 2000 for cardiopulmonary resuscitation and emergency cardiovascular care. Part 3:adult 

basicc life support. Circulation 2000;102:1099-1142. 

[13]]  Recommended guidelines for uniform reporting of data from out-of-hospital cardiac arrest: the 

'Utsteinn style'. Prepared by a task force of representatives from the European Resuscitation Council, 

Americann Heart Association, Heart and Stroke Foundation of Canada, Australian Resuscitation 

Council.. Resuscitation 1991;22:1-26. 

[14]]  Kern K, Hilwi g R, Ewy G. Retrograde coronary blood flow during cardiopulmonary resuscitation in 

swine:: intracoronary Doppler evaluation. Am Heart J 1994;128:490-489. 

[[  15] Bellamy R, DeGuzman L, Pedersen D. Coronary blood flow during cardiopulmonary resuscitation 

inn swine. Circulation 1984;69:174-180. 

[16]]  Paradis N, Martin G, Rivers E, et al. Coronary perfusion pressure and the return of spontaneous 

circulationn in human cardiopulmonary resuscitation. JAMA 1990;263:1106-1113. 

[17]]  Bur A, Kittler H, Sterz F, et al. Effects of bystander first aid, defibrillation and advanced life support 95 

onn neurologic outcome and hospital costs in patients after ventricular fibrillation cardiac arrest. 

Intensivee Care Med 2001;27:1474-1480. 

[18]]  Kern KB, Hilwig RW, Berg RA, Sanders AB, Ewy GA. Importance of continuous chest compressions 

duringg cardiopulmonary resuscitation. Circulation 2002;105:645-649. 

[19]]  Gliner BE, White RD. Electrocardiographic evaluation of defibrillation shocks delivered to out-of-

hospitall  sudden cardiac arrest patients. Resuscitation 1999;41:133-144. 

[20]]  Tang W, Weil MH, Sun S, et al. The effects of biphasic and conventional monophasic defibrillation 

onn postresuscitation myocardial function. J Am Coll Cardiol 1999;34:815-822. 

[21]]  Yamaguchi H, Weil MH, Tang W, Kamohara T, Jin X, Bisera J. Myocardial dysfunction after 

electricall  defibrillation. Resuscitation 2002;54:289-296. 

[22]]  Noc M, Weil MH, Tang W, Sun S, Pernat AM, Bisera J. Electrocardiographic prediction of the 

successs of cardiac resuscitation. Crit Care Med 1999;27:708-714. 




