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The present guidelines for implantatiorfVT) is detected by heart rate and other
of defibrillators (ICD) are based on avT-features and is terminated by anti-
careful analysis of recent scientific datéachycardia pacing or low energy car-
on the therapy of ventricular tachy-dioversion. Arrhythmia detection and
arrhythmias. They represent a modifietermination is also accomplished in
and updated version of the guidelineeemodynamically not compromising
published by the German Cardiac Sociventricular tachycardias.

ety in 1993 (1). Improvement in the quality of life:
Quality of life can be improved by
avoiding frequent hospitalizations re-
sulting from recurrent VT-episodes. VT-
termination by antitachycardia pacing is
not associated with unpleasant symp-
toms thereby improving quality of life
The primary goal of ICD therapy is theas well.

prolongation of life through a reduction

of sudden cardiac death. Cardiac arrest

due to hemodynamically not tolerated Requirements

ventricular tachyarrhythmias should be

terminated by automatic detection anél Diagnostic requirements

termination of the arrhythmia by the im-
planted ICD.

A Aim of ICD therapy

I. Primary aim

Prior to ICD implantation, non-invasive
diagnostic evaluation should be per-
formed according to the clinical situa-
tion of the patient. In most instances,
coronary angiography as well as left
Automatic termination of ventricular ventricular angiography will be re-
tachycardia: Ventricular tachycardiaquired. In addition, invasive electro-
physiological testing should be consid-
ered.

It is of particular importance to doc-
ument all spontaneous VT events as
well as episodes of ventricular fibrilla-
tion in the surface ECG.

Exercise tolerance testing is often
indicated to determine the response of
heart rate to optimize the programming

Il. Secondary aim

Address for correspondence:
Prof. Dr. S. H. Hohnloser
J.-W.-Goethe-Universitat
Medizinische Klinik IV
Cardiology and Nephrology
Theodor-Stern-Kai 7

60590 Frankfurt/Main — Germany
Telephone ++49-69-6301-7404
Telefax ++49-69-6301-7017



Deutsche Gesellschatft fur Kardiologie — Herz- und Kreislaufforschung 137

of intervention rates of the implanted ation table. The X-ray facilities needby alternative therapies, or 3. not indi-
device. to meet predefined standards. An excated.
ternal defibrillator must be availables Class I: Condition for which there is
during the entire implantation proce-evidence or general agreement that a
II. Requirements of the implanting dure. given procedure or treatment is bene-
center ECG documentation: Ideally, two sepaficial, useful, and effective.
rate ECG-recording systems should be Class II: Conditions for which there is
Requirements in terms of personnel available. At least one of these systenmnflicting evidence and/or a diver-
should allow the simultaneous registragence of opinion about the usefulness/
Cardiologists and cardiac surgeons whiion of multiple channels. The possibil-efficacy of a procedure or treatment.
implant ICDs need to have profoundty of invasive and non-invasive hemo- Class Ill: Conditions for which there
knowledge and extensive personal exdynamic monitoring along with contin-is evidence and/or general agreement

perience with respect to: uous oxymetry is mandatory. that a procedure/treatment is not useful/
a) invasive electrophysiology; Following ICD-implantation, pa- effective and in some cases my be harm-
b) implant technology; tients should stay for at least 48 hours iful.

c) pharmacological therapy of pa-a cardiology unit. The personnel taking Since this classification can not take
tients with life threatening arrhyth-care of patients after ICD-implantationnto account individual factors of each

mias; has to be able to typical post-operativpatient, the need for ICD-implantation
d) catheter ablative therapy as well asomplications, device-specific prob-has to be individually considered in
antitachycardia surgery. lems as well as life threatening areach case.

Further requirements: rhythmias. They need to be able to start The primary pre-requisite for ICD-
a) In case of emergencies during thadequate therapeutic measures withoumplantation is the expectation that a
implant procedure (i.e. perforation ofany delay. patient will suffer from ventricular

electrodes with subsequent pericar- tachyarrhythmias and that the patient

dial effusion), immediate adequate will thereby carry a significant risk

therapy must be available; C Indications of sudden cardiac death. If life ex-
b) follow-up of patients in the arrhyth- pectancy is less than 6 months due

mia out-patient clinic must be ac-Indications for ICD-implantation areto structural heart disease or due
complished by experienced personbased on scientific data of different deto concomitant diseases, ICD-implan-
nel (cardiologist) with knowledge of grees of evidence and on the clinical exation is not recommended. Implan-
the relevant technology; perience of the members of this writingation of an ICD in a patient without
c) availability of a 24-hour emergencycommittee. The degree of scientific eviprior documentation of spontaneous
facility (including weekends anddence on which these recommendationgntricular arrhythmias is considered

holidays); are based, are subdivided as followas prophylactic. In patients with prior
d) standardized continuous data docwccording to the Task Force of the&locumented ventricular tachyarrhyth-
mentation. American College of Cardiology andmias, potentially reversible causes

To achieve adequate standards in ICkhe American Heart Association (16). have to be excluded. Prior to ICD-
therapy, it is mandatory that a center ime Level A: Recommendation based oimplantation, alternative therapies aim-
plants at least 20 ICDs per year (23). multiple randomized clinical trials in-ing at prevention of recurrent ventri-
volving a large number of individuals. cular tachyarrhythmias have to be
o Level B: Data were derived from aevaluated:
Specific requirements limited number of trials involving com- « Antiarrhythmic pharmacotherapy
paratively small numbers of patients owhich can be empirically administered
a) Ildeally, ICD-implantation should befrom well designed data analysis of nonfin particular amiodarone, betablocker)
performed under aseptic surgicatandomized studies or observationadr can be evaluated by programmed
conditions. However, several reportslata registries. stimulation or Holter monitoring (in
suggest that ICD-implantation care Level C: Consensus of expert opiniomparticular sotalol).
be safely performed in electrophysiwas the primary source of recommenda- Ablative technology (in case of in-
ological laboratories if adequate stertion. ducible monomorphic VT) by means of
ile conditions are fulfilled. The following classification indicatessurgical technologies (patients with
b) For ICD-implantation, a single plainwhether indication for ICD-therapy isother indications for heart surgery and
X-ray system must be availablel. commonly accepted, 2. possible bwith only regionally compromised LV-
along with a X-ray transparent opercontroversially discussed or treatabléunction) or by catheter ablative tech-
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niques (in particular in idiopathic left- MUSTT-trial this risk was similar to can be prevented. Therefore, NYHA
or right ventricular tachycardias). that of patients without antiarrhythmiclV patients should only receive an

The indications for ICD-therapy arepharmacotherapy (9). Post-infarctiodCD if this device is implanted as a
detailed in Table 1 according to the prepatients with syncope in whom VT/VFbridge to transplant. However, this in-
dominant clinical presentation of thewas inducible on electrophysiologicaldication has not been studied in a

patient: testing experience frequent adequafgrospective way (17, 38).

« Cardiac arrest ICD-shocks (25, 28). In contrast, in

« Ventricular tachycardia post-infarction patients without docu-

« Syncope mented VT but late potentials on sig4. Hypertrophic cardiomyopathy
« Asymptomatic patient at risk nal-averaged ECG and depressed |lgftiCM)

ventricular function, in whom coro-
nary artery bypass grafting was perThere is no prospective randomized
Indications for ICD-therapy with formed, the ICD turned out to be of nestudy evaluating the benefits of ICD
respect to the underlying heart disease  benefit with respect to total mortalitytherapy in patients with HCM. In con-
compared to usual care (3). Atpresentrolled ICD-studies, only few patients
1. Coronary artery disease several randomized prospective studiesith HCM have been included. How-
investigate different risk stratifiers inever, in patients with HCM fitted with
The great majority of patients evalu-order to identify patients who poten-an ICD after prior cardiac arrest, there
ated in controlled prospective studiesially could benefit from prophylactic seems to be a benefit of ICD therapy as

suffered from coronary artery diseasdCD-implantation. indicated by observational studies (14,
prior myocardial infarction, and ven- 34, 37). Prevention of arrhythmic death
tricular tachyarrhythmias outside acute has not been demonstrated by the sole
infarction. Based on frequent adequat2. Dilative cardiomyopathy (DCM) improvement of hemodynamics (beta-
ICD-therapies in this population, a blocker, verapamil, DDD-pacemaker,

beneficial effect on total mortality as aThere are no prospective randomizeseptal ablation, myectomy) and/or anti-
result of ICD-therapy has been postustudies in patients with DCM andarrhythmic  pharmacotherapy  with
lated for a long time (4, 29, 32). SevVT/VF comparing ICD and antiarrhyth-amiodarone. In patients without prior
eral randomized studies have indicateghic pharmacotherapy. In studies ircardiac arrest, ICD-implantation can be
the superiority of the ICD compared tovhom coronary patients and patientdiscussed in cases with unexplained
therapy with betablockers (metoprowith DCM were included there was nosyncope, inducible VT/VF or with a
lol), class | antiarrhythmic drugs (pro-significant influence of the underlyingstrong family history of sudden cardiac
pafenone) and class Ill antiarrhythmideart disease with respect to the ICDdeath (46).

drugs (mainly amiodarone) (11, 12derived survival benefit. Retrospective

21, 36, 40, 43). In a retrospectiveobservational studies in patients with

case-control-study, electrophysiologiDCM have postulated the superiority ob. Arrhythmogenic right ventricular
cally guided therapy with sotalol wasthe ICD compared to pharmacologicatardiomyopathy (ARCM)

found to be inferior to ICD-therapy antiarrhythmic treatment (10, 29). Pro-

(7). Even for patients with hemo-phylactic ICD-implantation in patientsThere is no prospective randomized
dynamically tolerated VT, there was awith DCM (LVEF < 30 %) not listed for study evaluating the benefits of ICD-
beneficial effect of the ICD with re- heart transplantation seems to be ntherapy in patients with ARCM. Obser-
spect to mortality (5). In post-infarc-indicated in the absence of ventriculavational studies have shown that pa-
tion patients with non-sustained VTtachyarrhythmias (22, 39). In contrastiients with ARCM and prior cardiac
ejection fraction< 35%, and inducible patients with DCM and syncope of unarrest, hemodynamically intolerable VT
but not suppressible VT/VF, a signifi-known origin, ICD-implantation is as-or VT not suppressible by antiarrhyth-
cant survival benefit could be demonsociated with frequent adequate shoakic pharmacotherapy derive benefit

strated when compared to antiarrhythdelivery (20). from ICD-therapy (25, 44). In patients
mic standard therapy mainly with with hemodynamically tolerated and
amiodarone (30). Even in patients in inducible VT without extensive angio-
whom the induction of VT/VF was 3. Advanced congestive heart failure graphic evidence of dysplasia, alter-
suppressible by class | antiarrhythmic natively catheter ablation and/or anti-

drugs, there seems to be a significafatients with advanced congestivarrhythmic pharmacotherapy can be dis-
risk for sudden cardiac death (15, 23heart failure experience a high cardiacussed.
According to the results of themortality even if sudden cardiac death
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Table 1 ICD-Indications for various clinical presentations

Indication class
established possible notindicated

Cardiac arrest (11, 12, 21, 36, 40, 43)
e VT/VF documented A

reversible cause C
acute myocardial infarction 48 hours C
WPW-syndrome C
e VT/VF not documented
defibrillation “successful” B
VT/VF inducible B
Ventricular tachycardia (11, 12, 40, 43)
o With hemodynamic instability (i.e. shock, synkope) (11, 12, 40) A
o Without hemodynamic relevance
left ventricular ejection fraction < 35-40% (11, 12, 40) B
> 35-40% (4) B
e Incessant* C
o Non-sustained
— EF=<35-40% post myocardial infarction, inducible, not suppressible (9, 30) B
— EF< 35-40% post myocardial infarction, inducible, suppressible (9) B
— not at high risk for sudden cardiac death C
o I|dioventricular rhythm C
o |diopathic C
Syncope without documented ventricular tachyarrhythmia after exclusion of different causes (20, 25, 28)
e VT/VF inducible
left ventricular ejection fraction <40% B
>40% C
e VT/VF not inducible
left ventricular ejection fraction <40% C
>40% C
Asymptomatic patient at risk
e Postinfarction, late potentials in SAECG, EB5 % and CABG surgery (3) A
o Patient with DCM, EF 30 %, NYHA I-11I (20) B

o Patient with positive family history for sudden death, particularly in diseases
which are genetically determined, such as hypertrophic cardiomyopathy,
long QT-syndrome, or Brugada-syndrome C

A =recommendation based on multiple randomized clinical trials involving a large number of individuals, B = data derivdichftechraumber

of trials involving comparatively a small number of patients or from well designed data analysis of non randomized stedsationbkdata reg-
istries, C = consensus of expert opinion as the primary source of recommendation, EF = ejection fraction, NYHA = New Yaskddesion,

VT = ventricular tachycardia, VF = ventricular fibrillation, WPW = Wolff Parkinson White, Class | = condition for which tleeiddace or gen-
eral agreement that a given procedure or treatment is beneficial, useful, and effective, Class Il = condition for whidottikcérig evidence
and/or a divergence of opinion about the usefulness/efficacy of a procedure or treatment, Class Il = condition for wisidvidiemee and/or
general agreement that a procedure/treatment is not useful/effective and in some cases may be harmful, CABG = coroppagsadesiting,
DCM = dilative cardiomyopathy, SAECG = signal-averaged ECG, *after successful termination of the incessant VT, ICD-im@antdtdre

considered due to high VT-recurrence rate.

6. Long QT-syndrome tients with recurrent VT or syncope?. Idiopathic ventricular fibrillation
despite adequate therapy with betand idiopathic ventricular tachycardia
There is no prospective randomizethlockers, AAl pacemaker-therapy,
study evaluating the benefits of ICD-and/or left cervico-thoracic sympathecThere is no prospective randomized
therapy in patients with the long QTtomy are recommended to receive astudy evaluating the benefits of ICD-
syndrome. Since the prognosis of thed€D (18). In patients with cardiac arrestherapy in patients with idiopathic VF.
patients is excellent in the absence of the setting of the long QT-syndromeSince the prognosis of these patients in
arrhythmogenic death, control of poly-or with a strong family history of suddenthe absence of VF is excellent, control
morphic VT (Torsade de pointes) is otardiac death, prophylactic ICD-ther-of VT/VF is of exceptional importance
exceptional importance. Therefore, paapy can be discussed. (33). There is no hard evidence that
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pharmacological therapy by means oéred (2, 13, 26, 27, 35, 41, 42, 45). Sinmnonomorphic idiopathic right or left

betablocker or other antiarrhythmidlar recommendations are valid forventricular tachycardia, catheter abla-
drugs will prevent recurrent VF. ICD- patients with the so called Brugada-syrtion should be considered as the prime
implantation should be strongly considdrome (8). In contrast, patients withmode of therapy (17).
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of recurrent arrhythmias, the incidenceope over the course of 6 months. In
Driving restrictions may negatively im-of arrhythmia-related syncope (4), thable 2, recommendations for driving of
pact on the quality of life of ICD-recip- risk of arrhythmia-related accidents andCD-patients as summarized.

ients (1, 2). In Germany approximatelythe likelihood that such an accident will  Taking all the available but still lim-
8000 lethal traffic accidents occur annulead to severe injuries or death of thiéed information into account for assess-
ally. The vast majority of these trafficpatient or other traffic participants needng the fitness of the ICD-patient to
accidents is related to non-medicalo be considered (5). drive, the following recommendations
causes such as fatigue or alcohol con- Patients with cardiac rhythm dis-are grouped into 3 different categories:
sumption whereas only approximatelyrders applying for a driving license ore Class I: No restriction

5% of all lethal traffic accidents are realready haveing one are not capable %o Class II: Restriction for defined time
lated to medical causes (i.e. epilepsy, adrive a car if the arrhythmia has lead tperiod

rhythmias). Thus, arrhythmic suddemecurrent presyncopes or even syncope A: without arrhythmia recurrence
death while driving is a rare event (3)due to impaired cerebral blood flow— B: until confirmation of absence of
Less than 2% of all sudden losses @uch a decision must be based on care-disabling symptoms at the time of
consciousness will lead to death or serful medical and cardiac examination ICD therapy

ous injuries. It remains to be determinethcluding 24-h-Holter-monitoring and e Class lll: Total restriction

whether certain patients at risk such amdditional tests as required (6). Patients grouped into class | category
ICD recipients are responsible for a If a patient has received an ICD, it ihave no restrictions to drive. After re-
higher arrhythmia-related incidence ofissumed that this patient can resun@very from ICD-implantation (in most
traffic accidents. When considering dridriving on a non-commercial basis ifinstances approximately after 3 months)

D Driving recommendations
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ANNOUNCEMENTS
Table 2 Recommendations for i )
driving of ICD-patients Class Patient Recommendation
I: prophylactic implantation no restrictions
Il all other ICD-patients Driving restriction for a defined period of time
A: low risk: no recurrent VT/VF 6 months
B: medium risk: patients with until documentation of absence of symptoms

tolerated VT
high risk: unstable VT

associated with ICD-therapy

11: total restriction

these patients can resume driving. Pas class Ill have a high risk of hemoemphasize that the prerequisitions to
tients classified as class Il are restrictedynamically unstable ventricular tachy-accomplish commercial driving are not
for a defined time period without ar-arrhythmia. These patients have a totaresent in ICD-patients of class Il and

rhythmia recurrence. Patients classifietestriction of driving. It is important to Ill.
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also need to have profound knowlegde

on ICD-indications, implantation tech-

and alternative therapeutic

abla-

needs to be ascertained. This follow-ugrammed with the respective programtion).

includes

mers. This implies that a follow-up

Follow-up of ICD patients is per-

(1) evaluation of the integrity of the ICDcenter must have a wide selection dbrmed in the out-patient setting. Prefer-
and lead system with respect tdCD-programmers available in order taably, follow-up centers should be lo-
battery life, capacitor function and,adequately take care of ICD-patientsated at institutions at which ICD-im-

when appropriate, signal amplitudeparticularly in emergency cases.

and pacings threshold;

plications;
(3) ongoing patient care.

plantation is performed and at which ex-

Interrogation and programming ofperience in treating various cardiac

(2) assessment of device efficacy; pralCD-devices should be performed onlyhythm disorders is available. If ICD
gramming of ICD-functions in order by physicians who have undergonéollow-up is carried out in non-implant-
to optimize on an individual basisextensive education with respect to thing institutions, close cooperation be-
during clinical follow-up and in different programmers and who havéween this institution and the ICD im-
order to minimize ICD-related com-extensive experience acquired at an ICplanting center is to be maintained.

implantation center. Repeat educational In the follow-up of ICD recipients,
sessions with respect to device intewisits are grouped in routine clinical

rogation is needed on a regular basis tasits, urgent visits, and visits due to
cope with the ongoing technical innovaemergencies. It is important to emph-

tions of modern ICD-systems.

azise that a 24-hour emergency service

The personnel in follow-up centerds available.
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Routine visits: mended to participate in patient educa- new palpitations;

tion seminars alone or together with- increasing psychological distress.
The intervals for routine visits of ICD- their spouses.
patients is determined by the clinical

condition of the patient as well a by the Emergency visits:
respective ICD-system. Most commondrgent visits:
ly, routine visits are taking place every Emergency visits are necessary in case

three to six months. On these visits, bata the following situations urgent fol- of one of the following situations:
tery status, elective replacement indicdew-up visits of ICD recipients are— frequent ICD shock delivery within a

tors, Holter functions, tachycardia andeeded: short period of time (hours);
bradycardia events need to be checked. suspected infection of the ICD-sys— incessant tachycardia;

In addition, a careful clinical history in- tem; — development or aggravation of con-
cluding questions assessing the quality first shock; gestive heart failure;

of life and a careful physical examina— several ICD interventions within a— syncope following ICD-implantation.
tion is needed. Patients are recom- short period of time (days);



