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ABSTRACT T 

Background d 

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

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

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

known. . 

Methods s 

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

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

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

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

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

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

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

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

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

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

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

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

patientt and the process. 

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

berr of recurrences. 

INTRODUCTIO N N 

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

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

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

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

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

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



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

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

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

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

MATERIA LL  AND METHOD S 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

recurrencee and the time of VF recurrence were annotated. 

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

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

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

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

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

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

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

tall  admission. 

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

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

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

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

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



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

RESULTS S 

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

Rhythmm data 
missing g 
N=43 3 

Cardiacc arrests 
N=682 2 

Initiall rhythm 
VF F 

N=380 0 

101 1 

Completee rhythm 
data a 

N=337 7 

VFF not terminated in first 
88 shocks 

N=15 5 

VFF terminated in first 
88 shocks 
N=322 2 

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

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

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

Tablee 1. Descriptive of VF recurrence 

Descriptionn of VF recurrence* n=322 2 

102 2 

Totall  amount of shocks on VF 1453 

Totall  amount of successful shocks 1170 

Totall  amount of VF recurrences 810 

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

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

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

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

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

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

Rhythmm before VF recurrence 

Asystolee 94 (48%) 

Organizedd rhythm 103 (52%) 

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

Timee interval from successful first shock to first VF recurrence 

300 0 

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

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

103 3 
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Tablee 2. Univariat e analysis of occurrence of VF recurrence after  a successful shock 

104 4 

Age,, years  SD 

Gender r 

Female e 

Male e 

Weight,, kilograms D 

Historyy of ischaemia f 

Acutee ischemia % 

Witnessedd arrest 

Bystanderr CPR 

Timee to CPR§ 

Timee to first shock§ 

Timee to ACLS§ 

ROSC C 

Shockss to ROSC, median (25-75%) 

Timee to first ROSC§ 

Admission n 

Survivall  to hospital discharge 

Noo VF recurrence* 

n=68 8 

3 3 

22%% (15) 

78%% (53) 

5 5 

65%% (24/37) 

47%% (27/58) 

91%% (62) 

59%(40) ) 

2400 (60-433) 

6588 (550-759) 

810(658-975) ) 

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

870(648-1185) ) 

54%% (37) 

24%% (16) 

>> One time VF recurrence 

n=254 4 

3 3 

17%% (43) 

83%% (211) 

5 5 

74%% (125/168) 

57%% (116/204) 

94%% (240) 

52%(131) ) 

2400 (60-540) 

6722 (546-900) 

8400 (660-1020) 

66%% (168) 

55 (2-7) 

1350(931-1881) ) 

66%(168) ) 

20%% (50) 

P-valui i 

0.6 6 

0.3 3 

0.3 3 

0.4 4 

0.3 3 

0.2 2 

0.4 4 

0.2 2 

0.9 9 

0.5 5 

0.2 2 

0.5 5 

<0.001 1 

<0.001 1 

0.5 5 

0.5 5 

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

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



Figuree 3. 
Barr graph illustrates the fre-
quencyy of VF recurrence in 
relationn to survival to hospital 
discharge.. The linear associa-
tionn is significant (p=0.005). 
Thee numbers in the base of the 
barss represent the number of 
patientss included in the group. 
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11 1 

- r --

Frequencyy of VF recurrence 
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secondd shock by AED, n=85 

secondd shock by manual defibrillator, n=112 

105 5 

600 120 1X0 240 

Timee interval from VF recurrence to second shock 

300 0 

seconds s 

Figuree 4. 
Cumulativee graph showing the time interval in seconds from first VF recurrence to the subsequent shock 
fromm the AED operated by first rcsponders and the manual defibrillator operated by the paramedics. The 
paramedicss rapidly shocked over 60% of the patients with VF recurrence within one minute, but after 3 
minutess they only had shocked 85% of the patients. In contrast, the AED only shocked 30% of the recur-
rencess in 1 minute but after 4 minutes all patient with VF recurrence were shocked. 
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Recognitionn of VF recurrence 
Timee to delivery of the second shock for recurred VF is shown in figure 4. This 

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

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

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

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

DISCUSSION N 

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

106 6 

Occurrencee of VF recurrence 
Itt is important to make a distinction between persistent VF and VF recurrence, since 

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

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

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

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

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

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

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

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

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

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

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

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

64%% of patients [2]. 

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



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

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

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

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

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

cardiall  function was less after biphasic waveform defibrillation than after monophasic 

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

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

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

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

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

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

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

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

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

obscuredd the distinction between ischaemia as cause or as subsequence. 

Howw to respond to recurrent VF? 

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

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

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

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

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

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

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

protocoll  should be tested in randomized studies. 

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

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

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

selectionn bias had occurred. 

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

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

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

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

monophasicc and biphasic therapy. 

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

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

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



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