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ABSTRACT

RESUMEN

acquired therapeutic option for the prevention and management of

ventricular arrhythmias and cardiac sudden death. A significant in-
crease of the indications for its use has occurred over the last few years
and, considering the increasing number of patients in whom an increa-
sed risk of these most severe complications may today be identified,
there has been also an exponential increase in the number of device
implantations. Finally, the currently most advanced devices incorporate
further functions beyond that of triggering electric discharges, such as
arrhythmia event recording, anti-tachycardia or anti-bradycardia stimula-
tion functions, or cardiac resynchronisation therapy. It is thus of utmost
importance for the emergency physician to know the possibilities of this
new therapeutic tool in all acute-phase clinical scenarios. The present
review paper addresses those aspects with the greatest interest for the
emergency physicians in the context of clinical and electrophysiological
background, device function and current IAD indications.

T he implantable automatic defibrillator (IAD) represents a recently-
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Device update. Device functions. Indications.

El desfibrilador automatico implantable:
actualizacion para médicos de urgencias

cion terapéutica de reciente adquisicion para el tratamiento y

prevencion de las arritmias ventriculares y la muerte subita de
origen cardiaco. Durante los Gltimos afios se ha producido una rele-
vante ampliacion de sus indicaciones Yy, dado el creciente nimero de
pacientes en los que hoy se puede identificar un riesgo elevado de pa-
decer estas gravisimas situaciones, también a un aumento exponencial
del nimero de implantes de dispositivos. Por (ltimo, los dispositivos
mas actuales incorporan otras funciones ademas de la posibilidad de
liberar descargas de corriente, como la del registro de eventos arritmi-
cos, las funciones de estimulacion antitaquicardia o antibradicardia y la
funcion de resincronizacion cardiaca. Todo ello ilustra la importancia
de conocer esta nueva arma terapéutica en los escenarios clinicos de
la fase aguda. En la presente actualizacion se discuten los aspectos
de mayor interés para los médicos de urgencias relativos a los funda-
mentos clinicos y electrofisioldgicos, funcionamiento e indicaciones ac-
tuales de los DAI.

E | desfibrilador automatico implantable (DAI) constituye una op-

eTlgeye il Desfibrilador. Urgencias. Revision. Funciones.
Indicaciones.

INTRODUCTION

The implantable automatic defibrillator (IAD) has become
the treatment of choice for patients with a high risk of develo-
ping ventricular tachyarrhythmias which could endanger a pa-
tient's life. Technological improvements, a lack of confidence

in the universal efficacy of pharmacological treatments and
the body of evidence provided by numerous clinical trials ha-
ve led to expansion in the number of indications for such de-
vices, with an exponential growth in the number of implants
(over 100,000 per annum in the United States). As aresult, in
the near future physicians treating acute phases will come
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across an ever increasing number of patients fitted with these
devices, and will thus, need to have updated knowledge there-
of specialy geared for this area of care. To this end, the IAD
Work Group of the Spanish Cardiology Society and the Car-
diac Arrhythmia Group of SEMES have prepared this review,
dealing with the current features, operation and indications of
the device.

IAD COMPONENTS

An |AD has two main components: the generator and
the wire(s). The generator houses the battery and al circuits
required for the release of electrical impulses, the generation
of electric shocks, the filtering and analysis of signals, as
well as data storage. The duration of the life of an IAD ge-
nerator varies considerably depending on the number of dis-
charges and the frequency of use of anti-bradycardial stimu-
lation, ranging between 5 and 7 years. Battery depletion is
the most common replacement indicator. Given that the bat-
tery (a combination of lithium-silver and vanadium oxide)
cannot release the amount of energy required in the short ti-
me frame of a defibrillation discharge, the charge must be
accumulated in a condenser before it can produce an electric
shock. The maximum amount of energy that it is able to sto-
re ranges between 30 and 45 Jules. A significant percentage
of space within the generator is taken up by the condenser,
the size of which has been become increasingly smaller over
the last 10 years. The latter, and the development of lower
energy biphasic discharges, has led to current IADs being
implanted transvenously, in an almost identical way to con-
ventional pacemakers, with the generator in the pectoral area
(Figure 1). The latest generation of |ADs weigns around 70
g. with an approximate volume of 30 cc., far from the 175
cc of the first devices.

The defibrillator wires transmit electrical signas from
the endocardia surface of the right ventricular apex to the
generator for analysis, releasing stimulation and discharge
pulses to the heart. The discharge defibrillation vector is cu-
rrently found between the coils located in the wires in the
right ventricle and very often in the superior vena cava and
the generator casing itself (Figure 1, arrows). Where appro-
priate, these devices may also offer an additional possibility
of stimulation and sensing in the right atrium via a second
lead. Devices equipped with a third lead implanted in a tri-
butary of the coronary sinus (close, therefore, to the left
ventricle) have been recommended in the last few years, see-
king to achieve cardiac resynchronization via biventricular
stimul ation?.

Figure 1. Image of an IAD and its components. It
is composed of a generator and wires (grey
arrows) which generate the defibrillation wave
fronts (red arrows).

FUNCTIONS OF AN IAD

The first IAD was implanted in a human being in 19807,
and even though originally conceived for defibrillation, impro-
vements in the device have included an increase in the num-
ber and effectiveness of its functions. As such, synchronized
electrical cardioversion, anti-bradycardia stimulation (pace-
maker function), anti-tachycardial functions (overstimulation)
and the possibility of registering and storing arrhythmia episo-
des have been added to the device. Furthermore, aside from
cardiac frequency - the only initial criterion for deciding
whether an arrhythmia episode merited treatment - other de-
tection criteria have been implemented to increase diagnostic
specificity, seeking above all to avoid action in the case of
non-ventricular tachycardia (what is known as inappropriate
therapies).

Diagnosis of tachycardia via an IAD

The device detects ventricular stimulation by means of a
VD electrode. Initidly, the only available parameter for deci-
ding whether a patient was having tachycardia was ventricular
frequency, which implied shock administration (only existing
therapy at that time) whenever the ventricular frequency pas-
sed the cut-off frequency with the ensuing treatment of al ty-
pes of tachycardia irrespective of their origin®. Improvements
made in the IADs include programmable cut-off frequencies
and more sophisticated discrimination criteria:
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1) Criterion of sudden start: aims to differentiate sinu-
sal tachycardia, which is usually of a progressive nature,
from ventricular tachycardia, usually with a sudden onset’.
2) Frequency stability criterion: aims to differentiate epi-
sodes of atrial fibrillation, with variable RR intervals,
from those of ventricular tachycardia, usua with fairly
static RRs*®. 3) Discrimination criteria based on the morp-
hology or width of the electrogram: that is, whether the
signal detected is similar to that of a sinusal rhythm,
which would be suggestive of supraventricular tachycar-
dia, or different, which would be suggestive of a ventricu-
lar origin. These criteria are evidently programmable both
in terms of activation and differentiation parameters,
which prove to be of great importance: poor programming
may lead to non-detection of tachycardia of ventricular
origin. 4) In defibrillators with atrial and ventricular
electrodes, additional criteria may also be activated, based
on the presence or absence of atrio-ventricular dissociation
or on the position of atrial activation in relation to ventri-
cular activation®®.

Anti-bradycardial stimulation

The first IADs did not incorporate a pacemaker function
and in those patients who needed stimulation and thus needed
both devices, certain interferences generated serious malfunc-
tions in both devices. Current IADs include the pacemaker
function and such interferences no longer exist. VVI (single
—chamber) was the only possible stimulation in the beginning.
Nowadays there are IADs with single, dua and even triple
chamber stimulation, as described in the section below. Pro-
gramming the bradycardial function is similar to that of the
pacemaker, and in fact, the stimulation parameters following
an IAD electric shock can be programmed independently in
order to avoid post-shock loss of capture due to threshold in-
crease.

Anti-tachycardial stimulation

The first IADs only provided electric shocks. Nowa-
days they can provide programmable frequency stimulation
sequences and number of heartbeats faster than detected
tachycardia, in order to attempt to end it without resorting
to shock, which is known as tachycardial stimulation (Fi-
gure 2). This therapeutic model has proven to be very use-
ful in the treatment of ventricular tachycardia, being able
to convert up to 90% thereof to a sinusal rhythm*2 with
the added benefit that, compared with shocks this treatment
is painless.

Figure 2. Electrocardiographic derivations Ii, 1lI,
aVR and aVL (from top to bottom). Induction of
monomorphic ventricular tachycardia (TV in the
picture) is shown via the device itself by means
of the programmer with a stimulation train.
Therapy 1 is another stimulation train which is
slightly faster than the tachycardia which ends
it. The action of the IAD would have been the
same in the event of spontaneous clinical
tachycardia.

Cardioversion and defibrillation

Defibrillation is the main function underlying the origi-
nal design of the IAD to avoid sudden death of cardiac ori-
gin due to ventricular fibrillation (Figure 3). From the be-
ginning, all efforts have focussed on increasing its efficacy,
that is, to ensure that the patient will aways be defibrilla-
ted. Consequently, defibrillation systems (these initially
consisted of patches sutured into the epicardium via thorac-
tomy, and currently consist of endocardial electrodes and
the generator casing itself)®, the direction of the current
emitted or the shape of the wave thereof (currently biphasic,
more effective than the former monophasic wave) have been
modified. Current IADs, using a single lead in the right
ventricle, an activated casing and biphasic shocks, enable
defibrillation of most patients (over 95%) with energy levels
under 18 Jules, leaving a safety level of over 10 Jules to
program the shocks maximum level of energy of the IAD.
The efficacy of the therapy is thus ensured, as defibrillation
thresholds in clinical practice are not accurate. This also
provides a safety level of a certain number of Jules above
the energy level proven to be effective®. Current IADs are
also able to perform a cardioversion function in ventricular
tachycardia (administering shocks in synchrony with the
QRS) and even atrial arrhythmias (dual chamber devices
which perform stimulation or shocks in the right atrium),
occasionally decided by the patient (placing a device near
the generator when for instance, an atrial fibrillation episo-
de fails to subside)®.
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Figure 3. Il, 111, aVR and aVL electrocardiographic
derivations (top to bottom). The figure shows
how a stimulation train accelerates arrhythmia in
ventricular fibrillation (FV in the graph) during a
monomorphic ventricular tachycardia. In
response, the IAD charges the condensers and
administers an electric shock at the programmed
energy level. The shock defibrillates the patient
who, after the event, will have a basal frequency
lower than the programmed frequency in the anti-
bradycardial function. As a result of this lower
frequency and for its duration, ventricular
stimulation appears (pacemaker VVI in graph).

Registration and storage of episodes

IADs have a ‘memory’ to enable them to store patient
events including al arrhythmia episodes, the date, duration,
therapy which achieved reversion, R-R intervals thereof and
even electrograms (as if it were an ECG of the tachycardia).
This, for instance, enables one to analyse whether the episode
has or has not been ventricular (may have been a supraventri-
cular arrhythmia or an interference) and helps to program the
device to avoid the release of shocks in response to supraven-
tricular arrhythmias'®*’,

Other functions

IADs electrophysiological studies to be undertaken in pa-
tients without catheter insertion: by means of the programmer,
the heart can be stimulated or shocks emitted to induce
arrhythmia and verify the efficacy of the device (Figure 2).
IADs aso have an alert function; this consists of a series of
programmable alerts which emit beeps in response to certain
anomalies (excessive charge time, low battery, impedance of
stimulation outside the permitted range) or in response to cer-
tain clinical situations (such as tachycardia which has needed
various therapies) which will make the patient consult the
arrhythmia specidist for assessment of the situation. Lastly,
the placement of a magnet above the generator allows deacti-

vation the IAD necessary (for instance, a patient with inappro-
priate discharges in response to a non-controllable rapid atria
fibrillation). The response magnet of the varies according to
the manufacturer and; generally as opposed to what happens
with pacemakers, the bradycardial function is not usually mo-
dified.

PROGRAMMING AND OPERATION
OF THE IAD

Irrespective of the reason for which it was implanted,
patients fitted with an IAD, and particularly those with a
structural cardiopathy, can present with rapid ventricular
tachycardia episodes, slower ventricular tachycardia episo-
des and, obviously, ventricular fibrillation®. For this reason,
up to 3 different areas of detection may be programed with
different frequencies and different therapies in each area.
Thus, in response to a slow ventricular tachycardia episode
anti-tachycardial stimulation is programed seeking, above
al, to avoid the administration of electric shocks (particu-
larly unpleasant for a probably fully conscious or even
asymptomatic patient). If anti-tachycardia stimulation does
not succeed, cardioversion shock will come into play, ini-
tially of low energy and increasing in strength if this still
fails to prove effective. In the area of ventricular fibrilla-
tion, maximum energy shocks are logically programmed
from the start. In tachycardia oscillating from one frequency
zone to another, either spontaneously or as a result of the-
rapy, therapies programmed for the new zone are implemen-
ted.

Time and number of beat criteria to be fulfilled by the
tachycardia in order to be detected and treated are also pro-
grammed. Additionally, in the event of shocks, the time and
number of beats post-charge before administering the charge
(reconfirmation) must be programmed to avoid treating episo-
des which end spontaneously. The number of therapies to be
administered by the device must also be programmed (when
the IAD exhausts the therapies in a zone due to ineffective-
ness thereof and tachycardia persists, the device ceases to ad-
minister therapy). In some types of tachycardia detection only
and no therapy (Holter function) may likewise be programed:
the IAD stores the episode information for analysis at the next
review. On the other hand, this detection criteria, electrogram
storage derivation aerts and IAD response to magnet accele-
ration are also programmed according to patient characteris-
tics.

Lastly, the pacemaker function must be programmed: if
the patient is not pacemaker-dependent, a low frequency VVI
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—— TABLE 1. Haemodynamic consequences
of left bundle branch block
and congestive heart failure

A. Intraventricular asynchrony
1. Reduction in cardiac contractibility
a. Reduction in LV ejection fraction (LVEF)
b. Reduction in cardiac expenditure
2. Alteration in function of papillary muscles
a. Increase in degree of mitral failure
B. Interventricular asynchrony
1. Reduction in RV ejection volume
C. Atrio-ventricular asynchrony
1. Reduction in ventricular filling
a. Increase in pressure in right atrium
b. Increase in LV telediastolic volume

LV: left ventricle. RV: right ventricle.

is programmed to facilitate the patient’s own rhythm as much
as possible, thus avoiding the damaging effect that the
asynchrony of ventricular contraction (caused by stimulation
from right ventricle) may have over ventricular function®, alt-
hough dual and triple chamber 1ADs are available for atrio-
ventricular sequential stimulation and ventricular resynchroni-
zation, respectively.

Cardiac resynchronization

Cardiac resynchronization (CR) is a new therapy indica-
ted for patients with congestive heart failure (CHF) who pre-
sent with a wide QRS, mainly due to left bundle branch block
(LBBB). This therapy has proven to have two beneficial ef-
fects. improvement of the symptoms with an ensuing reduc-
tion in the number of hospitalizations and a reduction in the
mortality rate in these patients®.

Physiopathol ogy

LBBB causes a lack of time coincidence (asynchrony) in
the contraction of both ventricles (interventricular asynch-
rony): the contraction of the left ventricle (LV) is delayed in
comparison to that of the right ventricle (RV). Furthermore,
intraventricular asynchrony also takes place in the LV: the la-
teral wall contracts later than the interventricular septum. Li-
kewise, atrio-ventricular asynchrony also takes place, with
partial contraction of the atrium during ventricular
contraction?. The haemodynamic consequences of such ano-
malies in contractibility are considerable (Table 1) and are as-
sociated with the clinical deterioration and medium to long
term prognosis.

Figure 4. Distribution of electrocatheters within
the cardiac cavity. On the right, radioscopic
image.

Figure 5. Lateral and posterio-anterior thorax
x-ray of a patient with IAD+Resynchronizer.

Cardiac resynchronization devices

CR is achieved by simultaneous stimulation of both ven-
tricles (biventricular stimulation) by placing an electrocathe-
ter in the RV apex and in the LV (the latter via a lead inser-
ted into the coronary sinus (CS) tributary). Auricular
sensing, vital to achieve physiological stimulation, is done
via placement of an electrocatheter in the right atrium (RA)
appendage. The device is then fitted with a generator which
is implanted subcutaneously in the upper right area of the
chest. The devices are therefore known as triple chamber de-
vices, given that electrodes are implanted in the RA, RV and
CS (Figure 4). In patients with atria fibrillation (AF) elec-
trodes are only implanted in RV and SC. Lastly, CR with bi-
ventricular stimulation may be combined with endocavity
defibrillation therapy (IAD) by incorporating coils in the RV
electrocatheter for shock release (Figure 5).

Consequences of biventricular stimulation

The first feature observed upon activation of ventricular
pacing is the narrowing of the QRS (Figure 6) compared with
basal QRS and QRS produced by stimulation from the RV
apex (Figure 7). Thisis followed by an acute improvement in
functional class of all haemodynamic parameters atered by
ventricular asynchrony®. This improvement is sustained over
time and leads to an improvement in functional class, an in-
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Figure 6. ECG with 12 derivations, initially LBBB
image and QRS narrowing upon activation of
biventricular pacing.

crease in distance covered in a 6-minutes test, an increase in
LV gjection fraction (LVEF), a reduction in the number of
hospital admissions and a reduction in overall mortality**.

Furthermore, patients with a lowered LVEF, regardless of
cause, and heart failure are at high risk of sudden death due to
ventricular arrhythmia”. This is why the combination of CR
and IAD has been shown to improve the survival rate in these
patients®#,

In order to obtain such benefits, biventricular pacing must
be performed for the longest possible time throughout the day.
In patients with sinusal rhythm this is achieved by suitable
programming of the IAD parameters (programming an AV in-
terval lower than the PR interval), but in patients with atrial
fibrillation the aim is to achieve a cardiac frequency as low as
possible so that biventricular pacing becomes the predominant
activity, usually by means of B-blockers and/or digoxin.

Indications for cardiac resynchronization therapy

CR therapy is currently accepted by the American Car-
diological Society as a lla class indication in patients with
dilated or ischaemic cardiomyopathy, QRS>130 msec, and
LVEF = 35% in patients with a NYHA [1I-1V functional
classification, despite optimum pharmacological treatment®.
The European Society of Cardiology recommends CR the-
rapy for patients with reduced EF, QRS = 120 ms. which
remain symptomatic (NYHA 11-1V), despite optimum phar-
macological treatment (Ace inhibitors, spironolactone, diure-
tics and B-blockers) to improve symptoms (Class 1A), to re-
duce hospitalizations (Class 1A) and reduce mortality (Class
1B)>.

IAD+CR therapy is indicated in patients who would bene-
fit from an IAD and whose characteristics meet CR criteria.
Nevertheless, it is not rare to find that CR is indicated in pa-
tients with a reduced LVEF with or without LBBB who need
a definite pacemaker, given that pacing from the RV apex

Figure 7. Telemetry of the IAD and the ECG in a
channel. QRS interval with biventricular
stimulation (left) of 160 ms developing to 220 ms
with pacing in right ventricle apex (right).

might worsen the clinical condition of such patients®™. Among
ECG dlterations in which CR therapy has proven to be effecti-
ve is LBBB with sinusa rhythm. In other anomalies such as
atria fibrillation or right bundle branch block, the efficacy of
CR is not as clear, although some favourable data have re-
cently been published®®. In our country the rate of implants
of IAD+CR is 14% of al 1ADs implanted in the year 2004*.
However, an increase in this percentage is foreseeable over
the next few years.

CURRENT INDICATIONS OF IAD THERAPY

Secondary prevention

In recent years several clinical trials have studied the
efficacy of IAD compared to anti-arrhythmia medication
(amiodarone, metoprolol, sotalol, propafenome) in patients
who had ventricular arrhythmia. These studies included pa-
tients who had recovered from cardiac arrest by ventricular
fibrillation (VF) or ventricular tachycardia (VT) or had pre-
sented with syncopal or poorly tolerated VT (symptoms or
signs or haemodynamic compromise such as presyncope,
shock, heart failure, severe angina, etc) and also had a
LVEF under 25-40% (most had structural cardiopathy, lar-
gely previous myocardial infarction). After an average fo-
Ilow-up of 2 to 3 years, the group of patients treated with
IADs showed a higher survival rate than those treated with
medication®™*, Several sub-studies have highlighted that pa-
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tients with a LVEF lower than or equal to 25% had most
benefitted from the IAD, whereas in those with a relatively
conserved LVEF (above 35%), the IAD failed to show any
advantage over amiodarone. Patients with moderate to seve-
re ventricular dysfunction were found to most benefit from
an |AD*%,

However, some patients with polymorphic VF or VT may
not have an apparent structural cardiopathy and may have a
completely normal ventricular function, but show primary
electrical alterations which tend towards development of sud-
den cardiac death. This is the case in patients with idiopathic
ventricular fibrillation, Brugada syndrome, Long QT syndro-
me and short QT syndrome. In dl these groups, the indication
for patients who have been resuscitated from cardiac arrest se-
condary to such malignant ventricular arrhythmias is the im-
plantation of a defibrillator.

Current indications for IAD implantation as secondary
prevention are shown in Table 2. These indications are based
on the clinical guidelines of various scientific societies,
mainly the American College of Cardiology (ACC), the Ame-
rican Heart Association (AHA), the North American Society
of Pacing and Electrophysiology (NASPE, currently Heart
Rhythm Society), the European Society of Cardiology (ESC)
and the Spanish Cardiology Society®““. Although recom-
mendations for an IAD are uniform in patients who have been
resuscitated from sudden death by VF or VT, and in patients
with a poorly tolerated VT with structural cardiopathy, the in-
dication in patients with a well-tolerated VT and previous in-
farction is controversial, especialy in patients who do not ha-
ve severe ventricular dysfunction.

Primary prevention

In patients with a high risk of developing malignant ven-
tricular arrhythmias, the implant of an IAD may be indicated.
In patients with a previous infarction and ventricular dysfunc-
tion, the MADIT study reported a relevant increase in survival
with the AID compared to conventional treatment in patients
with a LVEF below 35% showing a: reduction in 2-year mor-
tality of 54%®®. In the MUSST study (patients with previous
infarction, non-sustained VT in the Holter and LVEF < 40%)
it was aso proven that patients who were fitted with an IAD
had less sudden and overall mortality than the rest®. Several
years later, the MADIT Il study (post-infarction patients with
LVEF = 30%)%, showed a reduction in the mortality of pa
tients with a LVEF < 25% with an implanted IAD versus tho-
se who had received optimum pharmacological treatment, alt-
hough such data were not confirmed in the DINA-MIT
study®2. These results, together with a sub-analysis of the

MDIT Il study, which highlights that the benefit of an IAD is
greater the longer patients are included after an infarction®,
underline the lack of benefits of an IAD in primary preven-
tion, during the first weeks following an acute myocardial in-
farction.

In patients with dilated cardiomyopathy, several studies
have failed to prove the benefit of the defibrillator versus con-
ventional medical treatment or amiodarone treatment**. This
was probably due to the fact that routine use of medication
such as beta-blockers, which have shown to reduce sudden
and overall mortality, was not yet common practice. Neverthe-
less, the latest study published on primary prevention, the
SCD-HeF, has shown an increase in the survival of 1AD ca-
rriers compared to isolated medical treatment, which, together
with a recently performed meta-analysis on the IAD and heart
failture®, suggests that the IAD may be indicated in primary
prevention of patients with structural cardiopathy, severe LV
dysfunction and heart failure. If, in addition, patients present
LBBB with a QRS > 120 msec., the combination of a defibri-
Ilator and a cardiac resynchronization device has been shown
in the COMPANION study to help achieve a reduction in ove-
rall mortality and the number of hospitalizations for any cau-
se, compared with medical treatment exclusively or associated
with cardiac resynchronization therapy without a defibrilla-
tor®, an indication which has been accepted by the European
Society of Cardiology®.

Indications for IADs in Primary Prevention are shown in
Table 3 (it is important to mention that the results of the MA-
DIT II, DINAMIT, DEFINITE, COMPANION and SCD-HeF
were published after these guidelines, and thus the recommen-
dations do not take into account the important results of these
studies). Table 4 summarizes the recommendation classes of
the different therapeutic indications and the levels of scientific
evidence sustaining them.

The applicability of such results is discussed by various
authors and whilst some defend the generalization of the MA-
DIT II type indication (patients with previous infarction and
LV ejection fraction below 30%), and the SCD-HeFT (pa-
tients with structural cardiopathy, ejection fraction below 35%
and heart failure), others prefer to assign this indication to pa
tients in whom the most benefit has been shown in such stu-
dies and sub-analyses thereof, bearing in mind other data of
the clinical profile of the patient such as age or associated co-
morbidity.

In the case of hypertrophic cardiomyopathy, the indication
for an |AD as primary prevention is controversial, and the de-
cision must be carefully taken on an individua basis taking
into account risk factors and patient clinical profile®. In the
case of Brugada syndrome, the indications in primary preven-
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TABLE 2. IAD indications. Secondary prevention

1) Cardiac arrest

Class |

« Patients resuscitated from cardiac arrest by VF or VT recorded on ECG. Not due to a reversible transitory cause (Level of evidence A).

« Patients resuscitated from cardiac arrest with no VF or VT recordings via ECG, but are assumed as cause due to effective defibrillation or to in-
duction of sustained ventricular arrhythmia in the electrophysiological study (Level of evidence B).

Class Il

+ VF or VT due to transitory, reversible or treatable causes such as those taking place within the first 48 hours of the acute phase of a myocardial
infarction, acute iscaemia, Wolf-Parkinson-White syndrome (Level of evidence C).

« Limited life expectancy (less than 6 months) (Level of evidence C)*

« Patients with serious psychiatric disturbances which may be aggravated by an IAD implant or prevent proper patient follow-up (Level of evidence
C)*.

+ Patients with severe neurological sequelae following cardiac arrest (Level of evidence C).

2) Ventricular tachycardia not associated with cardiac arrest

Class |

« Patients with sustained VT and severe haemodynamic compromise: syncope, presyncope, shock, heart failure or severe angina (Level of eviden-
ce A).

Class Il

+ Sustained VT without haemodynamic compromise in patients with ejection fraction < 40% (level of evidence B).

+ Sustained VT without haemodynamic compromise in patients with ejection fraction >40% (level of evidence C).

Class Il

+ Continuous VT (level of evidence C).

+ [diopathic VT (level of evidence C).

« Patients who are not high risk, with VT, who have undergone effective catheter or surgical ablation (level of evidence C).

3) Syncope without ventricular arrhythmia documented throughout

Class |

+ Induction of VT or VF in electrophysiological study, with severe haemodynamic compromise (Syncope, presyncope, shock, heart failure or severe
angina) and structural cardiopathy with ejection fraction = 40% (level of evidence B).

+ Syncope not attributable to other causes and ECG pattern of Brugada syndrome (Level of evidence C).

Class Il

« Induction of TV or VF by electrophysiological study, with severe haemodynamic compromise (syncope, presyncope, shock, heart failure or severe
angina) and structural cardiopathy but with ejection fraction > 40%. (level of evidence C).

+ Syncope not explained by other causes associated with structural cardiopathies (hypertrophic cardiomyopathy, arrhythmogenic cardiomyopathy of
RV) or electrical (long QT syndrome) with a risk of developing sudden cardiac death (level of evidence B).

Class Il

+ Syncope without structural cardiopathy (level of evidence C).

+ Syncope secondary to transitory, reversible or treatable causes (level of evidence C).

*Y, Applicable as general counter-indications both in primary and secondary prevention.
Abbreviations: IAD: implantable automatic defibrillator; VT: ventricular tachycardia; VF: ventricular fibrillation; ECG: Surface electrocardiogram; RV: right ventricle.

tion are aso controversial®®, and we thus advise following
the indications agreed by the European and American cardio-
logical societies®. Lastly, in the cases of Long and Short QT
syndromes, there are no clear indications for primary preven-
tion: the IAD would be indicated in patients with recurrent
syncopes not due to other causes despite pharmacological tre-
atment, especidly if they have a family history of sudden de-
ath at a young age®.

CONCLUSION

It may, thus, be concluded that nowadays an IAD is a
first line therapeutic tool in the diagnosis and treatment of
ventricular arrhythmias and sudden death of cardiac origin.
Thanks to its versatility and its new features, the number of
implants will increase exponentialy in the near future, which
is why familiarization with IAD operation and indications



Class |

TABLE 3. IAD indications. Primary prevention

+ Non-sustained VT in patients with previous myocardial infarction, LV ejection fraction < 40% and sustained VT inducible in the electrophysiologi-

cal study (level of evidence B).

+ |AD with cardiac resynchronization capacity in patients with cardiopathy, LV ejection fraction = 35%, functional class Il or IV and QRS > 120 ms

(level of evidence B).

Class Il

« Patients with previous myocardial infarction and ejection fraction below 30% (level of evidence B).

+ Patients with ischaemic or dilated cardiomyopathy, with ejection fraction below 35% and functional class Il or >lIl (level of evidence B).

+ Hypertrophic cardiomyopathy with risk factor of cardiac sudden death (syncope of unclear aetiology, family history of sudden death, non-sustai-
ned VTs in the Holter, septal thickness > 30 mm. or hypotense tensile response during strength test) (level of evidence B).

* Brugada syndrome with type | ECG pattern and family history of cardiac sudden death and/or inducibility of malignant ventricular arrhythmias in

electrophysiological study (level of evidence B).

Class IlI

+ Non-sustained VT not associated with structural cardiopathy (level of evidence C).
+ Non-sustained VT with structural cardiopathy and ejection fraction > 40% (level of evidence C).
» Non-sustained VAT in patients with ischaemic cardiopathy and EF > 30& without sustained VT inducible in electrophysiological study (level of evi-

dence C).

+ Asymptomatic Brugada ECG pattern with no pathological spontaneous pattern or medical history of syncope (level of evidence C).
Hypertrophic cardiomyopathy in patients without sudden death risk factors (level of evidence C).

TABLE 4. Levels of evidence and recommendation classes

Class I: Conditions for which there is a general consensus or evidence that a procedure or treatment is beneficial and effective.
Class II: Conditions for which there are conflicting data and/or discrepancies regarding the usefulness or efficacy of a given procedure or treat-

ment.

Class lIIl: Conditions for which there are evidence or general agreement that a given treatment or procedure is not useful or effective and may

even be damaging in some cases.

Level of evidence A: Based on the information of various randomised clinical trials in a large number of patients.
Level of evidence B: Data based on one or two randomised clinical trials in a small number of patients or in non-randomized studies.
Level of evidence C: Data based on records, observational studies or general agreement among experts.

has become imperative. Despite its efficacy in the secondary
prevention of sudden death (or seriously symptomatic ventri-
cular arrhythmias), its clinical usefulness in cardiac resynch-
ronization and the benefits of its anti-bradycardial function,
its indication in primary prevention of malignant ventricular
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