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ABSTRACT T 

Objective e 
Thee objective of this study was to prospectively compare clinical practice of 

implantablee cardioverter defibrillator (ICD) implantation with current guidelines in 

out-of-hospitall  cardiac arrest (OHCA) survivors. 

Methodss and Results 
Fromm January 2000 til l March 2002, 70 consecutive patients discharged from 15 

hospitalss after OHCA, with ventricular fibrillation (VF) as initial rhythm were 

included.. Documentation concerning diagnosis, left ventricular function, ischaemia 

detection,, electrophysiological studies (EPS), and decisions regarding ICD 

implantationn was collected from medical records. An expert committee compared 

thesee data with current guidelines. According to these guidelines 18 patients had an 

ICDD indication and received an ICD and 37 patients had no indication and did not 

receivee an ICD. In 13 patients without acute myocardial infarction not enough 

diagnosticss were done to decide that there was no ICD indication and no ICD was 

implanted.. Two patients had an ICD indication but did not receive an ICD. 

Duringg the follow-up with duration of 25 months (range 12-38 months), two acute 

deathss occurred in the group of patients without an ICD. Of the patients with ICD, 4 

patientss (22%) reported to have received one or more shocks. 

Conclusion n 
Inn 21% of OHCA survivors, insufficient diagnostics concerning the indication of ICD 

implantationn were performed or no ICD was implanted when indicated, despite clear 

guidelines.. In particular, there was no proof of ischaemia prior to revascularization 

andd no confirmation of the absence of ischaemia and EPS thereafter. Clinicians 

shouldd be more aggressive in evaluating patients after OHCA concerning the 

indicationn for ICD implantation. 



INTRODUCTION N 

Survivorss of out-of-hospital cardiac arrest (OHCA) are at high risk for recurrent 
cardiacc arrest and sudden cardiac death, mainly due to recurrence of acute ventricular 
tachyarrhythmia's,, particularly ventricular fibrillation (VF) [1-3]. Currently, the 
implantablee cardioverter-defibrillator (ICD) is the treatment of choice in secondary pre-
ventionn of life-threatening ventricular tachyarrhythmia's in survivors of OHC A [4-7]. 
Indicationss for ICD implantation have widened over the years and several European 
countriess have adopted their first guidelines, including the Netherlands in 2000 [8]. 
Accordingg to these current guidelines, many survivors of OHCA have an indication 
forr ICD implantation [8-10]. We prospectively compared clinical practice of ICD 
implantationn with the current guidelines, in a cohort of OHCA survivors in the 
Netherlands. . 

METHODS S 

Studyy population 

Thee study was prospective and observational and the study area comprised the city of 

Amsterdamm and surrounding area, which included 885 square kilometers and 1.6 mil- 143 
lionn inhabitants, served by 13 community hospitals and two academic hospitals. 

Fromm January 2000 til l March 2002, all patients in OHCA, identified by the emer-

gencyy medical service (EMS) dispatch center and with VF as initial rhythm, were fol-

lowedd from collapse. All patients who survived to hospital discharge were included. 

Patientss who were transferred to a hospital outside the Netherlands were excluded. 

Dataa collection 

Thee continuous rhythm data from the automated external defibrillators and manual 

defibrillatorss were downloaded into a laptop on the scene. The rhythm data was 

analyzedd independently by a researcher and a physician, both experienced in rhythm 

analysis.. VF was categorized as a disorganized rhythm, with a median amplitude of 

>100uV.. Documentation concerning diagnosis, ischaemia detection, left ventricular 

function,, electrophysiological studies (EPS), and decisions regarding ICD implanta-

tionn was collected from medical records. 

Whenn during follow-up a patient was deceased, the general practitioner was contacted 

too retrieve the date of death and the nature of death. A year after the last patient was 

includedd all survivors were contacted to retrieve data on events and if applicable on 

shockss delivered by their ICD. 
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Guidelines s 
Guideliness developed by the ACC/AHA [10], the European Society of Cardiology [9] 
andd the Netherlands Society of Cardiology [8] were compared in order to create a 
protocoll  in which clinical practice could be evaluated. The results from the MADIT-D 
studyy [11] might widen ICD implantation indications in OHCA-patients. But since 
MADI TT II was not concluded during the study period, they were not incorporated in 
thee study protocol. There were small differences in ICD implantation guidelines [12], 
butt for patients with OHCA and documented VF as initial rhythm American, 
Europeann and Dutch guidelines concurred. According to the guidelines during the 
studyy period, an ICD implantation was indicated in OHCA survivors with VF as 
initiall  rhythm when VF was not due to a transient, reversible, or treatable cause. An 
ICDD was not indicated if the patient did not fit in one of these three criteria, had an 
expectedd lifetime of less than 6 months or had a poor neurological residual function. 
Somee OHCA survivors in whom VF was due to an acute myocardial infarction 
(AMI )) developed an ICD indication later on during hospital admission. These 
patientss had non-sustained ventricular tachycardia's (VT) at least four days after myo-
cardiall  infarction, a left ventricular ejection fraction (LVEF) of <40% and inducible 
VFF or VT during EPS (MUSTT-criterion [13]). 
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Classificationn of patients 
Actuall  practice, as derived from medical records of each patient, was compared with 

thee guidelines by an expert committee, which included two cardiologists, of whom 

onee was an electrophysiologist. Each patient was qualified as: "ICD indicated", "ICD 

nott indicated" or "not enough diagnostics done to decide whether an ICD was 

indicated".. AMI was qualified as a transient cause of VF, i.e. no ICD indicated. To 

definee AMI , we used the World Health Organization definition [14,15]. This 

definitionn is based on the presence of >2 of the following 3 criteria: (1) a clinical 

historyy of ischaemic-type chest discomfort, (2) changes on serially obtained 

electrocardiographicc tracings, and (3) a rise and fall in serum cardiac markers. 

Patientss were classified as "not enough diagnostics done" if either no or insufficient 

diagnosticss or treatment was performed after exclusion of AMI , or when 

revascularizationn was performed without documentation of ischaemia prior to 

treatmentt and lack of proof of absence of ischaemia or negative EPS after treatment. 

Ethics s 
Medicall  ethics committees from participating hospitals approved the study. Informed 
consentt was obtained from the patients post resuscitation. 



RESULTS S 

Inn the study period, 372 patients had an OHCA with VF as initial rhythm. Of these, 
1699 (45%) patients were admitted and of these 70 (18%) patients survived and could 
bee discharged from 18 different hospitals in the Netherlands. One patient was transfer-
redd to a German hospital and therefore not included in this analysis. 
Fromm the 70 OHCA-survivors, 80% was male and the mean age was 63 years (range: 
32-844 years). The classification of the patients concerning the ICD indication and the 
actuall  ICD implantation practice are shown in figure 1. Diagnoses of the 18 patients 
whoo did receive an ICD and the diagnoses of the 52 patients did not receive an ICD 
aree listed in table 1 and table 2, respectively. In none of the eight revascularized 
patientss without an AMI , ischaemia was proven prior to treatment and in only one; 
thee absence of ischaemia after revascularization was documented. Furthermore, in 
nonee of these patients, EPS was performed after revascularization. In five patients no 
attemptt at all was made to evaluate the cause of cardiac arrest. 

ICDD indicated 
accordingg to guidelines 

NN = 20 (29%) 

ICDD implanted 
NN = 18 

OHCAA survivors 
dischargedd from hospital 

NN = 70 

Nott enough 
diagnosticss done 

NN = 13(19%) 

I I 
ICDD implanted 

NN = 0 

ICDD not indicated 
accordingg to guidelines 

NN = 37 (53%) 

ICDD implanted 
NN = 0 
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Figuree 1. 
Comparisonn of ICD implantation and ICD indication in survivors of out-of-hospital cardiac arrest. 
Thiss figure shows a flow-chart demonstrating the classification concerning ICD indication and actual ICD 
implantation.. OHCA denotes out-of-hospital cardiac arrest, ICD denotes implantable cardioverter defibrillator. 
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Tablee I. Diagnoses in survivors of out-of-hospital cardiac arrest who received an ICD (n=!8) 

Diagnosiss N 

Noo detectable organic heart disease 8 

Dilatedd cardiomyopathy 4 

Brugadaa or long-QT-syndrome 2 

MUSTT-criterion** 4 

ICDD denotes implantable cardioverter defibrillator; VF denotes ventricular fibrillation 
**  Nonsustained ventricular tachycardia at least four days after a myocardial infarction, left ventricular 
ejectionn fraction <40% and inducible ventricular fibrillation or ventricular tachycardia during 
electrophysiologicall  study. 

Tablee 2. Diagnoses in survivors of out-of-hospital cardiac arrest who did not receive an ICD (n=52) 
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Diagnosiss N 

Coronaryy artery disease 

AMII 26 

Coronary-artery-spasmm 1 

Contra-indicationss for ICD implantation 

Poorr neurological functionality 6 

Expectedd lifetime <6 months 2 

Patientss choice 2 

Nott enough diagnostics done to decide whether an ICD was indicated 

AMII excluded, CAD found and revascularized, no ischaemia stress testing prior 

revascularisationn and no EPS performed after revascularisation 8 

AMII excluded, no further diagnostics or treatment 5 

ICDD indicated, not implanted 

Provenn ischaemia, revascularisation contra-indicated 1 

Patientt with a history of bypass surgery and poor LVF 1 

ICDD denotes implantable cardioverter defibrillator; AMI denotes acute myocardial infarction; CAD denotes 
coronaryy artery disease; VF denotes ventricular fibrillation; LVF denotes left ventricular function. 

Duringg follow-up of median 25 months (range: 12-38 months), 13 patients died 
(19%).. Only one patient with an ICD died; the ICD was turned off because of 
terminall  renal failure in a patient who declined further treatment. All other deaths 
occurredd in the patients without an ICD. Only two of the remaining 12 deaths were 
acutee and due to cardiac arrest; one patient died who did not had received an ICD 
becausee the initial VF was caused by an AMI and one patient died who had chosen 
nott to have an ICD implanted. Four of the 18 patients with an ICD (22%) reported 
thatt they had received one or more shocks. 



DISCUSSION N 

Thiss study shows that a large percentage of survivors of OHCA, are incompletely 

evaluatedd or not evaluated at all for the indication of an ICD implantation. As it is 

convincinglyy proven that this therapy contributes to long-term survival in high-risk 

patients,, such patients are potentially withheld an important therapeutic opportunity. 

Theree are several elements in this observation. First, although the guidelines are clear 

inn the formulation of the indication of ICD implantation after OHCA for non-trans-

ient,, non-reversible or non-treatable conditions, they all fail to define when these 

conditionss are met. Conversely, it is not clear when the opposite is true: when the 

conditionn (mostly ischaemia) is adequately treated or when the condition can safely 

bee considered transient. It is therefore not surprising that the evaluation of the 

patientss in our study was incomplete in many cases. Secondly, the most prevalent 

transientt condition is acute myocardial infarction, assuming that VF was caused in 

thee initial electrical unstable phase of several hours duration [16]. The time frame for 

primaryy VF in the guidelines is 48 hours after onset of AMI , which may well 

incorporatee cases where VF is caused by other, less transient mechanisms. More 

important,, the diagnosis of AMI in a patient who has been successfully resuscitated 

mayy be more difficult than under normal conditions, when the WHO criteria with the 

triass chest pain - evolving ECG changes - typical rise and fall of specific markers for 

necrosiss are applied. The retrograde amnesia makes the recognition of the history of 

chestt pain less reliable and the ECG shortly after resuscitation may show gross abnor-

malities,, which may be from ischaemia, as a result of the cardiac arrest. Furthermore, 

repeatedd shocks may be required before a stable rhythm is achieved and the possible 

damagee from these shocks could result in transient rise of markers for ischaemia, thus 

mimickingg myocardial damage from true infarction. The level of certainty, with 

whichh the diagnosis of AMI is made and thus the transient nature of the cause of car-

diacc arrest is accepted, may be higher than justified. Thirdly, many patients in our 

studyy were revascularized after recovery from the circulatory arrest, either by PTCA or 

byy CABG. The procedure was usually not preceded by documentation of ischaemia 

andd rarely followed by proof that ischaemia was effectively treated. As it is well 

acceptedd that anatomic obstruction in the coronary vessels does not necessarily imply 

myocardiall  ischaemia, such therapy may lead to the false assurance of adequate treatment 

off  ischaemia and again, may unwarrantly lead to the belief that the cause of the cardiac 

arrestt has been adequately treated. Ideally before and after revascularization EPS is per-

formed.. Our patients, without ICD are a good match of the patients in the AVID 

registryy who were not randomized for device or drug therapy and who were considered 
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too have a transient or treatable cause of their cardiac arrest [17]. Our study was not 
designedd and was not large enough to provee or disprove the correctness of the treat-
mentt decisions of our cohort by its long term outcome, but indicates that the daily 
caree of our post-resuscitation patients leaves room for improvement or at least a more 
protocollisedd approach of their evaluation. Such protocols should be based on the 
mostt appropriate guidelines, but these protocols do not yet exist. Only when the 
evaluationn of patients for success of treatment or for the transient character of the 
condition,, which is believed to have caused the cardiac arrest, is standardized, we can 
studyy their long-term prognosis, compare them with the prognosis of patients who 
didd receive an ICD and confirm that our choices were appropriate. Future guidelines 
shouldd be clear in specifying such protocols. 

Limitations s 
Itt is possible that contraindications or softer, but valuable reasons not to implant an 
ICDD were present in the 15 patients in whom or insufficient diagnostics were perfor-
medd or no ICD was implanted when indicated, but which were not apparent in the 
medicall  records. 
Ourr study has a clear inception cohort; patients were followed from the moment of 
onsett of the cardiac arrest. No selection bias has occurred and no patient was lost to 
follow-up.. The study reflects the practice of a relatively large number of hospitals, 
includingg both community hospitals and academic hospitals, but is limited to the 
Netherlands.. In the Netherlands the ICD implantation rate in the study period was 20-
40/millionn [18,19], which is an average of the rates as observed through-out Europe. 
Thiss report reflects the practice of the years 2000-2002 during and after which the 
ratess of ICD implantation tended to increase. This increase probably reflects the 
acceptancee of newer indications based on recent clinical trials, which focus on other 
indicationss than those related to OHCA. 

Inn conclusion, current practice of ICD implantation varies widely between countries 
andd even within countries [18,19], caused by many factors. One of these factors may 
bee the gap between the science and the guidelines, but also between guidelines and 
practice.. Our observation suggests that this last gap may be narrowed by specifying 
thee guidelines in more detail, especially when defining the transient or treatable 
naturee of the condition causing OHCA from VF. 
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