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Abstract: Since the introduction of the implantable
cardioverter defibrillator (ICD) for the management of
patients with high risk of arrhythmic SCD, there has
been increasing use of this device. Its basic promise to
effectively terminate ventricular tachycardia (VT)–
ventricular fibrillation (VF) has been repeatedly met.
In several randomized trials, the ICD has been shown
to be superior to conventional anti-arrhythmic ther-
apy, both in patients with documented VT-VF (second-
ary prevention) and those with high risk such as left
ventricular ejection fraction and no prior sustained
VT-VF (primary prevention). In both groups, the ICD
showed overall and cardiac mortality reduction.

The device now can more accurately detect VT-VF
and differentiate these from other arrhythmias
through a series of algorithms and direct-chamber
sensing. Therapy options include painless antitachy-
cardia pacing, low-energy cardioversion, and high-
energy defibrillation. The technique implant is now
simple as a pacemaker with one lead attached to an
active (hot) can functioning as the other electrode.

Among other improvements is its weight, volume,
multiprogrammability, and storage of information,

onflict of interest disclosures were not provided by the authors.
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dual-chamber pacing and sensing, dual-chamber defi-
brillation, and addition of biventricular pacing for
cardiac synchronization.

It is anticipated that further improvement in ICD
technology will take place and the list of indications
will grow. (Curr Probl Cardiol 2004;29:293-356.)

V entricular tachycardia (VT)–ventricular fibrillation (VF) ha
posed a great challenge for all clinicians and other individ
involved in the care of patients with these arrhythmias.

agnitude of morbidity, mortality, and economic impact related
T-VF makes it an important public health issue.1-10

By some estimates VT-VF are responsible for roughly half of the d
econdary to cardiac disease. In many cases, the deaths are prema
nstantaneous, with little chance of intervention. In terms of s
umbers, there are at least 250,000 annual arrhythmic deaths
nited States alone. These deaths are generally covered und
ategory of sudden cardiac death (SCD), which whenever recorded
he onset, is usually the result of VT-VF.
There is a realization, resulting from a vast experience of out-of-ho
nd in-hospital defibrillation (DF) experience, that DC shock invari

erminates these arrhythmias when applied instantaneously. De
elivery of DF has disastrous consequences to the point that a 10-m
elay results in a nearly 100% mortality or permanent brain da
M.A., personal observation, 2003). The rapidity of problem recogn
nd immediate delivery of therapy, therefore, are of the essen

mprovement is to be expected.
A variety of approaches has been used during the last century, parti

he last two decades, to impact arrhythmia mortality including the emp
n underlying causes such as coronary artery disease (CAD).11,12 Becaus

he outcome of out-of-hospital resuscitation had a limited success for m
he population at risk, prophylactic intervention is often seen as a
ractical solution. One such approach has been the use of anti-ischem
uch as beta-blockers, as well.12,13Because ambient ventricular ectopy
ften been associated with cardiac arrest, anti-arrhythmic drug prophyl

he postmyocardial infarction population was also tested.14,15 Adverse
utcome noted in CAST and CAST II with Class Ic anti-arrhythmic ag
ompared to placebo shifted the focus to alternate therapy. These in
lass III anti-arrhythmic agents and renewed interest in beta-blocker
y.13,16,17
04 Curr Probl Cardiol, June 2004
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. J. Gersh: I agree that the results of out-of-hospital resuscitation are
omewhat discouraging, but a recent study from Olmstead County, Minne-
ota, demonstrated that 40% of patients undergoing cardiopulmonary resus-
itation for witness ventricular fibrillation left the hospital neurologically intact,
nd late survival was excellent. This shows what can be done in a relatively
mall community among whom a high proportion are CPR-trained (Bunch TJ,
hite RD, Gersh BJ. Long-term outcomes of out of hospital cardiac arrests

fter successful early defibrillation. N Engl J Med 2003;348:2626-33).

Concurrently, however, implantable cardioverter defibrillator (ICD)
reatment for VT-VF (Fig 1) was getting more popular, primarily due to
nreliability of anti-arrhythmic agents for prevention of SCD.18,19 None-
heless, due to the lack of any randomized data comparing anti-arrhyth-
ics to defibrillator efficacy there still remained a lot of skepticism. A

entral point of contention was whether all of these therapies alone or in
ombination had any significant positive impact on overall mortality. If
he high-risk population already had limited survival, expensive therapy
uch as ICD would ultimately play a limited role. There was also a
rowing sense that due to a variety of factors, the incidence of cardiac and

IG 1. Surface ECG of a functioning ICD system in response to VT. The onset of spontaneous rapid
olymorphic VT is depicted. The device detects and terminates the arrhythmia to patient surprise
ecause the VT had not produced any symptoms yet. Reproduced with permission from Tchou PJ,
adri N, Anderson J, Caceres JA, Jazayeri M, Akhtar M. Automatic implantable cardioverter
efibrillators and survival of patients with left ventricular dysfunction and malignant ventricular
rrhythmias. Ann Intern Med 1988;109:529-34.
urr Probl Cardiol, June 2004 305
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udden death was declining and additional survival benefits from ICD and
ther anti-arrhythmic therapy may not materialize. Conversely, however
t has been argued that if SCD accounts for half of cardiovascular deaths
nd that the latter being the number one cause of mortality in the United
tates, reduction in the overall death rate from heart disease should be
emonstrable if SCD was eliminated or markedly reduced. From the
andomized trials done so far, testing ICD versus non-ICD therapy, it
ppears that device therapy is superior to alternative forms.20-26 With
volution in the understanding of cardiac disease, causes of sudden death
nd the most effective treatment for VT-VF related mortality, it is
nticipated that ICD therapy will become an essential component of
ardiovascular care. It seems timely, therefore, to reacquaint the readers
ith one of the most explosive implantable device developments in

IG 2. Epicardial lead system. The figure is a schematic display of epicardial leads used in early
xperience of ICD implantation. The 2 patches (high voltage shocking leads) placed anteriorly and
osteriorly (dotted) are shown. Separate leads placed in a healthy part of the muscle were used for
ipolar sensing. All 4 leads are then tunnelized to an abdominal or subcostal area and connected to

he ICD generator; this position of the ICD was necessary due to the size of the generator. Although
his combination of patches and lead are seldom used now, many patients still have functioning
picardial leads that have gone through multiple ICD generator changes. Patients undergoing
horacic or cardiac surgery who have had such devices previously placed should have proper
uestioning about it and a PA and lateral chest radiograph must be obtained.
06 Curr Probl Cardiol, June 2004
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edicine. The discussion on the topic will be presented under several
eparate titles for clarity, and also to allow the reader to choose an area in
hich he or she is most interested.

. J. Gersh: I find the use of the word “explosive” in this context quite
vocative. Undisputed, however, is that the pioneering work of Dr Michael
irowski in the late 1960s has resulted in a therapeutic revolution.

istorical Perspective
ince the time of external DC cardioversion (CV)-DF, it has been clear

hat with an electrical shock delivered promptly with adequate energy,
T-VF can be terminated and a more hemodynamically stable rhythm

estored.27 Dr Michael Mirowski, born in Warsaw, Poland, experienced
he death of a friend from VT-VF in 1966. The idea of an implantable
ersion of the defibrillator was born and Dr Mirowski spent the rest of his
rofessional career trying to somehow bring the idea to reality.28 In the
arly 1970s, there was considerable doubt among his peers regarding the
racticability of such an endeavor.29 Implantation of a large object,
urgically implanted and capable of delivering a shock that visibly jolted

IG 3. Endocardial lead with pectoral ICD implant. Schematic showing a single lead with a coil
roximal and sensing electrode (tip) connected to a pectorally placed ICD generator. The shock vector

s between the coil (in RV proximal electrode) and the casing of the generator functioning as the other
lectrode. The electrical field so generated is usually sufficient to defibrillate the heart.
urr Probl Cardiol, June 2004 307
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he body seemed barbaric to some.29 Dr Mirowski’ s commitment to this
roject took impetus when a collaboration occurred between Intec, a
ubsidiary of Medrad, Inc and Dr Mirowski’ s team. The initial prototype

ABLE 1. General characteristics of ICD

ICD Model
Manufacturer*

Volume
(cm3)

Weight
(g)

Dimensions
H�W�D (cm)

uidant
Vitality DS 30 82 5.9 � 6.5 � 1.1
Vitality AVT 30 82
Contak Renewal 3 37 89 6.5 � 5.5 � 1.2
edtronic
Marquis, DR 36 75
Gem III, DR, AT 39.5 78
InSynch II MarquisI 32 77

t. Jude
Epic �DR 33 70 6.4 � 5.0 � 1.3

All models listed here have dual chamber (RA-RV) pacemaker.
CD, Implantable cardioverter defibrillator; CM, centimeter; G, grams; NIEP, noninvasive
P studies.

ABLE 2. Therapy choices available with ICD

ICD Model*

Therapy Options Other Features

ATP CV Defib

Dual
Chamber
Defib or

Biventricular
Pacing

Bradycardia
Pacing,
Modes

uidant
Vitality DS Yes Yes Yes No Yes, all modes
Vitality Avt dual

chamber
defibrillator

Yes Yes Yes Dual chamber
defibrillator

Yes, all modes

Contak renewal 2 Yes Yes Yes Biventricular
pacing

Yes, all modes

edtronic
Marquis, DR Yes Yes Yes No Yes, all modes
Gem III, DR, AT Yes Yes Yes Dual chamber

defibrillator
Yes, all modes

In Synch II,
Marquis,
Biventricular

Yes Yes Yes Biventricular
pacing

Yes, all modes

t. Jude
Epic� DR Yes Yes Yes No Yes, all modes

All models listed have dual chamber (RA-RV) pacemaker.
08 Curr Probl Cardiol, June 2004
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evice was implanted in a canine and its functionality demonstrated in a
ideo where the onset of VF, collapse of the animal, device shock, and
ecovery of the animal was displayed.30

The first human implant occurred in 1980 and FDA approval of the

General Features

Header
Configuration NIEP

Local
Electrocardiogram

Longevity Range
(y) (full pacing)

DDDR mode

S5-1, DF-1 Yes Yes 5.3–6.0
S-1, DF-1 Yes Yes 5.5–6.5
V-1, 1S-1, DF-1 Yes Yes Standard

S-1, 3 DF-1 Yes Yes 4.0–6.2
S-1, 2 DF-1 Yes Yes 3.3–4.5
S-1, 2 DF-1 Yes Yes Standard

S-1, DF-1 Yes Yes 4.5

Other Features

Tachycardia
Zones

Program
Delivered

Energy Range
(joules)

Waveform
Programmable

Polarity Active Can

hree 0.1-31 Mono, biphasic Programmable Yes
hree 0.1-31 Mono, biphasic Programmable Yes

hree 0.1-31 Mono, biphasic Programmable Yes

hree 0.2-30 Mono, biphasic Programmable Yes
hree 0.2-30 Mono, biphasic Programmable Yes

hree 0.2-30 Mono, biphasic Programmable Yes

hree 1.0-31 Mono, biphasic Programmable Yes
urr Probl Cardiol, June 2004 309
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evice took place in 1985.31 At the time of approval, the Intec device
eighed close to 300 g and had a volume of around 200 cm3. It required

horacotomy to implant, which initially used a patch and a coil to patch
ector. The patch was placed over the left ventricle and positioned
aterally to encompass most of the ventricular mass within the electrical
eld generated by the shock. The generator was placed subcostally to
ccommodate its size. Soon after that time, Intec was acquired by Cardiac
acemakers Incorporated, a division of Eli Lilly. Further developments

ncluded the use of two patches (Fig 2) and array of leads and decrease in
ize, tiered therapy, programmability of various aspects of tiered therapy,
ectoral implants and shock vectors (Fig 3), sensing algorithm, and
attery life, etc.
At the same time, two other manufacturers, Medtronic and Ventritex,
eveloped their own ICD with some different features but essentially
similar purpose, ie, sensing and CV-DF of VT-VF. From the first

evice introduced by Medtronic, the competition has been quite fierce.
plethora of devices and lead innovation has taken place. The most

isible of these, of course, has been the size of the generator. The
ctual dimensions and some common features of the most current
evices are listed in Tables I and II for the readers to get some
omparative idea. It is anticipated, however, that a further miniatur-
zation of the ICD generator will take place. It is important to realize
owever that a variety of ICD models will continue to exist, some
roviding simpler and others more complex functions.
In addition to the weight and volume, the overall shape and thickness of

he generator and implant location (Fig 3) has also changed over time.
any of these changes are in response to perceived or actual improve-
ent in patient comfort for an implantable device in all age groups and

izes.
As will be outlined later, many other aspects of device technology
ave undergone improvements, which include programmable therapy
ptions, VT-VF sensing algorithms, stored electrograms, and a variety
f other data storage that can be retrieved later (Fig 4-6) (Tables I and
I).

. J. Gersh: The evolution of ICD therapy is being characterized by rapid and
onstant technological improvement, leading to a consistent increase in the
unctionality of the device. Probably the major innovations have been the
bility to implant this transvenously and the addition of back-up pacing.
10 Curr Probl Cardiol, June 2004
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IG 4. This is a sample of some of the features that can be programmed and retrieved noninvasively to
ssess the performance of the system. In this patient with multiple episodes of VT and who also has atrial
brillation, this device (Medtronic 7272) shows some of the parameter settings (panel A). Panel B displays
hat actually happened with the episode. Within 6 seconds of arrhythmic duration VT was terminated with
19.5 J shock. The impedance, polarity, and charge time, etc. can all be evaluated. A, Atrial; EGM,

lectrogram; FVT, fast ventricular tachycardia; NID, number of intervals detected; SVT, supraventricular
achycardia; V, ventricular; VF, ventricular fibrillation; VT, ventricular tachycardia. Mode Switch: conver-
ion to VVI mode when atrium is in atrial fibrillation.
urr Probl Cardiol, June 2004 311
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a e above, it shows an atrial electrogram with fibrillating waves.
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IG 5. Taken from the same patient who has both atrial and ventricular leads; associated marker and el
how ventricular pacing (VP) with corresponding ventricular electrogram atrial electrogram marked A
trial refractory period due to ventricular sensing or too close to prior A signal. Panel B, In addition to th
hese were the baseline ECG parameter from the patients whose arrhythmic event (episode 12) is d



F spectively. Marker for size standardization is at the beginning.
T as the same connotation ventricular markers initially shows VT
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fu CD). VT terminates and spontaneous conducted complexes are
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IG 6. . Episode 12 is shown in this example. The top 2 tracings are atrial and ventricular recording, re
his tracing shows event markers with various explanations and intervals measured in msec. AR, AS h
r VF as sensing depending on the programmed rate criteria. The arrhythmia is VF (F/S) and initiated
lly charged, redetection takes place. If the same arrhythmia is ongoing, a 19.5 J shock is delivered (

een, continue for two complexes, and then ventricular pacing is initiated. It should be noted that durin
een in the atrial electrograms. Shock delivery interrupts the tracing momentarily due to saturation ar
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ssentials of Defibrillation Therapy
Restoration of normal rhythm with DC shock from transthoracic

lectrodes is a routine medical practice.27 The current required to
erminate VF is approximately 200 joules and has been shown during
ardiac resuscitation efforts.32 Defibrillation can be accomplished with
ower energy by positioning the electrodes closer to the heart. The
tilization of lower energy for DF has also gone through significant
volution. This includes use of transvenous coils, a transvenous coil and
atch combination, and two patches with or without additional electrodes
uch as a sub-Q array of leads. The current practice is predominately to
se a combination of transvenous electrodes while the casing of the
enerator functions as the other electrode (active or hot can) (Fig 3). With
rogrammable shock vector combinations, one can achieve a desirable
F threshold in vast majority of the patients. In rare cases, thoracotomy
ay be necessary. The transvenous implantation of the lead with one or

wo shocking coils is done through cannulation of the cephalic, subcla-
ian, or other veins, quite similar to permanent pacemakers. However,
epending on the number and size of leads, several venous cannulations
ay be necessary.
After leads are placed in the appropriate location, they are connected to

he generator and placed in a pectoral pocket (usually the left) and testing
f sensing and DF is started. In the following paragraphs, the key
omponents of the ICD system are outlined which, would help to
nderstand the functioning of the ICD system.

he ICD System
Encased in titanium alloy, the generator is an engineering marvel that

ontains the battery, capacitors, transformers, and electronics.33 Its basic
urpose is to provide reliable sensing and DF. The battery is lithium silver
anadium oxide and provides all of the low-voltage energy functions and
igh-voltage energy for DF through charging circuitry and transformer.
nce a tachycardia is sensed, capacitor charging is initiated. The

apacitor consists of an anodal and a cathodal foil with electrolyte
mpregnated paper separator. The amount of charge a capacitor can hold
s related to its surface area. Etched aluminum has been used to increase
he surface area of the anode and di-electric layer of aluminum oxide and
eposited on the anode by a process known as formation. The di-electric
elps to store the charge. The traditional ICD capacitor is rolled and is 17
m in diameter, and 2 of these are necessary to create up to 750 volts.
uring the charge, low voltage from the battery is converted into
14 Curr Probl Cardiol, June 2004
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igh-voltage energy for a brief period and stored in the capacitor for rapid
ischarge. Capacitors store maximum energy ranging from 1.7 to 3.6
/con 3. The more conventional rolled capacitor has less energy density
han the newer flat cap capacitor. The type of capacitor used impacts the
hape, size, and thickness of the generator and also the capability of
aximum delivery.
The electronic circuitry has many programmable and nonprogrammable

eatures designed for various sensing and therapy algorithms, which will
e discussed later.
The complexity of the generator depends on the ultimate purpose for its

mplant. The single-chamber ICD using one or two shocking coils is now
ess frequently used and dual-chamber pacing and ventricular DF is on the
ise. Some of the basic ICD types used in clinical practice are listed here.
A. Single-chamber ventricular DF device. The current examples are
arquis VR (Medtronic) Vitality VR (Guidant) and Epic� (St Jude). As the
ost basic device, it is intended to treat VT-VF only, with a single lead

laced in the right ventricle using the generator can as the other electrode
active or “hot” can, Fig 3) or have a vector utilizing right ventricle, superior
ena cava, or left innominate vein. This long electrode (or coil) can be part
f a single lead or can be a separate lead. The details of various leads used
n conjunction with and ICD system can be obtained through the physician
anuals from each manufacturer. A second lead is only necessary if the

esired interelectrode distance and, hence, the DF efficacy cannot be
chieved with the initial lead system. For the most part, acceptable DF and
afety margin is achievable with a simple vector using right ventricular (RV)
oil and active can configuration where the cathode is RV and anode is the
ctive can (Fig 3). The polarity of the shock vector can be reversed and is a
rogrammable feature in most current devices (Table II). In some patients,
he vector configuration between the right vent apex and proximal electrode
s sufficient. When a three-electrode configuration is used, it is generally RV
o an active can with programmable polarity, and proximal electrode to the
ctive can, also with programmable polarity. Since the main goal of a DF
hock is to terminate VF (a statistical phenomenon), the most appropriate
ead location is explored at the time of implant.

. J. Gersh: For reasons that are not clearly understood, biphasic shock
ave forms have resulted in a substantial improvement in defibrillation
fficacy (Glikson M, Friedman PA. The implantable cardioverter defibrillator.
ancet 2001;357:1107-17).
urr Probl Cardiol, June 2004 315
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All current devices have back-up bradycardia pacing with rate responsive-
ess. The main disadvantage of this combination (ie, DF and bradycardia
acing) is that the constant pacing significantly reduces the longevity of the
enerator. On the flip side, there are several advantages of this combination.
o mention a few: (1) single rather than two devices with fewer leads, (2)
ost of two separate devices versus the single, and (3) possible interaction
etween a separate pacemaker generator (could be from a different manu-
acturer) with the ICD could lead to nondelivery of the ICD shock.
B. Ventricular DF with dual chamber (right atrial [RA] and RV) pacing and

ensing (Figs 2-4). The ICDs with these features also have rate responsive-
ess. Examples are the Marquis DR (Medtronic), Vitality DS (Guidant),
pic� (St Jude) (Table II). The ventricular DF is similar to what was
escribed previously. An additional atrial lead, however, is necessary.
C. Dual-chamber (RA, RV) pacing and dual chamber DF. Here the

dditional feature is the ability to defibrillate the atrium, and can be used
or conversion of atrial fibrillation (AF). Other atrial arrhythmias can also
e terminated with such a depolarizing shock. However, antitachycardia
acing (ATP) and high-frequency bursts are preferable and are also
ncorporated in the device. Currently, the devices for dual-chamber DF
re Medtronic’ s Gem III DR AT and Vitality AVT from Guidant (Table
I). During a depolarizing shock to terminate AF, the energy utilized is in
xcess of 1.0 J, and is likely to be perceived as an uncomfortable
ensation. Repeated use of shock for termination of AF will remain the
ain limitation for these devices for use in AF. The key difference

nrelated to technology of AF versus VT/VF devices is the fact that AF
er se is not life threatening and the recipient of atrial DF shock is fully
lert. Hence the pain and discomfort sensation must be eliminated or
arkedly reduced. A variety of options to deal with this reality are being

ddressed. They include: (1) use of different vectors for energy
elivery, ie, different than intracavity electrodes to hot can or CS-RA
ector; (2) decrease the voltage and increase the duration or shape of the
F shock; (3) spread of energy delivery over a larger surface area of the

lectrode; (4) warning shock so that the patient can decide the location
home office, etc), timing of the shock; and (5) sedation before the shock.
D. Ventricular DF with atrioventricular (AV) sequential and biven-

ricular pacing (DF plus cardiac resynchronization). The two newer
evices of this are a Medtronic InSync II, Marquis, and Guidant
ontak Renewal 3 (Table II). These devices require an additional
lectrode via the coronary sinus to be placed in one of its branches for
eft ventricular (LV) pacing. If one accepts that CV mortality
redominately occurs in two ways, ie, VT/VF or pump failure, concept
16 Curr Probl Cardiol, June 2004
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f a device that will improve the odds of benefiting both aspects is
ery attractive. Ventricular defibrillators have already proven that CV
urvival can be improved with an ICD in patients with CAD and a low
eft ventricular ejection fraction (LVEF).21-26 Prolongation of life in
atients with overt congestive heart failure (CHF) by ICD has been
ecently shown.34 However, the biventricular pacing component of the
evice improves the quality of life in NYHA Class III and IV
atients.35-37 The combination of the two technologies makes sense if
he clinical trials will show a value of VT-VF devices in these patients
ith severe CHF. It is also becoming apparent that patients with a poor
VEF, ie, �40% and/or CHF, the presence of left bundle branch block

eads to further deterioration of LV as a pump due to desynchroniza-
ion of LV contractions. It is intriguing to postulate that the same may
appen with artificially induced left bundle branch block, ie, the RV
acing. In the event the data reveals that LV or biventricular pacing
LV pacing via coronary sinus) improves the ventricular performance,
uch pacing may become the preferred method for ventricular pacing.
ecause most patients with VT due to CAD have poor LV function, a
entricular DF device with concomitant backup biventricular pacing
ay become a better option at the initial implant in patients with wide
RS complexes, ie, �140 msec.

. J. Gersh: This was the conclusion of the DAVID trial, which suggested that
ual-chamber pacing at the rate of 70 beats/min increased the end point of
eath or hospitalization for heart failure in comparison with ventricular backup
acing (Wilkoff BL, Cook JR, Epstein AE, et al. Dual-chamber pacing or
entricular backup pacing in patients with an implantable defibrillator: the
ual Chamber and VVI Implantable Defibrillator (DAVID) Trial. JAMA
002;288:3115-23).

ccurate identification of arrhythmia is critical for success of an ICD, and
as been of great concern from the birth of this device. In the ensuing
ages, the various methods used, rhythm identification, and logic behind
re outlined.

ensing And Detection By ICD
Proper functioning of an ICD is dependent on reliable sensing of the
entricular depolarizations. To accomplish this, a two-part fully inte-
rated system with sensing amplifier and detection algorithms has been
urr Probl Cardiol, June 2004 317
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ncorporated in the devices, even though sensing and detection are two
ifferent functions.
Sensing. During sensing, the sense amplifier amplifies, filters, and

ectifies incoming electrogram signals. Then it compares them with
ensing threshold and produces a set of R-R intervals for the detection
lgorithm to process the signals.
Detection. During detection, the detection algorithm classifies and

ounts the R-R intervals to decide whether a sustained arrhythmia is
resent. The ideal detection algorithm is the one that can detect low
mplitude, fluctuating VF spirals, and differentiate VT and supraventric-
lar tachycardia (SVT). It must ignore “T” waves during sinus rhythm,
onsustained arrhythmia, AF, sinus tachycardia, and myopotentials. It
lso should be able to switch therapies as arrhythmias change, redetect
ftershocks, grapple with signal changes after therapy, and evaluate the
ffectiveness of therapies. At present, however, inappropriate arrhythmia
etection occurs in 16% to 53% of ICD patients38,39 and result in
nwarranted therapies, with potential pro-arrhythmic consequences.
The first generation of ICDs had excellent sensing during VF, despite

he fact that they lacked data logging and electrogram shape options.
hese devices used the so-called “automatic gain control” that allows the
ensing system to adapt to changes in signal amplitude with different
hythms. Signals as low as 0.2 to 0.3 mv usually associated with fine VF
an be sensed with this algorithm. With automatic gain control (Guidant),
he threshold for detection of a signal is a function of the amplitude of the
reviously sensed signal, and the gain continuously varies, so that the
mplitude of the processed signal is relatively constant. Despite being the
old standard for its obvious clinical efficacy and widespread use in
evices, this feature is not without limitations. There are documented
eports of failure to sense VF and “T” wave oversensing, as well as
CD-pacemaker interactions, leading to inappropriate detection and
hocks.40-42 Another form of sensing called “automatic sensitivity track-
ng” (Medtronic, St Jude), allows the system to deal with rapid change in
lectrogram amplitude, eg, during VF. The limitation of this system is that
f filtering is optimized for VF, it may oversense “T” waves or undersense
ery-low-amplitude VF late in the episode. “Automatic threshold con-
rol” sets the sensitivity to a proportion of the amplitude of the last sensed
vent. The sensitivity then gradually increases until the next event is
ensed. Despite the use of automatic-adjusting sense amplifiers, sensing
roblems are still encountered. All ICDs currently in use employ cardiac
ate above the programmed limit as evidence of tachyarrhythmia pres-
nce. The sensitivity of rate criterion is excellent, but rate alone is a
18 Curr Probl Cardiol, June 2004
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onspecific indicator for VT and may be mimicked by a variety of
achycardias including sinus tachycardia. When one of the shocking
lectrodes is also used for bipolar sensing (integrated bipolar), postshock
ecrease in signal amplitude and quality can occur and may lead to delay
n redetection of VF, a problem largely circumvented in some modern-
ay ICDs with the use of true bipolar sensing43 where none of the two
lectrodes are used for therapeutic shock.
With the rate cut-off as the sole criterion, VF is among the least difficult

rrhythmias for the ICD to recognize. Ventricular fibrillation detection is
onfirmed by the device once a preset number of sensed events, ie, 8/12
ntervals, etc, are shorter than the VF rate cutoff. In the era of committed
evices (mostly obsolete), after satisfaction of detection algorithm, and a
redetermined delay period, the high-voltage capacitors were charged and
ommitted to shock delivery. In currently available ICDs, VF must be
econfirmed at the end of capacitor charging and before delivery of the
ctual shock therapy. Since VT and SVT with 1:1 P-QRS relationship are
ore difficult to distinguish from each other, and shock therapy for SVT

s undesirable, more enhanced sensing algorithms have been incorporated
oth in single- and dual-chamber ICDs.

T-SVT Discrimination
Historical approaches to differentiating supraventricular from ventric-
lar tachycardias by ICD have been rate-based. To increase the specificity
or VT, certain other options like suddenness of onset and rate or interval
tability have been incorporated and are independently programmable.
ost ICDs today also offer some form of electrogram morphology

nalysis to increase discrimination specificity. Using the previously
entioned algorithm, sinus tachycardia may be differentiated by its more

radual onset,44 and prematurity (sudden change in cycle length)45 of the
rst interval of the tachycardia exceeding the rate cut-off is of value in
istinguishing VT from SVT, but several SVT forms may also fulfill such
riteria. Cycle length stability can be used to differentiate AF from regular
VT and VT. The criteria mentioned previously may be further refined by
ombining it with a prespecified arrhythmia duration (eg, 2.5 seconds,
uidant) above the rate cutoff before confirmation of the tachycardia.
nother method is the “morphology discrimination,” whereby the
orphology of the detected arrhythmia, including the number, amplitude,

equence, and polarity of waveform peaks are analyzed. This algorithm is
ased on the principle that any rhythm originating in the ventricle exhibits
morphology fundamentally different from one having a nonventricular
urr Probl Cardiol, June 2004 319
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rigin. It compares the morphology of the arrhythmia with a template
tored during the normal sinus rhythm.
Unfortunately, in spite of all these algorithms used in combination with

he rate criterion, inappropriate therapy delivery remains a problem.
entricular tachycardias do not invariably start suddenly and may be

rregular as well. The problem is further compounded in patients with
xed, functional, or rate-dependent intraventricular conduction delays,
here VT may get classified as SVT. In such cases, delayed detection of
T may result in other clinical sequelae like presyncope and syncope.

. J. Gersh: In some series, inappropriate shocks primarily due to detection
f supraventricular arrhythmias and sinus tachycardia were reported in
pproximately 30% of patients. This is a major problem that has a detrimental

mpact on the quality of life.

ual-Chamber Sensing for VT/SVT Discrimination
The addition of atrial sensing information in dual-chamber ICDs
romised better performance.45 Dual-chamber ICDs’ rhythm discrimina-
ion follows a stepwise analysis of rate, stability, AV relationship, and
nset. Different manufacturers have different algorithms as outlined next.
To detect monomorphic VT, most ICDs average, or sample tachycardia

ntervals. Monomorphic VT lends itself to detection by a specific
lgorithm when it is hemodynamically well-tolerated and has a large
table amplitude and a monocyclic nature. “PR Logic,” the detection
lgorithm in Medtronic devices (Gem, Gem111, Marquis), has been
hown to clinically reduce the number of inappropriate VT detection,
hile maintaining 100% sensitivity for sustained VA.
PR Logic uses rate, pattern regularity, and AV dissociation to discrim-

nate SVT and true VT-VF. Once detection is met by rate-only counters,
R Logic is applied. If it is able to identify an ongoing SVT, therapy is
ithheld. If at any time during the episode, PR Logic is unable to define

n SVT, VT-VF therapy is delivered. PR Logic is programmable through
our parameters, including SVT/VT limit and three “on-off switches” for
fib/Flutter, sinus tachycardia (ST), other SVTs.
Pattern recognition in PR Logic is accomplished by calculating the
umber and position of atrial events relative to ventricular events. PR
ogic looks at two consecutive V-V intervals and assigns a pattern code

o each beat and compares it with the predefined SVT pattern. Each V-V
nterval is divided into 4 zones: two junctional zones, one retrograde, and
20 Curr Probl Cardiol, June 2004
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ne antegrade zone. The antegrade and retrograde zones are defined based
n a percentage of each V-V interval. A nominal pattern template is
hown (Fig 7). Refinements have been made in the PR Logic in the latest
odels (Gem111, Marquis), including programmable 1:1VT-ST bound-

ry, enhanced far-field R-wave criterion, and transition counter. VT-ST
oundary is specifically designed to address SVTs with long PR intervals.
his enhancement allows for the PR Logic’ s ability to withhold therapy

or SVTs with 1:1 conduction and long PR interval. 1:1 VT:ST boundary
escribes the antegrade zone of the pattern template, and is defined as the
V interval divided by the V-V interval, and is expressed as a percentage

nd the nominal setting is 50%.
Reprogramming the VT-ST boundary must be done with extreme

aution. In patients with 1:1 VA conduction, increasing the antegrade
one has the potential of decreasing sensitivity for VT with long and
onsistent 1:1 retrograde conduction. Enhanced far field R waves,
equires 4/12 ventricular intervals containing evidence of far-field R
aves before classifying it as sinus tachycardia. The transition counter in
R Logic holds the definition of an SVT in progress even though the SVT
ules are no longer met. This allows for reclassification of arrhythmia if
here is a transition between different types of SVTs. If PR Logic is
nable to identify a different or ongoing SVT, VT detection is satisfied
nd therapy is delivered. With incorporation of the above-enhanced
etection algorithm, the incremental specificity is �85%, positive pre-
ictive value of 95%, while maintaining 100% sensitivity for sustained
T and VF in patients with SVT and long PR interval.
In ICDs with atrial sensing leads, the rhythm discrimination can also be

IG 7. PR Logic divides each V-V interval into 4 zones: 2 junctional zones, 1 retrograde zone, and
antegrade zone. The junctional zones are defined as 50 ms post-ventricular event and 80 ms

re-ventricular event. The antegrade and retrograde zones are defined based on a percentage of
ach V-V interval. PR Logic classifies rhythms with a 1:1 A-V relationship as sinus tachycardia when
here is a single antegrade atrial event for every ventricular event.
urr Probl Cardiol, June 2004 321
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ivided into two broad based classes depending on the relationship
etween atrial and ventricular activity, ie, associated or dissociated:

. 1:1 AV association, eg, sinus tachycardia, VT with 1:1 VA conduc-
tion, atrial flutter with rapid ventricular response.

. AV dissociation, eg, nonventricular arrhythmias occurring simulta-
neously with VT.

V Rate Branch
In St Jude devices (Atlas, Photon Epic series), AV rate branch takes the

orm of a three-way decision tree. It is based on the concept that an atrial
ate faster than or equivalent to a concurrent rapid ventricular rate
enerally suggests an arrhythmia other than VT or VF. When an
rrhythmia is detected in the rate overlap zone (the region between the
atients slowest VT and his or her maximum sinus rate), the system
easures and compares the median atrial and ventricular rates within the

receding intervals. Of note, this becomes the first step in the discrimi-
ation process, other criteria like onset, stability, and morphology
iscrimination are not used until the AV relationship is established. Three
ossible scenarios for rate comparison are shown (Fig 8). VT (V�A) is
reated immediately. An episode that falls in V�A category is suggestive
f an arrhythmia like atrial flutter or fibrillation, and additional discrim-
nation features are used to distinguish VT from the former. Next, the
tability criterion (recognizing AF), along with AV association algorithm
ssists in differentiating atrial flutter from VT. However, AV association
s only applicable if stability satisfies the VT criterion.
In the third scenario, VT with 1:1 VA conduction (V�A) may be

onfused with sinus tachycardia. If the device does not use additional
iscriminating algorithms, SVT is diagnosed and therapy withheld.
herefore, once any episode falls into the V�A branch, it automatically

riggers onset and morphology discrimination into action. Also, AV
elationship can be examined during AV association or if dissociated, VT
s declared.
In the Prizm (Guidant) family of ICDs, two enhancements are added: ie,
F rate threshold and VF rate � AF rate, to the pre-existing single-

hamber algorithms. The AF rate threshold enhancement is used in
onjunction with the VF rate stability and onset algorithms as therapy
nhibitors. The VF rate � AF rate enhancement is an inhibitor override
hat uses the average atrial rate to overrule all therapy inhibitors including
he ventricular rate onset or stability algorithm. This algorithm again
22 Curr Probl Cardiol, June 2004
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rovides for maximum sensitivity for VT-VF and is more sensitive than
he ventricular rate alone algorithm.
The dual-chamber algorithms described uses different analytical meth-
ds for assessment of atrial and ventricular events that occur in patients
ith cardiac disease who have tachyarrhymias. Because AF and atrial

achycardias are also common in such patient populations, these enhanced
etection algorithms help to reduce inappropriate therapies. The addition
f atrial sensing information in dual-chamber ICDs promised better
erformance. However, even these have so far not lived up to their
heoretic potential for eliminating inappropriate therapy, with ventricular
versensing adding to the problem.46,47 In the future, newer algorithms
imed at enhancing the specificity may include atrial morphology
iscrimination. Better computation of signals aimed at better sensing of
ntracardiac events will lead to smarter, albeit more complex, devices. It
hould be pointed out that, regardless of the complexity of detection
lgorithm, ICD is designed to deliver ventricular DF shock and excessive
elay in therapy delivery as the DF threshold is rising, shock delivery
ather than withholding the therapy is a safer option.

IG 8. VT/SVT discrimination using AV relationship. The Schema explains the initial step (V�A is
T/VF) a VT therapy is delivered. A�V supports various forms of SVT and further discrimination
rimarily to exclude A fib, A Flutter, or the similar arrhythmias will take place. When V�A sinus

achycardia (ST) and AV junctional SVT must be excluded. In all situations, however, if any doubt
xists VT therapy overrides all other options. A, Atrial; ST, sinus tachycardia; SVT, supraventricular
achycardia; V, ventricular; VT, ventricular tachycardia.
urr Probl Cardiol, June 2004 323
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. M. Scheinman: The authors have beautifully described available tech-
iques used for distinguishing various arrhythmia disturbances. Chronic
onitoring of these patients will allow for a host of additional benefits. For

xample, analyses of log history will allow for appropriate estimation of AF
burden” and for assessment of rate control for patients with supraventricular
rrhythmias.

The AFFIRM trial has taught us that anticoagulant therapy is required
ven in the group thought to have rhythm controls. The likely explanation
nvolves periods of AF that are not appreciated by the patients (silent AF).
nitial studies suggest that approximately 30% of AF episodes are truly
ilent.
In addition, the implanted devices allow for excellent assessment of rate

ontrol. It is well known that rapid rates produce a tachycardia-induced
yopathy. Use of device therapy allows the clinicians to monitor heart

ate. Control in patients who suffer from both supraventricular and
entricular arrhythmias.

herapy Options
The modern day ICD is capable of providing both tachyarrhythmia and
radyarrhythmia treatment options.

entricular Tachyarrhythmia Therapy
Antitachycardia therapy can be applied in stages, so-called tiered

herapy, and these are outlined below.48-50

Defibrillation and CV are the two primary high-voltage therapies.
ntitachycardia pacing (ATP) is an added therapy option to terminate
rganized VT, whereby bursts of low-energy pacing pulses are delivered
hrough the ventricular (pace/sense) electrodes. Although the ICD was
onceived as a device meant for immediate treatment of VF, evidence that
any out-of-hospital VF survivors have inducible VT, and spontaneous
Ts can degenerate into VF, provided a strong rationale for development
f additional therapy options, ie, to identify and terminate VT. However,
n terms of preventing VT/VF related SCD, fail-safe DF remains the most
mportant function of an ICD. For DF to be effective, a critical mass of
yocardium must be depolarized to extinguish all the fibrillatory activity

n the ventricles. The energy required to accomplish this is delivered
etween the high-energy electrodes (the generator also being an active
lectrode), which terminates VF and restores the non-VF rhythm.
Initially, the ICDs were the so-called “committed devices,” wherein,
24 Curr Probl Cardiol, June 2004
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nce VF was detected, after a predetermined delay, the capacitors were
harged and committed to shock delivered. The current-day ICDs are
non-committed,” wherein, once VF is detected (ie, 12/18 intervals, etc),
he capacitors are charged and before shock delivery, VF is reconfirmed
6/8 intervals) and only then is the shock delivered. All through the
apacitor charging period, the tachyarrhythmia is being sensed. When VF
s detected, the ICD charges the high-voltage capacitors to the pro-
rammed energy. When the programmed energy is reached, the ICD
ttempts to synchronize the pulse to the leading edge of a ventricular
ensed event. The DF pulse is timed to the first nonrefractory sensed event
f possible or delivered asynchronously, if it cannot be synchronized. The
ime interval between onset of VF and delivery of shock is 0 to 15
econds. The capacitor charge time usually varies at implant (0-10 sec),
epending on the programmed stored energy. Charge time is the time
equired to charge the capacitors to the preselected voltage. The charge
ime lengthens as the battery voltage depletes and has a linear relationship
ith the programmed voltage. Short charge times �5.9 sec (Medtronic)
r �5.0 sec (St Jude) are helpful clinically and may prevent syncope due
o the rapid arrhythmia, by quick delivery of therapy.

. M. Scheinman: The time from initial detection to shock delivery is extremely
mportant in terms of whether the patient will experience syncope associated
ith the arrhythmia. This issue comes to the fore as in the relationship to auto
riving privileges for patients fitted with defibrillators. A categorical answer to the

ssue of driving cannot be given since laws affecting driving vary from state to
tate. Nevertheless, the clinician should consult the NASPE consensus report on
his issue (see the NASPE Web site). They recommend, for example, a waiting
eriod of six months after ICD shock delivery.

The ICD therapy options have evolved from a simple nonprogrammable
shock only” device to multiprogammable, multitiered therapy options
evices. The most significant advance in this regard has been the
evelopment of ATP and low-energy CV for VT. These two antitachy-
rrhythmia therapy options have clearly expanded the applicability of
CDs to patients who are not ideal candidates for conventional high-
nergy DF therapy, eg, patients with slow VT. ICDs continue to provide
ail-safe DF back-up to the preceding therapies in the event of tachycardia
cceleration occurs subsequent to ATP or CV, or simply other therapies
mployed first to terminate VT.
ATP and CV. The development and incorporation of ATP in the ICDs

ollowed the observations that inducible monomorphic VTs in the
urr Probl Cardiol, June 2004 325
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lectrophysiologic laboratory could often be successfully pace-termi-
ated. The underlying mechanism in the scar-related VTs is re-entry. The
resence of excitable gaps within the re-entrant circuit, allow for the
uccessful penetration and termination of VT with critically timed paced
timuli.51 Antitachycardia pacing can be used both as a therapeutic and
reventive strategy, eg, pacing to prevent pause/brady-dependent poly-
orphic VT-VF. Hemodynamic tolerance of the VT is a crucial prereq-

isite for the selection of patients for ATP. Typically, ATP is effective for
Ts with cycle lengths �300 msec with a success rate of 90% to 96%.52

ecause rate is the most important determinant of the hemodynamic
utcome of VT, faster VTs are usually treated with shocks because of
bvious concerns about syncope due to delay of definitive therapy.
ecently, Walters et al53 showed that empirically programmed ATP was
ffective in up to 77% of patients with fast VTs (cycle length �320
sec), with a low incidence of VT acceleration (4%). This is important

nformation because ATP is essentially an imperceptible therapy and
voids the morbidity of painful and higher-energy shocks.

. J. Gersh: It has been known for more than 20 years that antitachycardia
acing can terminate ventricular tachycardia, but in the minority of episodes
acing can accelerate the ventricular tachycardia rate or convert ventricular
achycardia into ventricular fibrillation (Hartzler GO. Treatment of recurrent
entricular tachycardia by patient-activated radio frequency ventricular stim-
lation. Mayo Clin Proc 1979;54:75-82). This was a major factor limiting the
se of ATP in clinical practice. With defibrillation back-up, the current
ersions of the ICD have eliminated the problem. Obviously, the ability to
erminate the majority of episodes without a shock has had a major impact on
atient satisfaction.

ATP programming can be done using different stimulation protocols as
ollows:

Multiple pacing impulses with fixed or adaptive coupling intervals.
Burst pacing in which long trains of pacing impulses at a fixed cycle
length are used.
Autodecremental or ramp pacing, in which the first stimulus is
delivered at percentage of the tachycardia cycle length (typical
97%) and each subsequent extrastimulus is delivered at successively
shorter decrements of the first coupling interval (typically 10 msec).
Relatively long initial coupling interval and gradual decrements
favor capture of all the stimuli, even with relatively rapid terminal
pacing rates.
26 Curr Probl Cardiol, June 2004
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Numerous other, multicapture sequences exist, including scanning
bursts, scanning ramps, and so called universal pacing. However, none
are proven to be superior clinically to above-mentioned burst or
auto-decremental pacing protocols.

Current ICDs are programmable to at least two or more different
rotocols of ATP. Overall efficacy of ATP in terminating sustained
onomorphic VT in about 90% of cases, with an incidence of therapy

elated acceleration of �5%.
The absolute threshold for pacing versus shock therapy remains unclear

nd varies from patient to patient. In general, tachycardias with cycle
engths �300 msec should be strongly considered for immediate shock
herapy, whereas those longer than 320 to 350 msec, can be terminated
ith pacing and back-up DF. Long periods of ATP should be avoided
ecause of the clinical and hemodynamic consequences of a prolonged
ngoing VT. It cannot be overemphasized that a delay in the delivery of
uccessful therapy (shock) can also increase the DF threshold, due to
schemia generated during the ventricular arrhythmia. It should be clear
hat for preventing VT-VF sudden death, prompt DF receives the highest
riority under any form of electrical therapy hierarchy. In summary, ATP
oes provide an elegant, efficient and painless means of tachycardia
ermination. The incorporation of ATP as part of the tiered electrical
rescription has not resulted in compromise of device efficacy, size, or
attery longevity.
Pacing is also clearly useful in patients in whom tachycardia occurs in

he setting of clinical bradycardia, eg, long QT (idiopathic) and pause
ependent torsades des pointes. With the availability of dual chamber
acing in the current ICDs, continuous pacing slightly above the patients
pontaneous rates (overdrive suppression) has been effective in decreas-
ng significantly the frequency of ventricular ectopy and nonsustained VT
s well.

. M. Scheinman: The authors have properly stressed the importance of
voidance of pauses that might trigger serious arrhythmias. This issue has
een well documented for patients with the congenital Long QT syndrome.
tudies have shown (Viskin S, Alla SR, Barron HV, Heller K, Saxon L, Kitzis I,
t al. Mode of onset of Torsade de Pointes in congenital long QT syndrome.
Am Coll Cardiol 1996;28:1262-8) that most of the documented episodes of

orsades in patients with the congenital Long QT syndrome are pause
nduced torsades short-long-short sequences, or pauses alone. It should be
mphasized that ICD insertion in the patient with the congenital long QT
yndrome is not a cure and every effort should be made to prevent ICD
ischarges, since discharges may result in recurrent bursts of torsades (ICD
urr Probl Cardiol, June 2004 327
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torm). Overdrive pacing has been shown to be one effective mode of
herapy to prevent the pauses that might trigger torsades. (Dorostkar PC,
ldar M, Belhassen B, Scheinmann MM. Long-term follow-up of patients with

ong QT syndrome treated with beta blockers and continuous pacing.
irculation 1999;100:2431-6).

Cardioversion. Cardioversion shocks usually range between 5 and 15 J
ut could be lower or higher. The addition of CV as a therapy option, in
he multitiered therapy algorithms, has potential advantages, including
rompt, synchronized shock delivery and less battery drain. All the
urrent ICDs are provided with an “R” wave triggered CV modality
aving a programmable shock energy. Several points need consideration
efore CV is programmed “ON” as an option. It should be used only with
ack-up DF and not as stand-alone therapy. The efficacy of CV in
erminating very rapid VTs, ie, cycle lengths �280 msec is low, with
ntecedent danger of further acceleration. Low energy CV, therefore,
hould not be programmed into therapy zones for fast VTs. Because CV
nd ATP have similar efficacies, and the fact that ATP is painless and
etter tolerated, ATP attempts should generally precede CV attempts. It
hould however be noted that the response to ATP is not predictive of
esponse to CV and vice-versa. Use of proper hierarchy with multitiered
herapy devices contributes to better patient acceptability, decreases
attery drain, with need for fewer shocks without compromising patient
afety.

. M. Scheinman: The authors well summarize the potential problem with
ow-energy shocks. It should be emphasized that Iow energy shocks do not
bviate or lessen the chest pain felt by the patient and ICD discharge. Hence,
he potential benefits are largely mitigated by need for delivery of effective
herapy.
The importance of ATP has been well-emphasized by the authors for use in
atients with stable somewhat slower VT. Not only does ATP frequently

erminate VT in a painless fashion but also VT detection promises to teach us
good deal about efficacy of drug therapy particularly for patients with

enetic disorders that lead to ventricular arrhythmias. Currently, ICD insertion
s used as a default option because we do not know the efficacy of specific
rug treatments. With emergence of newer drug therapy a very reasonable
herapeutic approach would be to insert an ICD for patient protection while
rugs are administered. Device detection of ventricular arrhythmias serves as
n excellent method to learn both about the natural history of the disease as
ell as to assess drug efficacy in a manner that provides for maximum patient
afety.
28 Curr Probl Cardiol, June 2004
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rady Therapy
The ICD was conceived as a pure antitachyarrhythmia device and has

volved from providing postshock bradycardia backup pacing (VVI) to
he current dual-chamber rate responsive pacing capability. Not only the
ddition of an atrial lead has helped in improving the specificity of the
evice detection algorithm, but also the hemodynamic benefits can be
ccrued in patients in whom AV synchrony is crucial. From suppression
f premature beats initiating tachycardia to prevention of pause-depen-
ent polymorphic VT, bradycardia pacing capabilities offer significant
dvantages to an otherwise pure antitachycardia device.

mplantation Technique
The techniques of ICD implantation have developed in parallel with

echnical innovations. Two decades ago, the ICD system consisted of a
horacotomy lead system requiring an open chest and an abdominally
laced pulse generator (Fig 2). With the advent of nonthoracotomy lead
nd “active can” pectoral implants, using endocardial transvenous leads
Fig 3) have totally replaced the thoracotomy approach. Today the
mplant is carried out under intravenous sedation and local anesthesia
ompared with major surgery and general anesthesia earlier. The current
eneration ICDs are significantly smaller (�40 cm3) in size (Table I)
ompared with the first generator ICD (�180 cm3). Virtually all ICD
mplants in major centers are now carried out by clinical electrophysi-
logists in the electrophysiology/catheter laboratories.54

Implantation of an ICD requires a strict sterile environment and
echnique used in the operating room. The electrophysiology laboratories
ave the advantage of excellent fluoroscopic and recording equipment
nd nurses and technicians familiar with arrhythmias and the treatment of
otential complications. Moreover, an increasing number of implants are
eing carried out immediately postdiagnostic electrophysiology studies
erformed when risk stratification and transportation to another location
s not advisable. Concerns about the risk of infections due to certain
perating room conditions like laminar airflow and surgical lighting not
vailable in a typical electrophysiology lab have not been confirmed.
The basic equipment required for ICD implant is listed below:

Electrocardiogram and intracardiac electrogram monitoring systems
Fluoroscopy capable of multiple views
Portable lights/ceiling lights
Pulse oximetry
Arterial blood pressure monitoring
urr Probl Cardiol, June 2004 329
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Two external defibrillators with R2 patches
Pericardiocentsis tray

peration/Anesthesia Consideration
Critical to the pectoral implant is the pre-operative assessment of the
atients’ body habitus, assessment of chest wall thickness/deformities.
eft pectoral implants are preferred for system DF vector efficacy and

he need for current delivery to the left ventricle. If the left side cannot
e used, a right-sided approach is reasonable before proceeding to
horacotomy. With the current day devices and lead system (biphasic
hocks with variable tilt) the need for thoracotomy leads is extremely
are. Additional measures to reduce the DFTs, like the subcutaneous
rray or coil electrode can be easily placed alongside the active can in

pectoral implant. A parallel shift has occurred in the type of
nesthesia used for ICD implant. Almost all implants (pectoral) are
ow carried out under intravenous conscious sedation and local
nesthesia; the safety, efficacy of this approach has been well
stablished. In fact in one study, ICD implants carried out with local
nesthesia and intravenous sedation had higher intraoperative blood
ressure and shorter hospital stay compared with patients who
nderwent general anesthesia.
We typically use intravenous conscious sedation using incremental
oses of midazolam and fentanyl for the implant, and intravenous
ropolol for DF threshold testing. The choice of venous access depends
pon the individual operator. However, we prefer cephalic venous
pproach to subclavian vein punctures for lower incidence of lead
ractures and absence of pneumothorax. The current-day peri-operative
ortality for an ICD implant is �1%.

. J. Gersh: Nonetheless, the rate of procedure-related complications
ncluding lead dislodgment, pocket infection, device migration, diaphrag-

atic stimulation, subclavian stenosis, and vascular access problems are
uite substantial. This is comprehensively discussed elsewhere in this
onograph.

hoice of Lead
Both single and dual coil leads are available for implants. The choice
f lead depends upon the individual patient, size of the RV and the LV.
t should be noted that an effective DF will occur only when the
30 Curr Probl Cardiol, June 2004
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ajority of the heart is contained within the current field. A typical
ystem consisting of two electrode positions, one at the RV apex and
he other in the left pectoral location (active can) provides adequate
eld current to cover both the ventricles (Fig 3). If adequate safety
argin is not achieved, either a dual coil lead, ie, with one electrode

n the superior vena cava/in nominate vein or a subcutaneous array can
e added. It is noteworthy, however, that additional proximal elec-
rodes in the superior vena cava/in nominate vein is not always
eneficial and can be detrimental, for it may direct current delivery
way from the left ventricle. Patients with large RV tend to benefit
ith proximal electrode as it provides better field coverage to the

nterior part of the heart. It should be further noted that almost all
anufacturers provide a high-energy version of their defibrillators as
ell.

lectrophysiologic Evaluation of the ICD and the
ead System
This requires induction of VF and currently, evaluation of the DF

hreshold (DFT) is performed noninvasively through the device. Given
he very high success rate of DF with the current devices, use of an
mulator has been mostly abandoned. A variety of techniques are
vailable for induction of VF. We prefer to use a T-wave shock with a
our-beat drive train at 400 msec followed by a 1-J monophasic shock
elivered with a coupling interval of 290 to 310 msec. The coupling
ntervals may have to be adjusted for patients on concomitant medications
hat prolong repolarization.
For DFT delineation typically an initial energy level is chosen 10 joules

ess than the maximum energy output of the device. If the device is
uccessful in terminating VF at this energy level, DFT can be deemed to
e completed. The number of VF inductions depends upon the precision
ith which the DFT needs to be measured and often limited by patients

ardiovascular status. The measured DFT is defined as the minimum
nergy producing DF success and might be significantly lower than the
owest energy required for consistent DF. The relationship between DF
nergy and success is a probability curve, with success increasing steadily
ith each increase in energy unit, a 100% success plateau is reached. To

llow an adequate safety margin for therapy, the first programmed therapy
or DF should be at least 10 J greater than the lowest energy found to
uccessfully terminate VF.
urr Probl Cardiol, June 2004 331
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ndications for ICDs
The basic logic to the development of the ICD was to save individuals

rom VT-VF–initiated SCD. Although the device was clumsy, it delivered
depolarizing shock through ventricular myocardium to terminate VT-
F. In this regard, the ICD has proven its efficacy in all situations where

t was tested, for example in the operating room, spontaneous VT-VF,
nducible VT-VF, and even device-triggered episodes. Although the
uccess of DF is a statistical phenomenon and depends upon the energy
elivered, the success rate can exceed 99%. Higher energy does require
ore time to charge the capacitor, which may delay the shock and this

omewhat reduces the success rate. Four to five shocks of maximum
nergy are applied by the device, and if the arrhythmia does not terminate,
urther therapy is aborted; the purpose being that long delays lead to brain
amage and survival at that point may not be without undesirable
equelae. If, however the VT-VF terminate for a period of time, a series
f new full-energy shocks will be applied.
With the evolution of ATP and low-energy CVs, patients with orga-
ized VT have entered the pool of ICD recipients. Painless termination of
T with ATP has increased the acceptance of device therapy for both
atients and health professionals and hence the indications for ICDs have
rown and will continue to grow.
The initial efforts were mostly focused on prevention of SCD due to
T/VF. However it should be realized that already these devices do more

han just shock against VT/VF. For example the current devices already
ave dual-chamber pacing and sensing. The addition of biventricular
acing technology to the devices and further expansion with dual-
hamber DF will make the choice of devices and lead more complex.
lso it should not be ignored that there are only limited access points

long the greater veins, so the initial choice of device should be well
hought out; otherwise in the near future another device and more leads
ay be required and create a real problem both for implanter and

mplantee due to limited access sites.
Currently, the recommendations from AHA, ACC, and ACP are in three

ategories:

. Indicated - Class I

. May be indicated - Class IIa and IIb

. Not indicated - Class III

Each one of these classes is then supported by published supporting data
n that particular category in a descending scale of data strength, ie, A
32 Curr Probl Cardiol, June 2004
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hrough C, respectively. In the future, the indications will continue to
volve with technology.
It is clear from the foregoing that the implant, the testing of the
evice and lead system, the appropriate programming, and close
ollow-up by someone familiar with these issues, is important for
roper care of these patients.

ecommendations for ICD Therapy
Class I. 20-25,53,55-76 (See Figs 9-12.)

. Cardiac arrest due to VF or VT not due to a transient or reversible
cause. (Level of Evidence: A)

. Spontaneous sustained VT in association with structural heart disease.
(Level of Evidence: B)

. Syncope of undetermined origin with clinically relevant, hemody-
namically significant sustained VT or VF induced at electrophysi-
ology study when drug therapy is ineffective, not tolerated, or not
preferred. (Level of Evidence: B) on sustained VT in patients with
coronary disease, prior MI, LV dysfunction, and inducible VF or

IG 9. Anti-arrhythmic versus ICD (AVID) (secondary prevention trial). Survival curves are shown in
atients randomized to ICD versus amiodarone or Sotalol. As can be appreciated, the survival was
etter in the ICD recipients in patients who previously experienced life threatening ventricular

achycardia/ventricular fibrillation. Reproduced with permission from The AVID Investigators. A
omparison of antiarrhythmic drug therapy with implantable defibrillators in patients resuscitated from
ear fatal ventricular arrhythmias. N Engl J Med 1997;337:1576-83. Copyright © 1997 Massa-
husetts Medical Society. All rights reserved.
urr Probl Cardiol, June 2004 333
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IG 10. MUSTT Outcome (primary prevention trial). Patients with event are plotted against the years
fter enrollment. The best outcome in this patient group is with EP guided therapy plus defibrillator. The
ame management without concomitant ICD (dotted line) had the worst outcome, indirectly suggesting
hat ICD therapy was the critical difference. Reproduced with permission from Buxton AE, Lee KI,
isher JD, Josephson ME, Prystowsky EN, Hafley G, for the Multicenter Unstained Tachycardia Trial
nvestigators. A randomized study of the prevention of sudden death in patients with coronary artery
isease. N Engl J Med 1999;341:1882-90. Copyright © 1999 Massachusetts Medical Society. All

ights reserved.
IG 11. MADIT (primary prevention trial). Soon after the beginning of the trial it becomes clear that
he ICD provides a better chance of survival compared to conventional therapy, which turns out to be
miodarone in most cases. This study was prematurely terminated. Reproduced with permission from
oss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H, et al. Improved survival with an

mplanted defibrillator in patients with coronary disease at high risk for ventricular arrhythmia.
ulticenter Automatic Defibrillator Implantation Trial Investigators. N Engl J Med 1996;335:1933-

0. Copyright © 1999 Massachusetts Medical Society. All rights reserved.
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sustained VT at electrophysiology study that is not suppressible by
a Class I anti-arrhythmic drug. (Level of Evidence: A)

. Spontaneous sustained VT in patient without structural heart disease
not amenable to other treatments, (Level of Evidence: C)

. J. Gersh: To my mind, the high-risk patients with hypertrophic
ardiomyopathy (among which a strong family history of sudden cardiac
eath is a powerful risk factor) constitutes one of the strongest indications

or an ICD implant. Sudden cardiac death and hypertrophic cardiomyop-
thy are usually “both from the blue” and the majority of patients are
symptomatic or mildly symptomatic before the episodes. Moreover, the

ntervals between recurrences may be lengthy. ICD in the primary and
econdary prevention of sudden cardiac death and hypertrophic cardio-
yopathy has revolutionized the clinical management of patients and their

amilies with this disease (Maron BJ, Estesna III, Maron MS, et al. Primary
revention of sudden death as a novel treatment strategy in hypertrophic
ardiomyopathy. Circulation 2003;107:2872-5).
IG 12. MADIT II (primary prevention trial). The graph again displays the superiority of ICD for
revention of mortality. The death rate with conventional therapy is statistically lower (P � .007) in
atients with a left ventricular ejection fraction of �30% due to CAD. Reproduced with permission
rom Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, et al. Prophylactic implantation
f a defibrillator in patients with myocardial infarction and reduced ejection fraction. N Engl J Med
urr Probl Cardiol, June 2004 335
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Class IIa. 25 Patients with LVEF of �30% at least 1 month after
yocardial infarction and 3 months post coronary artery revascularization

urgery, (Level of Evidence: B).
Class IIb. 77-93

. Cardiac arrest presumed to be due to VF when electrophysiologic
testing is precluded by other medical conditions. (Level of Evidence:
C)

. Severe symptoms (eg, syncope) attributable to ventricular tachyar-
rhythmias in patients awaiting cardiac transplantation. (Level of
Evidence: C)

. Familial or inherited conditions with a high risk for life-threatening
ventricular tachyarrhythmias such as long-QT synchrony or hypertro-
phic cardiomyopathy. (Level of Evidence: B)

. Nonsustained VT with CAD, prior MI, LV dysfunction, and inducible
sustained VT or VF at electrophysiologic study. (Level of Evidence:
B)

. Recurrent syncope of undetermined origin in the presence of ventric-
ular dysfunction and inducible ventricular arrhythmias at electrophysi-
ologic study when other causes of syncope have been excluded. (Level
of Evidence: C)

. Syncope of unexplained origin or family history of unexplained
SCD in association with typical or atypical right bundle-branch
block and ST-segment elevations (Brugada syndrome). (Level of
Evidence: C)

. Syncope in patients with advanced structural heart disease in whom
thorough invasive and noninvasive investigations have failed to define
a cause (Level of Evidence: C)

. J. Gersh: One has to be very careful before establishing that the
rrhythmia was due to a reversible cause. Hypokalemia, for example, may
ccur as a secondary phenomenon and many patients with apparently “acute

schemic” episode recurrent arrhythmias occur after coronary revasculariza-
ion (Kliegel A, Eisenburger P, Steurz F. Survivors of ventricular tachyarrhyth-
ias due to transient or reversible disorder have a higher recurrence rate of

ethal cardiac events. Resuscitation 2002;54:237-43) (Baoudeg Niebauer M,
luwahal. Incidents of implantable defibrillator discharges after coronary

evascularization in survivors of ischemic sudden cardiac death. Am Heart J
995;130:277-80).
36 Curr Probl Cardiol, June 2004



1

2
3

4

5

6

7

8

B
r
i
a
w

C

o
p

d
i

C

Class III. 94-103

. Syncope of undetermined cause in a patient without inducible ventric-
ular tachyarrhythmias and without structural heart disease. (Level of
Evidence: C)

. Incessant VT or VF. (Level of Evidence: C)

. VF or VT resulting from arrhythmias amenable to surgical or catheter
ablation; for example, atrial arrhythmias associated with the Wolff-
Parkinson-White syndrome, right ventricular outflow tract VT, idio-
pathic left VT, or fascicular VT. (Level of Evidence: C)

. Ventricular tachyarrhythmias due to a transient or reversible disorder
(eg, acute myocardial infarct, electrolyte imbalance, drugs, or trauma)
when correction of the disorder is considered feasible and likely to
substantially reduce the risk of recurrent arrhythmia. (Level of
Evidence: B)

. Significant psychiatric illnesses that may be aggravated by device
implantation or may preclude systematic follow-up. (Level of Evi-
dence: C)

. Terminal illnesses with projected life expectancy less than 6 months
(Level of Evidence: C)

. Patients with CAD with LV dysfunction and prolonged QRS duration
in the absence of spontaneous or inducible sustained or nonsustained
VT who are undergoing coronary bypass surgery. (Level of Evidence:
B)

. NYHA Class IV drug-refractory CHF in patients who are not candi-
dates for cardiac transplantation. (Level of Evidence: C)

. J. Gersh: Within the next year or two, we should have the results of several
andomized trials that we hope will clarify the indications for ICD implantation
n patients with and without underlying ischemic heart disease. There are old
nd new methods of risk stratification, including T-wave alternans in patients
ith left ventricular dysfunction as currently under prospective evaluation.

omplications Associated with ICD
A variety of untoward problems can be associated with the implantation
f these devices. These can be generally divided into those due to (1)
rocedure-related, (2) lead-related, and (3) generator-related.
Implantation Procedure-related Complications. This depends a great
eal on the overall expertise of the operator. However, as with any
nvasive procedure, certain statistical odds are that over a number of
urr Probl Cardiol, June 2004 337
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rocedures some complications will occur. These include bleeding,
lotting, tissue perforation, hematoma, pericardial effusion, hemo- and
neumothorax, air embolism, infection, seroma around the generator, and
oronary venous occlusion where the coronary sinus is cannulated for LV
acing. Perhaps pericardial effusion leading to tamponade, and death are
he most serious of procedure-related complications, but they are fortu-
ately rare. In our own experience, the overall mortality related to ICD is
ess than 1 in 1000 going back to the beginning of our experience. In
atients receiving devices for CHF, a higher morbidity and mortality is
nticipated because of the relative advanced cardiac disease in these
atients.
Lead-related Problems. These are somewhat similar to pacemaker leads

ncluding, but not limited to, the insulation break, lead fracture, perfora-
ion, tissue reaction, occlusion of the cannulated vessel, dislodgment,
erve or muscle stimulation.
Generator-related Problems. These include random component failure,

ensing and detection malfunction, and therapy or lack thereof. The main
eason for ICD implantation is to terminate VT-VF and therefore is
eared towards acceptance of other malfunctions over lack of appropriate
elivery of shock in the event potentially fatal VT or VF occurs. A battery
ailure is hence carefully monitored by periodic testing and capacitor
eformation with possible internally diverting high voltage discharge.
espite that, an occasional failure to perform this initial function does
ccur, resulting in SCD. It is important to point out that ICD however has
remarkable performance record. In the presence of a functioning,

ppropriately-placed ICD, arrhythmic death incidence is �2% per year.
hen SCD death occurs in a rare situation and data analysis is retrieved

rom the device, one or more of the following are often the reason: (1)
nadvertent or deliberate (due to intolerance to repeated shocks) turning
ff of the device; (2) hemodynamic collapse with associated asystolic
eath; (3) inadvertent depletion of battery when patient is lost to
ollow-up; and (4) massive infarct associated with VT, which cannot be
onverted to a more stable rhythm despite the maximum number of full
oltage shocks.
Perhaps one of the most common problems with the ICD is the

nappropriate shocks in response to a variety of supraventricular arrhyth-
ias as pointed out earlier, and despite a score of sensing algorithm

ncluding dual chamber sensing, it still occurs. Often it can be treated with
edication such as digitalis, beta-blockers or calcium channel blockers.
hen recurrent AF is the reason and is difficult to control, sotalol,
38 Curr Probl Cardiol, June 2004
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miodarone, and even AV junctional ablation may be necessary to
revent inappropriate ICD discharges.

. J. Gersh: Atrial fibrillation is a frequent accompaniment of severe heart
ailure and is one of the most common causes of inappropriate discharge.

Another somewhat less appreciated aspect of ICD systems is the
sychological problems some of these patients experience. These include
he fear of shock, fear of dependence on the ICD, depression, and even
uicide. Pre-implant and ongoing psychological support if necessary must
e considered as a critical part of care in patients with ICDs.

. J. Gersh: Perhaps as many as 15% to 20% of patients will suffer severe
sychologic distress, particularly soon after the implantation and among

hose receiving frequent shocks. Caregivers should be alerted too the need to
ddress issues such as anxiety,, depression, and fear of physical and sexual
ctivity directly and up front with patients and their families because the latter
ay be reluctant to raise these concerns.

Chronic infection of the pocket and leads is another troubling compli-
ation sometimes necessitating explant of the system. Local tissue
ecrosis, extrusion, and chronic discomfort from the generator are seen on
ccasion.
Further synopsis of routine ICD follow-up, the search for common
roblems, and the reasons for there concerns are listed as follows.

CD Follow-up

ystem Evaluation
Routine follow up of the ICD includes:

Battery status: Evaluation of the battery voltage and charge times,
comparing them with recommended replacement indicators
Arrhythmia episode chronology and electrograms, looking for appro-
priate, inappropriate, or ineffective therapy
Lead impedance, comparing with previous values (very low suggests
insulation break; very high suggests wire fracture)
Sensing measurements of intrinsic P waves and QRS complexes
urr Probl Cardiol, June 2004 339
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Pacing threshold(s)

A multitude of factors contribute to system malfunction and include
ead type, pulse generator location, and a concomitant pacing system, to
ention a few. Patients with biphasic, active can, pectoral systems with
utilunial leads, are at low risk for system complications. Electrogram

eview, radiography, pacing parameter, and painless high-voltage lead
ssessment allow for quick detection of any complications without the
eed for arrhythmia induction. Lead failures increase over time so
requency of follow-up increases over time depending on the risk of
ystem complications.
Recommendations have been developed by the NASPE to assist in the

ssessment of physician competence in the implantation and follow-up of
CDs. There are two levels of expertise that may be achieved by
hysicians who care for patients with ICDs. The first level is expertise in
he indications for ICDs, follow-up, and troubleshooting for these devises.

more advanced level of training is required for implantation of ICDs.

attery Status/Charge Time
Elective replacement indicator (ERI) and longevity of each device
aries and are available through Guidant, Medtronic, and St Jude and
ther manufacturers. A rough estimate of longevity (provided in Table I).
he two main determinants of longevity are the amount of pacing and the
umber of high-voltage shocks delivered.

ead Integrity
ICD lead failure is not uncommon. It occurs in 12% to 40% of systems
ver 4 to 5 years of follow-up. Clinical factors that increase the incidence
f lead failure include epicardial lead systems, abdominal generator
lacements, and lead body construction. Nearly 60% of epicardial lead
alfunctions are asymptomatic, diagnosed by DF failure, during sponta-

eous or induced VF, abnormalities found at generator change proce-
ures, or on radiograph showing evidence of lead fracture. The high
ncidence of epicardial lead failure occurs because these are mechanically
eparate DF and pace/sense leads (Fig 2). Unlike transvenous lead
ystems, an epicardial DF lead fracture does not create “noise” at the
ensing leads or stored electrograms. Epicardial DF patch integrity can
nly be assessed by shock delivery. In abdominal ICD generator place-
ents, the length of the leads require tunneling and increases the risk of

ead failure. Therefore, periodic VF induction is critical to assess stable
ead integrity in epicardial lead and abdominal generator placements
with transvenous or epicardial leads).
40 Curr Probl Cardiol, June 2004
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Lead design affects the risk of failure in transvenous systems. Mechan-
cal failures due to conductor fracture or insulation defect are not
ncommon, and occurred almost exclusively in coaxial leads. Compared
ith mutilumen leads, there is a much higher rate of failures in coaxial

eads. Lead fractures in transvenous systems are usually accompanied by
linical symptoms (ie, shocks), a change in pace/sense thresholds,
bnormal real-time or stored electrograms, or radiographic defects. One
tudy showed that 60% of lead failures presented with inappropriate
hocks, and noise was detected by electrograms (real-time or stored) in
0% of the cases. In transvenous systems with mutilumen lead construc-
ion, all lead failures diagnosed during DF testing were also detectable by
nother diagnostic test (radiograph, electrograms, threshold assessment).
owever, systems using coaxial or epicardial leads only demonstrated

ead failure at times of failed DF, a difference worth remembering.
The risk of lead failure in pectorally-implanted multilumen leads is low.
ith the recent ability to deliver low-energy painless test pulses of high

oltage to evaluate the lead circuit, routine arrhythmia induction to screen
or lead malfunction is not necessary (Fig 3).
Abnormal pacing parameters may suggest lead conductor fracture,

nsulation breach, microdislodgment or macrodislodgment, ineffective
TP, or impaired sensing. A significant elevation of the pacing

mpedance suggests a discontinuity in the lead or its connection to the
ulse generator, and a low impedance suggests insulation defect or
lectric short within the lead. Lead malfunctions can result in
neffective termination of VT or inappropriate shocks. Impedance
alues are available noninvasively by devise telemetry for this type of
roubleshooting. Normal pacing impedance may vary among lead
ypes, but the usual range is 200 to 1000 ohms. After implantation,
ead impedance may change, but a value 50% greater than the
easurement at implantation suggests fracture. In a mature lead,

mpedance changes �30% suggests lead malfunction. The develop-
ent of “ high pacing impedance” leads for ICDs will result in

ifferent absolute values indicative of fracture.
The trend of lead impedance is useful in diagnosing lead fracture. A
ecrease in impedance �30% raises the possibility of an insulation defect
hat permits current to escape to the surrounding tissue (which can result
n local muscle stimulation). A sudden increase in lead impedance usually
uggests lead fracture.
Abnormalities of shocking lead impedance are clearly of utmost

mportance. Early-generation ICDs used a test shock to assess shock-
ng lead impedance. Values outside the normal range suggest a
urr Probl Cardiol, June 2004 341
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onductor defect (high impedance) or insulation breach or short circuit
low impedance). Late-generation devices assess shocking lead im-
edance imperceptibly with a small test pulse, and some can be
rogrammed to generate an audible tone if impedance measurements
re abnormal.
For sensing of ventricular signals measurement of the intrinsic R
ave, preferably during sinus rhythm with an amplitude of at least 5
V should be sought. Medications, myocardial infarction, failed

hock, lead tip fibrosis, microdislodgment, and macrodislodgment can
esult in electrogram diminution. If the peak-to-peak R-wave is
5 mV, electrophysiologic testing to confirm adequate detection

uring VF is recommended.

. J. Gersh: The importance of device/drug interactions, particularly with
embrane-active anti-arrhythmic agents, must be emphasized. These in-

lude pro-arrhythmic effects, elevated pacing, and defibrillation threshold,
lowing of the ventricular rate during VT below programmed cut-off values,
nd alterations of slow rates, which can affect detection. As a general rule,
he addition of anti-arrhythmic agents and some other drugs warrants
onsideration of ventricular defibrillation threshold testing. Amiodarone is
articularly prone to increase defibrillation thresholds.

Pacing thresholds may increase due to medications (such as Fle-
anide), during bradycardia, and with a lead malfunction. Elevated
acing thresholds are acceptable if stable and as long as the patient
nfrequently requires pacing. However, appropriate pacing function
nd the ability to reliably capture during ATP must be confirmed.
acing output settings for ATP, bradycardia pacing, and postshock
acing are independent.
ICDs should be examined radiographically when lead failure is sus-
ected or after significant trauma. Macrodislodgments can be seen when
he lead tip has moved compared with the previous or postimplant
adiograph. A lead compressed in the narrowly confined space (ie, the
rst rib and the clavicle) can fracture. Loose pin connection in the header,
n abandoned or incompletely removed lead, causing contact noise, may
e identified radiographically. Patients with Twiddler’ s syndrome manip-
late their systems, frequently rotating the pulse generator or twisting the
eads causing dislodgment and/or fracture. This can be observed on the
adiograph. Radiographic manifestations of lead failure may be seen in
any patients.
42 Curr Probl Cardiol, June 2004
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torage of Information
ICDs are currently capable of storing electrograms of arrhythmias
efore and after therapy, and intervals preceding the arrhythmia episodes
Fig 4). Heart rate histograms, event logs of atrial arrhythmias, and
onsustained tachycardia episodes are also stored. This information is
elpful in determining the cause of a shock and assists in determining the
eason for any suspected malfunction.
Furthermore, dual-chamber ICDs provide atrial electrograms, which
akes rhythm diagnosis quick and accurate. Far-field electrograms are

ecorded between widely spaced electrodes and include a large amount of
lectrical information including QRS morphology and (frequently) P
aves, closely resembling the surface ECG. Near-field electrograms are

ecorded between the lead tip and the adjacent ring or coil to sense the
eart rate, representing the signal seen by the device. They provide little
iagnostic information regarding VT or SVT configuration because many
f these filtered electrograms are alike and their main value is in timing
nd appearance relative to the reference electrograms.
ICD generator recalls and safety alerts are increasing and affect many
atients. Advances in technology have accompanied the changing pat-
erns of device advisory type. Weekly FDA Enforcement Reports from
anuary 1991 to December 2000 have shown that ICD advisories have
ecome more frequent, and a three-fold increase in the number of devices
ffected per advisory has been observed. The number of devices affected
y hardware advisories increased three-fold, due primarily to a 700-fold
ncrease in electrical/circuitry abnormalities. A 20-fold increase in poten-
ial battery/capacitor malfunctions has occurred. The number of devices
ecalled due to firmware (computer programming) abnormalities more
han doubled.

redischarge Evaluation
Initial postoperative evaluation of the ICD begins before patient
ischarge from the hospital. Most commonly, the patient and ICD are
valuated one day post-ICD implant. The incision should be carefully
xamined for any evidence of hematoma or infection. The presence of
ncisional pain should be discussed with the patient. Most commonly,
ain management can be achieved through oral analgesics. During the
nitial 24-hour postoperative period, an arm immobilizer may be
elpful to the patient to prevent discomfort from inadvertent above-
he-shoulder movement of the affected arm. ICD evaluation can take
lace at the bedside or during noninvasive electrophysiologic testing
urr Probl Cardiol, June 2004 343
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n the laboratory. Currently there is a divergence of opinion among
lectrophysiologists whether routine predischarge ICD testing in the
lectrophysiologic laboratory is necessary in all patients, or in just a
elected few.

edside Evaluation
Bedside evaluation should include review of battery voltage, lead

mpedance, pacing thresholds, and lead sensing. Significant changes in
ensing and capture thresholds from the time of implant may suggest
otential lead dislodgment or change in lead position. Although chest
adiographs are helpful in evaluation for lead migration, lead fracture
nsulation breaks are less easily identifiable.104 Changes in lead
mpedance may indicate problems with lead integrity. Real-time ICD
lectrograms should also be reviewed for appropriate sensing of P and

waves. Erratic sensing on the electrogram channel in postoperative
eriod can indicate a connection problem at the header of the pulse
enerator such as loose set screw. Occasionally, gentle manipulation
f the pulse generator within the pocket may reproduce electrical
hatter on the electrogram channel, further suggesting a connection
roblem. Lead migration can also produce erratic sensing and the CS
ead location should always be evaluated. Issues related to lead
islodgment or loose connections require surgical intervention.

oninvasive EP Testing
Noninvasive EP testing of the ICD in the laboratory may be performed

n place of the predischarge bedside evaluation. The rationale behind
redischarge EP testing is to verify proper functioning of the device and
o fine-tune device programming.105 Patients with slower monomorphic
Ts who would benefit from ATP are candidates for predischarge ICD

esting in the lab. Timing constraints, as well as repeated inductions of
T-VF in the operating room, may not allow ATP to be programmed at

he time of ICD implant. In addition, patients with higher DFTs may
enefit from repeat-testing predischarge, to assure there is adequate safety
argin for DF.

. J. Gersh: The role of electrophysiologic testing to determine antitachy-
ardia pacing parameters is controversial since the characteristics of the
rrhythmia that is induced in the laboratory may differ from that noted in the
linical situation.
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During the predischarge electrophysiologic testing procedure, the
atient is brought to the electrophysiologic lab in the fasting state.
onscious sedation is most commonly administered; however, varying
egrees of sedation may be required. Evaluation of battery voltage,
ead impedances, pacing thresholds, and sensing are measured similar
o the bedside evaluation of the ICD. Then induction of VT can be
ccomplished noninvasively by programmed electrical stimulation.
etection criteria and therapy for VF, and VT if applicable, should be
rogrammed to the values being tested. Options for VT termination
herapies include antitachycardia pacing, low-energy CV, and high- or
aximum-energy DF. The patient’ s hemodynamic status needs to be

arefully monitored during repeated VT inductions. Allowing the
atient to remain in VT during long unsuccessful ATP attempts could
esult in prolonged hypotension and increased DFTs.105

Induction of VF should also be tested at least once during predischarge
lectrophysiologic testing and is often a part of intraoperative testing for
ssuring adequate safety margin and final VF therapy programming. VF
nduction can be achieved noninvasively via ventricular burst pacing, or
-wave shock or 50-Hz induction. Marker channels need to be reviewed
arefully to evaluate for appropriate sensing during VF. Stored electro-
rams should also be printed and reviewed. The stored electrograms for
T and VF inductions should be saved and can be utilized for comparison
uring clinical therapies. The patient can be discharged once fully awake
nd stable post-EP testing.

redischarge Teaching
Predischarge teaching should include the patient and family members if
ossible. Patients are frequently overwhelmed after undergoing a recent
nvasive surgery for a potentially life-threatening arrhythmia and family
embers can assist in retention of information given. The patient and

amily need to be instructed regarding ICD function and rate cut-off. A
odel of the ICD can be shown to the patient and family to better

omprehend the device and implant procedure. Patients and families and
enefit from knowing the programmed rate cut-off or having documen-
ation of the ICD settings for potential emergency department visits or
ossible follow-up stress tests. A better understanding of how the device
unctions may help reduce patient and family anxiety. The patient and
amily should be instructed regarding the signs of potential infection. If
rythema, swelling, or drainage from the incision develops, the electro-
urr Probl Cardiol, June 2004 345
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hysiology team should be notified. Pocket fluctuation early after surgery
s not always a sign of infection but should be monitored closely.
The patient will receive an ICD identification card from the manufac-

urer within about 4 to 6 weeks postimplant. The patient should be
nstructed to carry this card with them at all times in case they need
edical care. Duplicate or replacement cards can also be ordered by

alling the ICD manufacturers patient services department. Medic Alert
racelets should be encouraged since they indicate to emergency medical
ersonnel that the patient has an ICD. The phone numbers for the
lectrophysiology team should also be given to the patient for any
ollow-up questions, concerns, or to report receiving a shock.
The importance of regular follow-up evaluation of the patient and ICD

hould be emphasized. Initially, patients may be anxious about follow-up
isits because of fear of pain or receiving a shock. A good understanding
f the procedure during a follow-up visit helps reduce these fears. In
ddition, the procedure to follow in the event of a shock should be
iscussed with the patient and family. If the patient receives a single
hock and feels well, the electrophysiology team should be notified.
owever, patients or families should contact emergency medical services

or multiple shocks or prolonged symptoms of syncope. This information
hould be reviewed frequently at follow-up visits. The patient and family
hould be educated about the sensation of being shocked. Shocks
enerated by the ICD are a unique aspect of this treatment and have
otential to cause psychological distress.106 The shock can be described
s a feeling of being kicked in the chest, however, some patients do report
lighter sensation. Family members and significant others should know

hat touching a person with an ICD at the time of a shock will not cause
njury to themselves. A realistic expectation for the ICD shock may help
atients to deal with the associated anxiety and stress.

. J. Gersh: Frequent, repetitive shocks often indicate lead or device
alfunction or the entity of “VT storm” and warrant hospital administration.

Patients may have concerns about the resumption of exercise and
ctivity. Heavy lifting (�10-15 lbs) should be avoided for 4-6 weeks.
atients should be instructed not to raise the affected arm above shoulder
eight for approximately 4 weeks. In addition, rough, physical sports
hould be avoided. Patients and family members need to be cognizant and
void situations that could put them at increased risk in the event of loss
46 Curr Probl Cardiol, June 2004
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f consciousness (ie, swimming alone). Patients may resume sexual
ctivity once their incisions heal.

. J. Gersh: The rules about driving vary between countries and also
etween states within the United States. In general, driving should be
rohibited within six months of implantation in patients presenting with
yncope or after ICD discharge with clinically significant symptoms. Guide-
ines have been published (Epstein AE, Miles WM, Benditt DG. Personal and
ublic safety issues related to arrhythmias that may affect consciousness:

mplications for regulation and position recommendations. A medical/scien-
ific statement from the American Heart Association and the North American
ociety of Pacing and Electrophysiology. Circulation 1996;94:1147-66)

Petch MC. Driving and heart disease. Eur Heart J 1998;19:1165-77). It
ppears that a high proportion of patients do not adhere to advice about
riving, but fortunately the accident rate is low (0.4% per year)—lower than
mong the general driving population (Akiyama T, Powell JL, et al. Resump-
ion of driving after life-threatening ventricular arrhythmias. N Engl J Med
001;345:391).

Patient education should include the information that strong electro-
agnetic fields can interfere with ICD function. Microwave ovens,

ordless telephones, personal computers and most household equipment
an be utilized safely. However, keep the motor of any hand-held
ppliance or tool at least 6 to 12 inches away from the ICD. Most cellular
hones are safe to utilize however cellular technology is constantly
hanging. To avoid potential interference, patients need to keep the cell
hone at least 6 inches away from the ICD. The antenna of a citizen band,
mateur radios, walkie-talkies or other radio transmitters can produce
nterference. The distance to maintain from the antenna depends on the
ransmitter power, frequency, and type of antenna. The ICD manufacturer
an be contacted for more specific instructions. The patient should be
nstructed to avoid heavy electrical or industrial equipment. More
mportantly, the patient and family should be instructed to contact the
lectrophysiology team or ICD manufacturer for any questions regarding
otential electromagnetic interference.
Before undergoing any medical or dental procedures, patients or family
embers should notify the medical and dental personnel about the ICD.
ost procedures such as diagnostic radiographs, CT scans can be

erformed without interference to the ICD. Magnetic resonance imaging
s not recommended for a patient with an ICD. In addition, the ICD will
ost likely need to be deactivated before electrocautery, diathermy, or

ithotripsy to prevent interference.
urr Probl Cardiol, June 2004 347
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Patient education should also include information about traveling. Patients
ho travel should be encouraged to obtain the names of an electrophysiology

eam in the state or country they are visiting. This information can be utilized
n case of an emergency while traveling. Patients need to be advised that the
CD is not affected when passing through the security gates in airports or by
lectronic antitheft gates in stores. However, in an airport, the ICD will most
ikely trigger the metal detection system. The patient should notify airport
ecurity of the ICD and show their ICD identification card. The hand-held
creening wands should be avoided if possible because these may have strong
agnets. A hand search should be requested to clear them through the

ecurity system.

. J. Gersh: Drs Bhatia and colleagues have written a comprehensive and
ery useful monograph on the technology, indications, and implications of the
CD. The ICD has within a relatively short space of time transformed the

anagement of malignant ventricular arrhythmias and SCD. The device came
long at the perfect time as we realized the limitations of currently available
nti-arrhythmic drugs and the ability of programmed electrical stimulation to
ssess therapeutic efficacy.
From the perspective of the secondary prevention of SCD in survivors of
alignant ventricular arrhythmias or out-of-hospital cardiac arrests, random-

zed trials have settled the issues. This is no the case, however, in regards to
he indications for the ICD. The primary prevention of patients at high risk,
lthough several trials have made major contributions to our understanding of
he efficacy of the device. Nonetheless, issues regarding cost and reimburse-
ent are paramount and we must also remember the complications of the
evice itself (eg, inappropriate shocks and their effects on the quality of life).
ngoing trials will, we hope, clarify the indications and perhaps identify new
pproaches to risk stratification of high-risk individuals other than categori-
ation on the basis of ejection fraction alone.
The ICD has provided us with a powerful new weapon in our therapeutic

rmamentarium. If the patients in which the device is currently utilized
epresent but a tip of the iceberg of those who are vulnerable to sudden
ardiac death, the ICD will not address the societal problem of sudden
ardiac death that would hinge on the primary prevention of atherosclerotic
ardiovascular disease.

. M. Scheinman: The authors are to be commended for a first-rate effort in
ummarizing rather complex data using an orderly, rational, and logical
pproach. This chapter will be of immense help for clinicians as well as
urses and technical personnel who care for patients with defibrillators.
specially appreciated is their approach to patient care, giving detailed and
ractical instructions for both ICD indications as well as follow-up.
The chapter also enforces the need for continued re-evaluation of pub-

ished ICD guidelines. For example, recent studies have emphasized the
enefits of ICDs for those with syncope in the presence of severe cardiac
48 Curr Probl Cardiol, June 2004
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isease, even with negative (noninducible) invasive electrophysiologic stud-
es. In addition, the proviso that ICD is not indicated in the face of remedial
onditions (electrolyte abnormalities) needs to be re-examined. It is now well
ppreciated that such patients have a poor prognosis. For example, hypo-
alemia often accompanies cardiac arrest because the intense adrenergic
timulus drives glucose and K� into cels. Hence, hypokalemia alone should
ot be used to deny ICD insertion.100,101 Very important problems arise with
espect to asymptomatic individuals who are affected by genetic abnormal-
ties that predispose to ventricular arrhythmia (ie, long QT syndrome84 and
rugada93,94). Since we lack appropriate risk factors to stratify affected

ndividuals who may be at risk, ICD insertion is at times required to allay
sychosocial pressures for asymptomatic affected individuals and this indi-
ation is not discussed in the guidelines.
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