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Preface

That’s why this book was written. More and more 
clinicians are going to be confronted with manag-
ing ICD patients or at least understanding the role 
of the ICD in their care. Yet medical schools rarely 
devote much time to the subject of device-based 
therapy. Most so-called ‘device experts’ got their 
status through on-the-job training and the help of 
colleagues who taught them bits and pieces along 
the way. There are many fi ne books on device-based 
therapy for the heart, but many are written for the 
experts, not the newcomer.

With expanding ICD indications and hundreds 
of thousands of potential new ICD patients in the 
coming years, there are bound to be a lot of ‘new-
comers’ to the care of the ICD patient!

Whether you’re a rookie in terms of ICD therapy 
or whether you’re just an occasional player, this 
book is a good place to start. Whether you read it 
cover-to-cover or use it for reference (or both), it 
was written primarily with you in mind. In my own 
experience, I learned about defi brillation from on-
the-job mentoring from knowledgeable colleagues. 
Mentors are invaluable, and I’m glad to say it’s a bit 
of a tradition in clinical practice. You may also fi nd 
support and training opportunities through device 
manufacturers. I wrote this book to be one part of 
the solution for helping the busy clinician manage 
ICD patients.

Even if you’re a veteran of ICD therapy, it is my hope 
that you’ll fi nd this book contains tips, pointers, facts, 
and information to which you’ll want to refer. I have 
worked in various capacities in the fi eld of device-
based therapy since before there even were ICDs … 
and I am still learning about defi brillation. This book 
is not an in-depth volume for device experts; it’s the 
nuts and bolts of ICD therapy for people who actually 
are involved in the clinical care of these patients.

When I fi rst started my clinical career, implantable 
defi brillators were ‘dream machines.’ We could un-
derstand in theory how they might work, but the 
technological obstacles seemed insurmountable. 
Now, halfway through my career, these devices are 
not only possible, they are almost commonplace. 
The technical restrictions that once seemed over-
whelming are gone. Today’s ICDs (implantable 
cardioverter defi brillators) are smaller than some of 
the pacemakers I once worked with! Despite the fact 
that a modern ICD is only about one-tenth the size 
of the original devices pioneered in the 1980s, these 
new devices last longer and do more.

In the early years of ICD therapy, it was prac-
tically a miracle that anyone ever qualifi ed for an 
ICD. Indications required patients to have sur-
vived sudden cardiac death or SCD – not once, but 
twice! On top of that, patients had to be refractory 
to drug treatment and yet strong enough to sur-
vive an open-chest implantation procedure. Nev-
ertheless, increasing numbers of patients received 
ICDs.

Today, we know that ICDs are not just a treatment 
of last resort for people with multiple documented 
episodes of ventricular fi brillation. As ICDs proved 
their mortality benefi ts to patients with known po-
tentially lethal arrhythmias, investigators looked 
at other arrhythmia-rich populations. As a run of 
large randomized clinical trials has proven, ICDs 
have been shown to reduce mortality in primary 
prevention patients, that is, patients with no docu-
mented arrhythmias. Expanding ICD indications 
have saved lives by extending the proven mortality 
benefi ts of devices to more and more people. But 
this has simultaneously caused an interesting prob-
lem for the healthcare community: how can we care 
for this new infl ux of patients?
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1

1 CHAPTER 1

Sudden cardiac death

Sudden cardiac death (SCD) – also known as sudden 
cardiac arrest (SCA) – has been defi ned as the un-
expected natural death from a cardiac cause within 
a short time period from the onset of symptoms in 
a person without any prior condition that would 
appear fatal.1 SCD has been described as an ‘electri-
cal accident of the heart,’ in that SCD is a complex 
condition which requires the patient to have cer-
tain pre-existing conditions and then certain trig-
gering events in order to occur. SCD is responsible 
for about 400 000 deaths a year in the US.2 Despite 
our growing knowledge about the mechanisms and 
markers of this killer disease, SCD remains diffi cult 
to treat because the fi rst symptom of SCD is often 
death.

Many risk factors have been identifi ed for SCD. 
About 80% of those who suffer SCD have coronary 
artery disease (CAD), and the incidence of SCD 
parallels the incidence of CAD (men have CAD and 
SCD more often than women do, for example). One 
distinction is that while both CAD and cardiac-
related death increase with age, sudden cardiac death 
decreases with age versus nonsudden cardiac death 
(NSCD). Older individuals are more likely to expe-
rience NSCD than SCD. The peaks of incidence of 
SCD occur in infants (birth to 6 months) and again 
between ages 45 and 75 years.1

Several risk factors have been identifi ed for SCD. 
Some of them are the usual risk factors for any form 
of heart disease: smoking, inactivity, obesity, advanc-
ing age, hypertension, elevated serum cholesterol, 
and glucose intolerance. Anatomical abnormalities 
have been associated with SCD. For instance, acute 
changes in coronary plaque morphology (throm-
bus or plaque disruption) occur in the majority of 
cases of SCD cases; about half of all SCD victims 
have myocardial scars or active coronary lesions.3 
For people with advanced heart failure, a nonsus-
tained ventricular arrhythmia was found in one 

study to be an independent predictor of SCD.4 One 
report bolstered the popular belief that emotional 
distress can bring on SCD, in that it was found that 
the incidence of SCD spiked in Los Angeles right 
after the Northridge earthquake in 1994.5 Other risk 
factors include the presence of complex ventricular 
arrhythmias, a previous myocardial infarction (MI) 
(particularly post-MI patients with ventricular ar-
rhythmias) and compromised left ventricular syst-
olic function. A low left ventricular ejection fraction 
is a risk factor that affects people with and without 
CAD. SCD survivors with a left ventricular ejection 
fraction < 30% have a 30% risk of dying of SCD 
in the next 3 years, even if they are not inducible 
in an electrophysiology study. If these patients are 
inducible to a ventricular arrhythmia despite drugs 
or empirical amiodarone, the risk can climb to as 
high as 50%!6

SCD typically involves a malignant arrhythmia. 
In order for SCD to occur, a triggering event must 
occur which then has to be sustained by the sub-
strate long enough to provoke the lethal rhythm 
disorder. The vast majority of SCD cases occur in 
people with anatomical abnormalities of the myo-
cardium, the coronary arteries, or the cardiac nerves. 
Typical substrates are anatomical (scars from previ-
ous MIs, for example) but electrophysiologists also 
recognize functional substrates (such as those cre-
ated by hypokalemia or certain drugs). By far the 
most common structural abnormalities are caused 
by CAD and its aftermath, the heart attack or MI. 
Cardiomyopathy is estimated to be the substrate 
for about 10% of SCD cases in adults.7 Many people 
possess the substrates or conditions that make an 
SCD possible, yet they will never experience the dis-
ease. This is because SCD requires a triggering event 
which not only must occur, it must be sustained on 
the substrate long enough to develop into a deadly 
arrhythmia.
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2  The Nuts and Bolts of ICD Therapy

Reentry is by far the most common electrophysi-
ologic mechanism involved in SCD. Reentry occurs 
when a natural electrical impulse from the heart 
gets ‘trapped’ in a circular electrical pathway in such 
a way that the impulse keeps re-entering the circuit, 
faster and faster, provoking a disordered and rapidly 
accelerating cardiac arrhythmia.

If the human heart were electrically homogenous, 
reentry and SCD could not occur. The healthy heart 
has electrical heterogeneity, which means that at any 
given moment, some cardiac cells are conducting 
while others are resting. At any point in time, differ-
ent areas of the healthy heart are at different stages 
in the electrical cycle. To understand this better, it is 
useful to review the basics of cellular depolarization, 
repolarization, and membrane potential.

Action potential

All cells in the human body are covered with a semi-
permeable membrane that selectively allows some 
materials to penetrate into the cell while fi ltering 
out others. For cardiac cells, the membrane allows 
charged particles (ions) to fl ow in and out of the 
cell at specifi c times. By regulating the infl ow and 
outfl ow of ions (electrical charge), cardiac cells are 
capable of generating and conducting electricity.

Even at rest, a cell in the heart has a certain number 
of ions within it that give it what scientists would 
call an ‘electrical potential.’ Electrophysiologists 
refer to this measurable electrical charge as ‘mem-
brane potential,’ in that it is the electrical potential 
contained within the cardiac cell’s membrane. The 
action potential describes fi ve phases (numbered 0 
through 4) that show how a cardiac cell goes from 
resting membrane potential (about –90 millivolts 
or thousandths of a volt) through depolarization, 
repolarization, and back to resting membrane 
potential (see Fig. 1.1).

In its resting state (phase 0), a cardiac cell con-
tains a large quantity of negative ions (anions). 
Positive ions (cations) outside the cell are blocked 
from entering by the cell’s membrane but they line 
up around the cardiac cell, attracted to the nega-
tively charged particles within. It almost appears as 
if the inside of the heart cell was a negative pole and 
the immediate exterior of the cardiac cell was the 
positive pole. From this situation where opposites 
attract, the term ‘polarization’ is given. The charges 

polarize negative against positive. The membrane 
potential phases go from this polarized state (resting 
membrane potential) to depolarization, then repo-
larization, and back to the polarized state (resting 
membrane potential) (see Fig. 1.2).

When an electrical impulse reaches a cardiac 
cell, the cardiac cell membrane becomes perme-
able to positively charged sodium ions. Attracted 
by the negative pole within the cell, sodium ions 
rush into the cell until the interior of the cell is 
less negative and the exterior immediately around 
the cell’s membrane is less positive. This shift de-
creases the cell’s resting membrane potential to 
the point where fast sodium channels open in the 
cell membrane. Fast sodium channels are just like 
they sound; they allow a very rapid infl ux of posi-
tively charged sodium ions into the cell. As a result, 
the interior of the cell becomes positive and the 
exterior around the cell becomes negative. This 
phase – where polarization is reversed – is called 
depolarization.

+15mV

-70 mV

-90 mV

0 mV

0

1
2

3

4

Fig. 1.1 Membrane potential. The membrane potential 
of a cardiac cycle involves fi ve distinct phases (0 through 
4) with phase 1 corresponding roughly to the peak of the 
R-wave.

1405135115_4_001.indd   21405135115_4_001.indd   2 03/10/2005   08:32:2003/10/2005   08:32:20



CHAPTER 1  Sudden cardiac death  3 

The main physiological effect of cardiac depo-
larization is that the heart cells contract. That’s why 
electrophysiologists frequently refer to the squeez-
ing or pumping action of the heart muscle as ‘de-
polarization,’ since that best describes what is going 

on in the heart’s cells. At the cellular level, cardiac 
cells are becoming positively charged on the inte-
rior, negatively charged on the exterior – and this 
results in a heart beat.

The very process of contraction begins the next 
phase of the membrane potential, in that the posi-
tively charged sodium ions start to leave the inside 
of the cardiac cell when the cell contracts. Electro-
physiologists call this process of getting back to the 
original resting membrane potential ‘repolariza-
tion,’ and it is characterized physiologically by the 
heart returning to a relaxed or resting state. At the 
cellular level, the positive ions fl ow out while nega-
tive ions fl ow back in using sodium as well as cal-
cium and potassium channels. It is impossible for 
the cardiac cell to depolarize again until it has com-
pleted all three phases involved in repolarization; 
during phases 1–3, the cardiac cell is refractory.

The fi nal phase of the action potential (phase 4) 
might best be viewed as a brief moment of rest. At 
the cellular level, there is very little activity going 
on, with only a few ions crossing the cell membrane 
either way (see Fig. 1.3).

The morphology of the action potential varies de-
pending on the type of cardiac cell involved. Phase 0 
shows how quickly the cell depolarizes, while phases 

Phase 0

Phase 1

Phase 2

Phase 3

Phase 4

Fig. 1.2 Polarization of a cardiac cell. In phase 0 of the 
action potential, the cardiac cell contains a majority of 
negative ions within the cell with positive ions clustered 
around the immediate exterior. As ion channels open, 
positively charged ions rush into the cell (changing the 
cell’s polarization or ‘depolarizing’ it). Positive ions fl ow 
back out using sodium as well as potassium and calcium 
channels, ‘repolarizing’ the cell to its original status.

+15mV

-70 mV

-90 mV

0 mV

0

1
2

3

4

Membrane
Potential

Depolarization

Repolarization

Rest

Fig. 1.3 Action potential. The action potential is an 
electrical way of describing the cellular changes that occur 
during depolarization and repolarization. At phase 0, the 
cardiac cell has a certain potential electrical energy. This 
ramps up quickly during phase 1 or depolarization when 
the cell rapidly changes polarity. Repolarization occurs 
more gradually in phase 2 and 3. There is a brief vulnerable 
period in phase 4 as the heart rests before resuming its 
membrane potential (phase 0) and starting the cycle over 
again.
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4  The Nuts and Bolts of ICD Therapy

1–3 show how long the refractory period is. The ac-
tion potentials from some main locations in the heart 
show that cardiac cells are specialized in terms of how 
fast they depolarize and how long they remain refrac-
tory (not able to depolarize) (see Fig. 1.4).

Automaticity

Automaticity is the heart’s ability to spontaneous-
ly generate electricity. The specialized cells in the 

heart’s sinoatrial (SA) node possess this remark-
able property. The SA node is sometimes called the 
heart’s ‘natural pacemaker’ for its ability to keep the 
healthy heart beating properly. Other myocardial 
cells possess automaticity and may spontaneously 
deliver an electrical output. In fact, many regions 
of the heart, including the atrioventricular (AV) 
node and even ventricular tissue, possess enough 
automaticity to ‘fi re’ an electrical output. However, 
the heart’s conduction system requires the electrical 
output to travel a specifi c path through the heart. 
At any given moment, the electrical pathway can 
only accommodate one output, and the heart works 
on a fi rst-come, fi rst-served principle. (In the car-
diac conduction system, the fastest impulse wins.) 
The fi rst output that gets on track is the one that 
travels. Other cells might generate an electrical out-
put based on the principle of automaticity, but the 
pathway they will travel is refractory (not subject to 
depolarization because it is in phase 1, 2, or 3 of the 
action potential) and thus, the electricity will have 
no effect on the cells.

Automaticity and triggered automaticity are two 
of the three main causes of tachycardia, although 
altogether they account for only about 10% of all 
tachycardias. Automaticity involves abnormal ac-
celeration of phase 4 of the action potential, caus-
ing the heart to launch into another depolarization 
too quickly. Its cause is increased activity across 
the heart’s membrane in phase 4, usually involv-
ing a mechanism known as the sodium–potassium 
pump. As such, automaticity and triggered automa-
ticity tachycardias have metabolic or cellular causes, 
and since they are not caused electrically, they do 
not respond to defi brillation. In fact, tachycardias 
caused by automaticity cannot be reproduced in the 
electrophysiology lab. The main causes of automa-
tic tachycardias are thought to be ischemia (diseased 
heart tissue caused by CAD), electrolyte imbalances, 
acid/base imbalances, drug toxicity, and myopathy 
(muscle disorder).

It is often possible to observe the locations and 
types of cardiac disturbances by viewing variations 
in the action potential. Triggered automaticity looks 
a lot like reentry tachycardia on the action potential. 
It occurs when something triggers an automaticity-
type tachycardia. A typical trigger might be a brady-
cardic pause or a catecholamine imbalance. This 
trigger accelerates phase 4 of the action potential, 

Purkinje Fibers

Atrial Myocardium

Ventricular Myocardium

SA Node

AV Node

Fig. 1.4 Action potentials of various portions of the heart. 
The action potential varies with the electrical activity of 
specifi c types of cardiac cells. Note that an atrial myocardial 
action potential is much narrower (briefer in duration) 
than a ventricular myocardial action potential. The 
rounded curves of the AV and SA nodal action potentials 
suggest that the transition from depolarization (phase 1) 
to repolarization (phases 2 and 3) is not as marked and 
abrupt as the same change in the Purkinje fi bers. These 
illustrations show the different electrical properties of 
various regions of the cardiac tissue, which cause them to 
conduct electricity differently.
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CHAPTER 1  Sudden cardiac death  5 

causing the heart to launch the next depolarization 
too quickly, resulting in an accelerating heart rate. A 
common example of triggered automaticity is the 
torsades-de-pointes type of tachycardia. Torsades-
de-pointes (twisting points) takes its name from the 
French and describes the twisting or turning action 
the ECG seems to show (see Fig. 1.5).

Reentry

By far the most common mechanism for tachycar-
dias anywhere in the heart is reentry, responsible for 
about 90% of all tachycardias. Although common, 
reentry is a complex mechanism which requires 
several specifi c conditions to be met before it can 
occur.

Reentry tachycardia fi rst requires a bypass tract. 
The conduction pathway through the heart (from 
SA node over the atria to the AV node then out 
across the ventricles) is ideally a series of relatively 
straightforward unidirectional pathways from ori-
gin to termination. An impulse entering the path-
way travels down through the cells, creating a cas-
cade effect of depolarization and repolarization. 
Electrical impulses that enter the pathway after the 
initial impulse may still travel, but they encounter 
only refractory cells and cause no depolarization. A 
bypass tract occurs when the conduction pathway 
forms a branch that splits but then reconnects. As 
a result impulses traveling down the pathway may 
go down one side or the other, but will eventually 
regroup at the end (see Fig. 1.6).

For reentry to occur, this bypass tract must have a 
fast path and a slow path, that is, the two arms of the 
bypass tract must be electrically heterogeneous, that 

Fig. 1.5 Torsades-de-pointes. This is one of the best known types of ventricular tachyarrhythmia caused by triggered 
automaticity. Its name means ‘twisting points’, taken from the apparent twisting motion of the waveforms on an ECG. 
Torsades-de-pointes occurs when a trigger falls in the vulnerable phase 4 of the action potential, causing the heart to start 
its next depolarization too quickly (and thus accelerating the heart rate).

Refractory Tissue

Fig. 1.6 Bypass tract. A bypass tract consists of an electrical 
conduction pathway which splits at one point and then 
reconnects. This bypass tract allows electrical energy to 
fl ow down either the right side or left side of the tract. If 
both sides of the tract conducted electricity at exactly the 
same speed, this would not be a problem. However, if one 
side conducts electricity faster than the other side, it means 
that the cardiac tissue on one side of the bypass tract is 
going to be refractory at the same time as the other side is 
capable of conducting electricity. This means that electrical 
energy can get ‘trapped’ in the loop and circulate around 
and around the tract rather than fl owing downward and 
out.
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6  The Nuts and Bolts of ICD Therapy

is, they must conduct electricity at different speeds. 
This, in turn, means that the two pathways will have 
different refractory periods. Impulses will travel 
more quickly through one path than the other, and 
one pathway can be refractory (not subject to depo-
larization) at the same time as the other pathway is 
depolarizing.

Finally, a reentry tachycardia requires some sort 
of triggering event, most commonly a premature 
contraction. This trigger enters the bypass tract and 
sets off a chain of events, which results in an endless 
loop of accelerating depolarizations, causing a very 
rapid heart rate (see Fig. 1.7).

Types of tachycardia

Supraventricular tachycardias (SVTs)
Supraventricular tachycardias (SVTs) originate 
above the ventricles and allow impulses to travel 
downward via the His-Purkinje network. SVTs 
can be caused by either automaticity or reentry 
mechanisms, and they are rarely life-threatening. 
When caused by automaticity, SVTs tend to be 
chaotic and multifocal, meaning they originate 
from many points in the upper areas of the heart. 
Usually caused by some sort of metabolic disorder 
(including digitalis toxicity, pulmonary disease, or 
acute alcohol poisoning), automatic SVT does not 
respond to pacing or cardioversion but can some-
times be reversed by treating the underlying cause.

Reentrant SVT is the more common form of SVT 
and may be congenital or acquired, and is known to 
occur even in patients without heart disease or acute 
illness. Intra-atrial reentry tachycardias (atrial fl ut-
ter, atrial fi brillation) are caused when the reentry 
circuit occurs within the atria. SA or AV nodal reen-
trant tachycardias are sometimes also described as 
micro-reentry tachycardias because the whole by-
pass tract resides entirely in the SA or AV node – a 
very small (‘micro’) area.

AV nodal reentrant tachycardia (AVNRT)
AV nodal reentrant tachycardia (AVNRT) accounts 
for about 60% of all atrial, narrow-complex tachy-
cardia seen in clinical practice, excluding atrial fi b-
rillation. This micro-reentry tachycardia does not 
actually involve the atria or ventricles directly, since 
the whole bypass tract is contained in the AV node. 
On the other hand, the micro-reentry circuit in the 

A

B

C

Premature 
Ventricular
Cantraction

Depolarizing

Refractory Tissue

Refractory Tissue

Refractory Tissue

Fig. 1.7 Reentry tachycardia. Here is how a reentry 
tachycardia can get started. (A) A premature contraction 
or trigger enters the bypass tract. Since it is not properly 
timed (it arrives too early), it fi nds that tissue on one leg 
of the path is refractory. (B) The conduction on the fast 
path arrives at a juncture where it can either go down 
or back up. If it were not for the premature contraction, 
it would only be able to go down because the slow path 
of the bypass tract would all be refractory. However, 
the premature contraction has caused only part of the 
slow path to be refractory (shaded). This means that the 
electrical impulses in the fast path may travel back up 
and around the tract. (C) Because it is a loop, the bypass 
tract allows one impulse to keep traveling around and 
around the circuit. It accelerates as it does and causes rapid 
contractions of cells. New impulses can enter, but since the 
principle of cardiac conduction is ‘fastest impulse wins,’ the 
new impulses cannot take control.

Premature
Ventricular 
Contraction
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CHAPTER 1  Sudden cardiac death  7 

AV node activates atria and ventricles, so the heart’s 
upper and lower chambers both participate. One 
characteristic of AVNRT is that premature beats in 
one chamber do not affect the timing of beats in the 
other chamber.

Wolff-Parkinson-White (WPW) syndrome
In contrast to a micro-reentry circuit, sometimes a 
reentry tachycardia relies on a very large ‘macro’-
reentry circuit. An example of this is Wolff-Par-
kinson-White (WPW) syndrome where the bypass 
tract is large enough to connect the atrium directly 
to the ventricle. In this sort of tachycardia, the prem-
ature beats of one chamber will obviously advance 
the activation of the other chamber, since the bypass 
tract links atrium to ventricle.

Atrial fi brillation (AF)
The most common arrhythmia in the world is a type 
of intra-atrial SVT known as atrial fi brillation (AF). 
At one time, AF was described as chaotic atrial activ-
ity from multiple focal points, but modern theory 
holds that AF may actually be a more organized 
rhythm disorder than originally suspected. Many 
AF rhythm disorders originate in or near the pulmo-
nary veins and not directly in the atria. AF is often 
inducible in the electrophysiology lab, but even there 
it can be hard to terminate. There are three broad 
classifi cations of AF, but even experts sometimes 
disagree as to where one category ends and the next 
begins. The three types of AF are paroxysmal (which 
terminates on its own), persistent (which requires 
medication, cardioversion, or both to terminate) 
and permanent (which cannot be stopped). While 
AF is not necessarily a lethal rhythm disorder in the 
same way that ventricular fi brillation is deadly, AF is 
associated with a greatly increased risk of stroke and 
other major health risks.

SVTs with rapid ventricular response
Patients with different types of SVT are typically 
treated with drugs to prevent the onset of the rhythm 
disorder or to slow down the ventricular response. 
Some SVTs can be treated with ablation, in which 
the reentry circuit is surgically destroyed. Ablation 
can be done by radiofrequency (RF), such as AV 
nodal ablation or by open-chest surgery (the Maze 
procedure). Newer, minimally invasive, catheter-
based ablation procedures are being introduced. 

Ablation still poses considerable clinical challenges 
in terms of mapping (fi nding the bypass tract) and 
navigation (getting to it), but when properly done in 
the appropriate patient, ablation is curative.

SVTs can also be treated with external cardioversion 
and defi brillation. Implantable atrial cardioverter-
defi brillators are plausible devices that were in 
development in the 1990s, but they failed to gain 
widespread acceptance.8 For the most part, SVTs are 
not lethal and some are even asymptomatic. An im-
plantable device that dispenses an uncomfortable 
therapy to treat these SVTs was perceived as painful 
and intrusive by most patients.

Monomorphic and polymorphic VT
Ventricular tachycardia (VT) describes any too-fast 
heart rhythm that originates in the ventricles. Gen-
erally defi ned as occurring at rates between 100 and 
300 beats a minute, VT can be monomorphic (origi-
nating from one focus in the ventricle) or polymor-
phic (originating from multiple focal points in the 
ventricle).

Monomorphic and polymorphic VT are fairly 
easy to detect on a surface ECG. Monomorphic VT 
consists of rapid but fairly regularly shaped QRS 
complexes. In monomorphic VT, all of the com-
plexes should look similar in terms of complex 
morphology. On the other hand, polymorphic VT is 
characterized by differently shaped QRS complexes 
(see Figs 1.8 and 1.9).

VT can also be described as sustained (over 30 
seconds in duration) and nonsustained (less than 30 
seconds in duration). Nonsustained VT (NSVT) is 
a short run of VT which spontaneously terminates 
and is usually asymptomatic. Sustained VT lasts for 
a longer period of time, but may also spontaneously 
terminate.

Ventricular fi brillation (VF)
By far, the most lethal arrhythmia in the world is 
ventricular fi brillation (VF), which usually occurs 
at rates between 200 and 300 beats a minute. Un-
like VT, in which clearly discernible (if somewhat 
erratically shaped) QRS complexes can be seen, 
VF is a wildly disorganized rhythm with no clear, 
individual QRS complexes at all. When VF occurs, 
the heart is no longer really pumping; it’s quivering. 
Cardiac output drops to zero and the patient quick-
ly approaches hemodynamic collapse. VF causes 
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asystole (fl at line) and leads to death, sometimes in 
as few as 4 minutes from time of onset. Fortunately, 
VF can be effectively reversed with timely defi bril-
lation (see Fig. 1.10).

About 10% of all cases of VT have automaticity as 
the mechanism. An automatic VT is evidenced by an 
abnormal acceleration of phase 4 of the membrane 
potential. Ischemia and metabolic causes (electro-
lyte imbalance, acid/base imbalance) are the main 
causes of automatic VT, which can also be induced 
by drug toxicity. If the underlying cause of the au-
tomaticity can be addressed, automatic VT is com-
pletely reversible.

Long QT syndrome (LQTS)
Probably the best example of a VT involving trig-
gered automaticity as a mechanism is long QT syn-
drome (LQTS). Although relatively rare, LQTS has 
received some attention in the cardiology commu-
nity, particularly for an inherited form of the disease 

Fig. 1.8 Monomorphic VT. In a monomorphic VT, the tachyarrhythmia originates from a single place in the ventricles. This 
results in a series of QRS complexes which look similar to each other.

Fig. 1.9 Polymorphic VT. In a polymorphic VT, the tachyarrhythmia originates from more than one region in the ventricle. 
This causes the QRS complexes on the QRS to have different shapes, depending on their points of origin.

which strikes families and often causes prem ature 
deaths of children and adolescents. While there is 
a divergence of opinion on the appropriate role of 
ICDs (implantable cardioverter-defi brillators) in 
this population, there is evidence that ICD implan-
tation even in young people with congenital LQTS 
is appropriate.9 While high-risk patients with con-
genital LQTS may benefi t from ICD therapy, its use 
is controversial and some investigators advocate 
concomitant beta-blocker therapy.10

LQTS may also be acquired. On the membrane 
potential curve, LQTS affects the repolarization 
phase of the slope of phases 1–3. This prolongs the 
refractory period and allows a window of opportu-
nity for intruding abnormal rhythms.

Torsades-de-pointes
Torsades-de-pointes is an example of a triggered-
automaticity polymorphic VT and is often treated 
with magnesium infusion (even if serum magne-

Fig. 1.10 Ventricular fi brillation. The most lethal of all arrhythmias, ventricular fi brillation lacks discernible QRS complexes. 
The tracing typically shows small-amplitude, bizarrely shaped signals that indicate a disorganized, quivering type of 
rhythm.
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Fig. 1.11 Action potential for Brugada syndrome. The 
action potential for Brugada syndrome shows a very steep, 
almost immediate voltage decline after depolarization 
when contrasted to a normal action potential. Reentrant 
tachycardia occurs because of this shortened action 
potential.

sium levels are normal), isoproterenol infusion 
or electrical rhythm management. Torsades-de-
pointes is not a reentry tachycardia and is typically 
treated with pharmacological therapy. This type of 
arrhythmia is much more common in females than 
males, but the pathogenesis of torsades-de-pointes 
is not completely understood.11

Brugada syndrome
Brugada syndrome was fi rst described just 10 years 
ago and has been the subject of considerable interest 
and study. A hereditary disorder, Brugada syndrome 
affects the early repolarization phase of the action 
potential (phases 1–2) and triggers a VT or even VF 
by automaticity. The disease exists all over the world, 
but is particularly prevalent in Asia. While more re-
search needs to be done to better understand why a 
genetic mutation causes triggered automaticity in 
the ventricles, Brugada syndrome may respond to 
ICD therapy (see Fig. 1.11).12

Reentry VT/VF
By far the most common mechanism for VT and VF 
is reentry.13 Reentrant VT frequently starts around 
an area of scar tissue on the heart, such as might 
occur as a result of an MI or heart disease. This scar 
area forms what cardiologists sometimes call the 
‘substrate’ or area of compromised tissue that can 
support a reentrant VT or VF.

For patients who have had an MI, it is easy to un-
derstand how substrates form. During an MI, the 
heart muscle is deprived of valuable oxygen-rich 
blood. This lack of oxygen results in the necrosis or 
death of certain areas of cardiac tissue. The dam-
age caused by an MI depends on where this tissue 
necrosis occurs and how much tissue is involved. 
Heart attack survivors have portions of diseased 
or scar tissue in the heart muscle. It is around this 
scar tissue that the conduction defect can occur. 
The dead tissue no longer conducts, but the margin 
of viable tissue around the scar often acts as aber-
rant conduction pathways. This is such a prevalent 
method for reentry tachycardia that all heart attack 
survivors should be counseled about their potential 
susceptibility to rhythm disorders.

In theory, reentry VT and VF can be treated by 
ablation, that is, the surgical removal of part of the 
bypass tract. The practical realities of VT ablation 
are much different: the bypass tracts are diffi cult to 

locate and map and often involve a large area. Even 
if the bypass tract could be properly identifi ed and 
surgically excised, the ablation procedure creates a 
new scar … and this can restart the cycle!

Medications to affect the action potential and 
slow the rate of conduction (thus reducing the heart 
rate and stopping or at least making the VT less se-
vere) or drugs that change the refractory period 
(to inhibit reentry) have long been a mainstay in 
cardiology. However, most cardiologists know that 
cardiac drugs are toxic at incorrect dosages, require 
careful monitoring even at correct dosages, and 
sometimes have pro-arrhythmic effects. Implant-
able defi brillators, fi rst introduced in the 1980s and 
pioneered in the next decade, offer real promise in 
treating VT and VF. The idea behind defi brillation 
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10  The Nuts and Bolts of ICD Therapy

is to treat the electrical cause of reentry VT/VF with 
a generic ‘dose’ of electricity. The implantable de-
vice was pioneered to make sure it was constantly 
on standby, ready to administer electrical energy 
whenever a potentially dangerous reentry ventricu-
lar arrhythmia occurred.
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The nuts and bolts of sudden cardiac death

usually as a result of an acid/base imbalance, 
electrolytic imbalance, metabolic condition, or 
some form of drug or alcohol poisoning.

• The action potential describes what happens 
in the heart at the cellular level that causes 
it to beat. The action potential consists of 
fi ve phases (0 through 4) in which 0 involves 
depolarization, phases 1, 2, and 3 describe 
repolarization and the short phase 4 describes a 
brief moment of rest. Many cardiac conditions 
and the mechanisms of action for many cardiac 
drugs involve changes to one or more phases of 
the heart’s action potential.

• Membrane potential is the electrical potential of 
a cardiac cell at rest.

• Automaticity refers to the ability of many types 
of cardiac cells to spontaneously generate 
electricity. Although the sinoatrial (SA) node 
is the heart’s ‘natural pacemaker,’ many cells, 
including some in the AV node and others in the 
ventricle possess automaticity as well.

Continued.
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• Torsades-de-pointes is a form of automatic 
tachycardia and does not respond to electrical 
therapy.

• Most arrhythmias are named for where they 
originate (a supraventricular tachycardia is 
any too-fast rhythm that originates above the 
ventricles; it may affect atria and ventricles).

• For reentry to occur, there must be a bypass 
tract with a fast path and a slow path. This 
means that one portion of the tract will be 
refractory (that is, unable to depolarize) at 
the same moment that the other pathway is 
depolarizing.

• AV nodal reentrant tachycardia is a form of 
micro-reentry tachycardia because the reentry 
circuit is very small and entirely contained in 
the AV node. Wolff-Parkinson-White syndrome 
(WPW) is a form of macro-reentry tachycardia 
in that the reentry circuit directly links atrium 
to ventricle and covers a very large area of the 
heart.

• Two of the most common atrial arrhythmias 
are AV nodal reentrant tachycardia and atrial 
fi brillation.

• Atrial fi brillation (AF) is roughly classifi ed 
into paroxysmal (sudden onset, terminates 
spontaneously), persistent (longer episodes 
that require intervention, typically drugs or 
cardioversion, to terminate) and permanent 
(refractory to treatment). AF is a progressive 

disorder.
• In general ventricular tachycardia (VT) is a 

too-fast heart rhythm that originates in the 
ventricles with a rate between 100 and 300 
beats a minute. Ventricular fi brillation (VF), 
which is far more dangerous, is a too-fast, wildly 
disorganized heart rhythm that originates in 
the ventricles with a rate between 200 and 300 
beats a minute or even higher. In terms purely 
of rate, it can be diffi cult to say if a ventricular 
tachyarrhythmia of 250 beats a minute is VT 
or VF without looking at an ECG. On an ECG, 
VF is a chaotic, disorganized rhythm and it is 
impossible to see a clearly differentiated QRS 
complex. VT, on the other hand, can be very fast 
but does show discernible QRS complexes.

• A monomorphic VT is one that originates 
from one source in the ventricle and all QRS 
complexes have a similar shape on the ECG. A 
polymorphic VT originates from more than one 
source in the ventricle and has different QRS 
morphologies present on the ECG.

• Long QT syndrome (LQTS) is a relatively rare 
disorder in which triggered automaticity causes 
ventricular fi brillation. It can be acquired or 
hereditary.

• Brugada syndrome is a hereditary disorder 
which provokes an automatic VT or even VF. It 
is more common in people from Asia and South 
America, and it may respond to defi brillation.

Continued.
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2 CHAPTER 2

The history of ICDs

Although the implantable cardioverter-defi brillator 
(ICD) is now an integral therapy for cardiac patient 
care and has saved hundreds of thousands of pa-
tients worldwide, its history is full of strife. As the 
fi rst alternative to drugs and surgery, the ICD has 
faced formidable opposition and even today is not 
widely understood and endorsed by many clinicians 
outside of cardiology and electrophysiology.

Its inventor, Mieczyslaw (Michel) Mirowski was 
born in Poland in 1924. At age 14 he was forced to 
fl ee his home to escape the Nazis and was the only 
member of his family to survive the holocaust.

After the war, he attended medical school in Lyon, 
France. He completed his residency in Israel, and 
cardiology fellowships at the Johns Hopkins Hos-
pital in Baltimore and the Institute of Cardiology in 
Mexico City. He returned to Israel in 1962 to become 
the Chief of Cardiology at Asaf Horofeh Hospital.1

In 1966 a friend and colleague of Mirowski, Pro-
fessor Harry Heller, was diagnosed with recurrent 
ventricular tachycardia (VT). His sudden death, 
only 2 weeks later, inspired Mirowski’s idea of im-
planting an automatic defi brillator. Although the 
concept for an automatic implantable defi brillator 
(AID) was born in Israel, the technology and fund-
ing necessary to develop it were not available there.2 
The fi rst device implanted in a human was called an 
automatic implantable defi brillator or AID. How-
ever, it was later felt that this acronym implied that 
ventricular fi brillation (VF) was the only arrhyth-
mia that the device treated, so the name was later 
modifi ed to AICD (automatic implantable cardio-
verter-defi brillator) and subsequently shortened in 
popular usage to ICD.

In 1968 Mirowski became Director of the Coro-
nary Care Unit at Baltimore’s Sinai Hospital and in 
1969 he began his research on the ICD with Dr Mor-
ton Mower. Though Mirowski was completely con-
vinced that internal catheter defi brillation would 

work, his idea was rejected by almost everyone, in-
cluding his own research partner Mower! In 1979 
they published their fi rst manuscript on the ICD 
and the medical community’s response was one of 
severe denunciation. The sharpest criticism came 
from Dr Bernand Lown, the leading authority on 
defi brillation. He wrote in an editorial published in 
Circulation in 1972 that it was not only impossible 
to develop an ICD but unethical to test its perform-
ance since this required having to induce potential-
ly lethal VF in the patient receiving such a device.3 
Lown did not foresee that ICD therapy would one 
day progress to the point where devices could be im-
planted under conscious sedation without the need 
for defi brillation threshold testing.

Mirowski garnered some initial support from 
a leading pacemaker company, but in 1972 this co-
operation was terminated because of a perceived 
lack of interest of the medical community in such a 
device. Undaunted, Mirowski persisted and eventu-
ally met Dr Stephen Heilman who owned a small 
biomedical engineering company. After 2 years of 
work with this company, Mirowski and Mower de-
veloped the fi rst implantable prototype and began 
testing in the animal lab, specifi cally with dogs. The 
system performed well in the canine tests, and could 
even recycle and deliver a second shock if the initial 
shock failed. In 1975 Mirowski and Mower made a 
fi lm in which the implanted device resuscitated a 
dog from an induced VF.4

It wasn’t until the mid-1970s that a series of 25 
long-term chronic canine implants demonstrated 
the viability of the device. Films made of conscious 
animal testing showed that the device could sense 
and defi brillate VT effectively. In more than 60 im-
plants, there were only four failures, all attributable 
to lead damage associated with surgical technique.

Clearly, ICD therapy showed promise, yet the 
investigators still received no support from the sci-
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entifi c community, who doubted the data’s veracity 
and even challenged the dog movies as fakes! Subse-
quent fi lms of animal tests ran simultaneous ECGs, 
but even this did not convince the critics.

Only after extensive investigational review board 
inquiries did the team get permission for human 
implants. Even then, patients had to meet almost 
impossible entry criteria: a patient had to have sur-
vived at least two life-threatening ventricular ar-
rhythmias (which were not within 6 weeks of docu-
mented myocardial infarction – MI) plus they must 
have failed pharmacological therapy.3

The fi rst ICD patient was a 57-year-old woman 
with documented coronary artery disease, a history 
of acute MI, and recurrent syncope with document-
ed VF. She had failed extensive drug testing and she 
and her family agreed to try device therapy. She un-
derwent general anesthesia on February 4, 1980 at 
Johns Hopkins Hospital with Dr Levi Watkins as the 
operating surgeon. The procedure was going quite 
well, until the ICD was requested. The circulating 
nurse picked up the package containing the device 
and dropped it to the fl oor! The device was damaged 
and could not be implanted in the patient. Fortu-
nately, a second device was available, and it was suc-
cessfully implanted without complications.

The report of the fi rst human implant was pub-
lished in The New England Journal of Medicine.5 
From 1980 to 1985 the device then known as the 
AID was implanted in some 800 patients at insti-
tutions on both sides of the Atlantic, including the 
Fundación Jiménez Díaz in Spain.

Finally, in 1985, 19 years after Michel Mirowski 
fi rst conceived the idea for the device, the FDA 
cleared the ICD for commercial sale in the US.6

Tribute and recognition followed. In 1989 the 
Mirowski Symposium was begun as a way to honor 
the pioneering work of Dr Michel Mirowski in 
the development of the implantable cardioverter-
defi brillator and to further the understanding of the 
emerging fi eld of electrophysiology. Traditionally 
the Mirowski Award is given during this program to 
recognize an individual who has made vital contri-
butions to the understanding of cardiac rhythm dis-
turbances.6 In 1990 Mirowski died, but his legacy to 
the world, the ICD, literally lives on in the hundreds 
of thousands of patients whose lives are prolonged 
by them. In 2002 Michel Mirowski was inducted 
into the National Inventors Hall of Fame for his pat-

ent number 4,202,340 Method and Apparatus for 
Monitoring Heart Activity, Detecting Abnormali-
ties, and Cardioverting a Malfunctioning Heart.7

Over 20 years have passed since the fi rst ICD 
implant. ICD therapy has signifi cantly decreased 
sudden cardiac death (SCD) from arrhythmia (VT 
and VF).8 Primary treatment trials have shown ICD 
therapy to be superior to drug therapy for many pa-
tient populations. Ongoing trials include evaluation 
of ICD therapy for patients in such arrhythmia-rich 
populations as patients with congestive heart fail-
ure,9 dilated cardiomyopathy,10 hypertrophic cardio-
myopathy,11 and repolarization syndromes.12 Fac-
tors such as medication ineffi cacy/side effects and 
overwhelming mortality benefi ts have expanded 
ICD usage beyond the original restrictive guide-
lines.13 (See Fig. 2.1.)

The fi rst ICDs required a thoracotomy to im-
plant. The original defi brillation leads were epicar-
dial patches, large mesh conductors that were su-
tured to the outside of the heart (see Fig. 2.2). While 
epicardial patch leads were safe and effective, the 
highly invasive implantation procedure conferred 
some risk to patients considering ICD implant. 
Often, ICDs were only implanted in patients un-
dergoing other open-chest procedures. In addition, 
devices were very large and could only be comfort-
ably implanted in the abdomen. A tunneling tool 
was required to route the epicardial lead down to 
the generator, where it plugged in. An ICD implant 
procedure could take several hours and required 
considerable expertise on the part of the physician. 
The invention of the transvenous defi brillation lead 
along with the radical downsizing of the generator 
allowed the ICD to be implanted in a minimally 
invasive procedure with the generator placed pec-
torally and leads routed transvenously, in the same 
manner as pacemaker leads. This invention made 
ICD implantation faster, safer, and technically easi-
er, and it opened up the benefi ts of ICD therapy to a 
wider base of potential patients.

Despite bitter criticism, much opposition and 
even bad luck, the ICD has succeeded in becoming 
a major life-saving component of modern cardiac 
medicine. The need to educate clinicians about ICD 
and its benefi ts remains one of the greatest challen-
ges in getting ICDs to all of those who need and can 
benefi t from them. The cardiac community should 
fi nd inspiration in Dr Mirowsky’s tenacity as we 
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persevere in increasing our own knowledge as well 
as sharing it with other clinicians and patients.
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Temporal complexity of repolarization and mortality 

in patients with implantable cardioverter defi brillators. 

Pacing Clin Electrophysiol 2003; 26: 1931–6.

13 http://www.hear tdisease j .com/pt/re/hear tdis/

abstract.00132580-200205000-00007.htm;jsessionid=

CeeMDu2nmQ5LhYtarOFVEsjbjZ1ubXjviSOrMSeJZ

NOtdEkiKM1Q!2000813083!-949856031!9001!-1 (ac-

cessed April 28 2005).

The nuts and bolts of ICD history

• The ICD has not always enjoyed acceptance as 
a medical treatment of fi rst resort, but clinical 
evidence has gradually expanded indications for 
its use.

• Dr Michel Mirowski is generally credited as the 
inventor of the ICD, inspired to create a life-
saving device by the sudden cardiac death of a 
dear friend.

• The idea for the ICD was ‘born’ in Israel, but 
developed in the US.

• The fi rst devices were called AIDs or automatic 
implantable defi brillators. This name was 
changed when it was feared some might think 
it treated only ventricular fi brillation and not 
ventricular tachyarrhythmias. A new name 
– implantable cardioverter-defi brillators – was 
coined, the abbreviation of which is used today 
(ICD).

• Mirowski’s early canine experiments with 
defi brillation (captured on fi lm) were at one 
time denounced as a hoax by some individuals 
in the medical community.

• The fi rst human implant of an ICD occurred 
in 1980. By 1985, about 800 devices had been 
implanted in the US and Europe.

• The FDA gave market clearance to the fi rst 
ICD in 1985. These early devices required a 
thoracotomy to place epicardial leads and the 
large generator had to be placed abdominally.

• Innovations to the ICD, particularly transvenous 
defi brillation leads and a radically downsized 
generator, have encouraged greater use of the 
ICD.

• Dr Mirowski died in 1990 but the Mirowski 
Symposium and Mirowski Award honor his 
memory.
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The ICD system

The initial concept of an implantable device capa-
ble of providing therapy to a fi brillating heart dates 
back to 1966, when pacemakers were relatively new, 
yet rapidly gaining clinical and patient acceptance. 
Some of the technology from pacemakers migrated 
readily to the implantable cardioverter-defi brillator 
(ICD). For example, ICDs consisted of electronic 
components and a battery housed in a hermetically 
sealed titanium case. A clear epoxy header on the top 
of the device connected to the internal battery and 
‘brains’ of the system through metal feedthroughs. 
The leads plugged into the header, were secured with 
a set-screw or other mechanism, and then allowed 
device energy to travel through the feedthroughs 
into the leads and on to the heart.

The electronic components of the pacemaker 
are created on a hybrid circuit, a small board which 
contains a variety of transistors, resistors, chips, and 
other components connected to provide proper 
electrical timing. As devices got more advanced, 
the components were more similar to a miniature 
computer. They could not only provide electrical 
stimulation according to predefi ned algorithms, 
they could modify their responses based on the 
patient’s own heart beats. Even more advanced de-
vices would incorporate a memory function so that 
sensed information could be stored in the device 
and downloaded later through a proprietary table-
top computer known as a programmer.

Like a pacemaker, the implantable defi brillator 
had to be a self-contained, battery-powered device. 
Specially designed lithium-vanadium cells had 
emerged as an ideal ICD battery. (These are cousins 
of the lithium-iodine batteries used in pacemak-
ers.) Lithium is a very light metal with what engi-
neers call the highest standard potential, meaning 
that lithium has the highest energy density. Lithium 
cells are not widely used for household or industrial 
purposes because lithium reacts violently when ex-

posed to water and can only be used when the bat-
tery is hermetically sealed.

In battery technology, lithium (the metal) 
serves as the anode or positive pole and another 
element acts as the cathode or negative pole. For 
pacemakers, iodine (a trace mineral) was found to 
be a suitable cathode. (Lithium and iodine are the 
substances, but when they react together they are 
lithium-iodide.) Lithium-iodide cells were small, 
lightweight, and had very predictable, reliable dis-
charge curves, that is, they produced energy in a 
predictable way.

Some of the early ICDs used the lithium-iodide 
battery technology of their pacemaker cousins, but 
a new lithium-vanadium battery soon emerged as 
the preferred battery for ICD devices. (There are 
many other types of lithium batteries as well.) Va-
nadium is a trace element which acts as the cathode 
in these cells. Like lithium-iodide batteries, lithium-
vanadium cells are powerful, long-lived batteries 
with reliable discharge curves.

One of the most signifi cant technical hurdles 
to overcome in creating an implantable defi brilla-
tor was fi nding a suitably large battery. Pacemakers 
typically pace at outputs of 1–3 volts, sometimes 
even less than that. Since the lithium-iodide cells 
in use were around 2.4 volts, these batteries worked 
well. Components called voltage multipliers could 
take the voltage produced, ramp it up, and allow the 
device to deliver as much as a 7 (or in some devices, 
even 10) volt output. Such high outputs were rare 
and most pacemakers use a voltage multiplier to in-
crease voltage only slightly.

The defi brillating energy delivered by an ICD was 
hundreds of times that amount. In fact, ICDs can 
deliver 500, 700 or more volts in a single therapy 
delivery. While it was possible to use larger batteries 
to get more voltage, the initial technological bar-
rier was fi nding a battery that was small enough yet 
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could deliver hundreds of volts to a patient – all on 
a few seconds’ notice!

The problem was solved with an electronic com-
ponent called a capacitor. Unlike voltage multipli-
ers, which could only augment a small amount of 
voltage, a capacitor was designed to hold a charge 
and deliver it all at once. One way to think of a ca-
pacitor is as a bucket, which the battery keeps fi lling 
with voltage until suffi cient voltage is in the bucket. 
At that moment, the bucket is tipped over and all of 
the voltage is delivered at one instant.

Early capacitor technology still required a rela-
tively large battery, plus the device had to be large 
enough to accommodate the capacitor – not a min-
iature component. As devices progressed, capaci-
tors got smaller, smarter, and then fl atter. Today’s 
ICDs are no bigger than the pacemakers of the 
1970s. However, the original units were quite large 
and might weight 700 or 800 grams (a modern ICD 
weighs about 70 grams).

The fi rst ICDs only delivered defi brillation ther-
apy. Later on, lower-voltage therapy known in the 
industry as cardioversion was added, which earned 
the devices their acronym: implantable cardioverter-
defi brillator. Pacing support was a function not 
added to ICDs until the 1990s, but today almost all 
ICDs, including the most basic systems, offer pacing 
support. In fact, when ICDs are called ‘single-cham-
ber’ or ‘dual-chamber’ systems, that distinction does 
not apply to the defi brillation capability of the unit; 
it refers to the type of pacemaker function the de-
vice provides. Single-chamber ICDs defi brillate the 
heart and offer VVI(R) pacing. Dual-chamber ICDs 
defi brillate the heart and offer DDD(R) pacing.

In order to deliver a high-voltage output to the 
heart, engineers were also challenged to design a 
special type of lead that would transmit the voltage 
from the device to the heart. The fi rst generation of 
ICDs relied on epicardial leads, which were titanium-
mesh ‘fl y swatter’ leads made with Dacron® rein-
forced rubber. This mesh patch was sewn onto the 
outside of the heart in an open-chest procedure. In a 
typical procedure, two epicardial patches were sewn 
onto the heart: one in the anterior right ventricular 
region and the other in a posterior, lateral, left ven-
tricular area. The idea was that current would fl ow 
through the mass of the heart from patch to patch.

While epicardial leads worked well, they required 
patients to undergo a thoracotomy in order to get an 

ICD implanted. Once the patch leads were sutured 
to the heart, the proximal ends were ‘tunneled’ to the 
abdomen, where a pocket was created to hold the 
device. The tunnel was created with a tunneling tool 
that created a passageway for the leads to go from 
the heart via the abdomen to the device. Abdomi-
nal implants were common in the earliest ICDs, in 
fact, they were routinely performed through the 
mid-1990s. One reason an abdominal implant was 
the preferred method was the size and shape of the 
devices. They were very large, heavy, and rectangu-
lar and could not really be accommodated in other 
parts of the body.

Without a doubt, one of the greatest innova-
tions in ICD technology was the development of a 
transvenous defi brillation lead. Unlike pacing leads, 
which were required only to pace and sense the heart 
(that is, deliver or receive small electrical signals), a 
defi brillation lead had to be able to deliver a large 
amount of electrical energy in a single output. The 
epicardial patches worked well for that purpose, but 
they made ICD implantation a major invasive pro-
cedure. A transvenous lead made the implantation 
much less invasive and greatly improved patient 
acceptance (see Fig. 3.1). It also helped move the 
process from one requiring general anesthesia to an 

Fig. 3.1 Defi brillation lead. Defi brillation leads today are 
transvenous, meaning they can be implanted through the 
vasculature rather than requiring an open-chest procedure. 
Downsizing the lead diameter has led to the creation of 
reliable leads that can pace, sense, and defi brillate and 
which are comparable in size to bipolar pacing leads. 
Courtesy of St Jude Medical.
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operation that could be done under conscious seda-
tion and sometimes even on an outpatient basis.

In order to create a transvenous defi brillation 
lead, engineers had to create an electrical circuit 
capable of withstanding a large bolus of electricity. 
To do this, they created leads with a special ‘coil’ of 
wire capable of delivering a large jolt of electricity. 
Single-coil defi brillation leads use one coil, while 
dual-coil defi brillation leads had a proximal and a 
distal coil (much like the old epicardial system of 
using two points of energy). These leads were much 
thicker in diameter than conventional pacemaker 
leads, but they could still be passed through the 
vasculature and maneuvered into place in the right 
ventricle, where they were fi xated (using either an 
active fi xation or passive fi xation mechanism) in 
the same manner as low-voltage pacemaker leads. 
Over time, technology allowed defi brillation leads 
to reduce their diameter until today, when they are 
not much larger than bipolar pacing leads (see Figs 
3.1 and 3.2).

A defi brillation lead typically contains two coils, 
one at the distal end (the right ventricular or RV 
coil) and another, a bit more proximal than the 
far distal coil (the superior vena cava or SVC coil). 
Shocking energy travels along a circuit, and this cir-
cuit may be formed by RV and SVC coils. In single-
coil leads, the circuit is formed from the RV coil to 
the device can.

In addition, today’s defi brillation leads do more. 
Since most ICDs today also function as single-
chamber or dual-chamber pacemakers, defi brilla-
tion leads today pace and sense like pacemaker leads 
but also come equipped with one or more coils to 

defi brillate the heart when necessary. Small-diam-
eter defi brillation leads have made it easier than ever 
to implant a complete ICD system, even in smaller 
framed patients. Of course, in the rare cases when 
ICDs are required in pediatric patients, it may be 
necessary to use the epicardial patch leads since even 
the smallest available transvenous defi brillation 
leads could be too large for a small child.

ICDs are housed in a titanium case, sometimes 
nicknamed the ‘can’ (see Fig. 3.3). Titanium is a very 
light, extremely strong, biocompatible metal that 
had already established itself as a valuable material 
in pacemaker implants. An ICD ‘can’ is actually two 
halves. Components on a hybrid board, a battery, 
one or more capacitors, and other components are 
put in one half of the can; the other half is put on top 
to close the can and the two halves are laser-welded 
together in such a way as to create a hermetic seal. 
This seal protects the inside of the device from the 
invasion of bodily fl uids.

One, two, or sometimes three leads plug into the 
clear epoxy header on top of the device. In the fi rst 
generation of dual-chamber ICDs, it was common to 
implant a right atrial pacing lead, a right ventricular 
pacing lead, and a defi brillation lead in the right ven-
tricle. Today, even dual-chamber ICDs rarely require 

Fig. 3.3 Modern ICD. This ICD weighs only about one-
tenth of what the fi rst ICDs weighed and it offers far 
more functions and lasts longer. Advances in capacitor 
and battery technology have allowed for downsized, 
streamlined ICDs capable of full-featured dual-chamber 
pacing along with advanced defi brillation functions. 
Courtesy of St Jude Medical.

Fig. 3.2 Defi brillation leads. A single-coil defi brillation lead 
forms an electrical circuit from the coil on the lead itself to 
the ICD device (can). Dual-coil defi brillation leads form the 
electrical circuit from one coil to the other.
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more than two leads, since the right ventricular lead 
both paces/senses and defi brillates the heart. In cases 
where there are more ports in the header than leads to 
be used, a silicone plug is provided to seal the opening 
of the device before it is implanted.

Devices communicate with clinicians through 
a proprietary table-top computer known as a pro-
grammer. A telemetry wand is placed over the 
implanted device and establishes bidirectional 
communication, allowing the device to download 
diagnostic data and other information (including 
stored electrograms) and allowing the clinician to 
change parameter settings. Long available for pace-
makers, remote patient monitoring is now available 

for ICDs in the form of home-based transmitters 
that utilize wrist electrodes and either phone lines 
or Internet connections to send information. Such 
remote systems do not allow for a clinician to adjust 
the device, but can allow battery status and recent 
diagnostics, including recent therapy deliveries, to 
be checked.

Although ICDs are relatively new devices on the 
market, most of the anticipated innovation in this 
fi eld involves advancements in the electronic com-
ponents, memory storage capabilities, and capacitor 
technology. These innovations are creating devices 
that are more automatic, store more data for clini-
cians, or are smaller or longer-lived.

The nuts and bolts of the ICD system

• Today’s ICD looks much like a pacemaker: a 
titanium-housed ‘can’ with a clear epoxy header 
with lead ports for lead connections. Like a 
pacemaker, it is a hermetically sealed device 
containing elaborate and sophisticated internal 
components.

• ICDs use lithium-vanadium batteries, similar to 
the lithium-iodine batteries used in pacemakers. 
These are reliable energy sources with 
predictable discharge curves.

• An ICD is able to deliver a charge larger than its 
battery voltage because it relies on a system of 
capacitors which hold a charge and then release 
it all at once when it is large enough.

• For an ICD, defi brillation is high-energy shock, 
while cardioversion is a low-energy shock.

• A single-chamber ICD offers single-chamber 
pacing capability, while a dual-chamber ICD 
offers dual-chamber pacing capability. The 
single-chamber and dual-chamber designations 
have nothing to do with the defi brillation 

capability.
• Early ICD leads were epicardial patch leads that 

required a thoracotomy in order that they could 
be sewn onto the exterior of the heart. Today’s 
defi brillation leads are transvenous leads that 
are not much bigger in diameter than bipolar 
pacing leads.

• Shocking energy travels – like all energy fl ow 
– around a circuit (that is, in a circular path). 
If the defi brillation lead has two coils, then 
the circuit is formed from the far distal or 
right ventricular (RV) coil to the slightly more 
proximal coil or superior vena cava (SVC) coil. 
In single-coil defi brillation leads, the current 
pathway is from RV coil to the device can.

• Nothing simplifi ed ICD implantation more 
than today’s transvenous leads, downsized 
devices (suitable for pectoral implant) and more 
automated device programming. In fact, today 
ICD implantation can be done on an outpatient 
basis instead of requiring open-chest surgery!
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Indications for ICD implantation

The American College of Cardiology and the Amer-
ican Heart Association together with the Heart 
Rhythm Society (formerly known as the North 
American Society of Pacing and Electrophysiology) 
have issued offi cial guidelines on ICD indications.1 
While these guidelines represent the consensus of 
medical opinion as to the use of ICDs, these guide-
lines are not legally binding on physicians. The 
Centers for Medicare and Medicaid Services (CMS) 
in the United States reach decisions on device cover-
age independently of these guidelines, which means 
that the consensus of medical opinion is not neces-
sarily the same as what is covered by health insur-
ance. The guidelines are best viewed in their proper 
context: they are guidelines reached by some of the 
leading experts in cardiac care. In actual practice, 
physicians must rely on their own clinical judg-
ment as to what is best for an individual patient. 
Insurance coverage may not be available for certain 
otherwise recommended or advisable procedures. 
However, the guidelines are frequently cited and 
carry considerable weight in political, legal, and fi -
nancial circles.

Guidelines use a class system for indications. A 
Class I indication is one for which the consensus of 
medical opinion holds that the treatment is benefi -

cial and useful. A Class III indication is one for which 
general agreement holds the treatment is not useful, 
not effective, and might even be harmful. Class II 
is divided into Class IIa (confl icting evidence as to 
benefi ts with weight of evidence fi nding the treat-
ment useful) and Class IIb (confl icting evidence as 
to benefi ts with weight of evidence fi nding the treat-
ment not useful). See Table 4.1.

In the past decade, numerous randomized clinical 
trials have explored the use of ICDs in new patient 
populations. The fi rst MADIT2 trial and MADIT 
II3 evaluated the use of ICDs in primary preven-
tion patients, that is, patients who did not have a 
conventional ICD indication and, in fact, had never 
had documented sustained ventricular tachycardia 
(VT). The idea behind MADIT and MADIT II was 
to evaluate the potential benefi ts, if any, of prophy-
lactic ICD implantation in patients who had not yet 
had an episode of sudden cardiac death (SCD). In the 
DEFINITE trial, ICDs were shown to reduce mortal-
ity in patients with nonischemic cardiomyopathy.4 
Both MADIT trials found that prophylactic ICDs 
signifi cantly reduced the risk of all-cause mortality 
in these primary prevention patients. Subsequent tri-
als, including SCD-HeFT,5 found that ICDs reduced 
all-cause mortality in primary prevention patients 

Class Defi ned as

I Evidence and/or general agreement that ICDs are benefi cial, useful and effective
IIa Conditions for which there is confl icting evidence and/or a divergence of opinion about the usefulness or effi cacy 

of a procedure or treatment, but where the weight of the evidence or opinion favors the usefulness and effi cacy 
of the procedure or treatment

IIb Conditions for which there is confl icting evidence and/or a divergence of opinion about the usefulness or effi cacy 
of a procedure or treatment, but where the weight of the evidence or opinion does not fi nd the procedure or 
treatment useful or effective

III Conditions for which there is evidence and/or general agreement that a procedure or treatment is not useful or 
effective and, in some cases, might even be harmful

Table 4.1 Indications by class
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signifi cantly compared with amiodarone (which did 
about as well as the placebo arm in this three-arm 
study). Numerous other studies have expanded our 
knowledge of who might benefi t from ICD therapy. 
However, even a large randomized clinical trial with 
signifi cant results does not necessarily result in an 
immediate change to offi cial guidelines and it can 
take even longer before results from a clinical trial 
translate into coverage decisions.

Randomized clinical trials have improved our un-
derstanding of how devices work and what patient 
populations might benefi t from ICD therapy, but it 
is important to view these results in context. Rarely 
is one study – even a very sound one – suffi cient to 
change clinical opinion. Each new study seems to 
open up more questions. While it is now clear that 
ICDs do reduce mortality rates in arrhythmia-rich 
primary prevention populations such as heart at-
tack survivors, new questions arise as to how to best 
quantify risk for individuals in the primary preven-
tion groups. Another serious question in this regard 
involves the cost-effectiveness of ICD therapy. Even 
if we knew that ICD therapy reduced mortality rates 
in a certain population, is the healthcare system 
prepared to pay for ICDs in such patients? Medi-
cal literature contains several proposals as to how 
we might best defi ne cost-effective ICD therapy, but 
there is no offi cial opinion as to what constitutes 
cost-effectiveness in ICD therapy.6–8

Class I indications

These are considered indications for which ICD im-
plantation is generally held to be a benefi cial, useful 
and effective treatment.
• Cardiac arrest due to VF or VT not due to a tran-

sient or reversible cause. These patients are the 
so-called ‘SCD survivors.’ If the arrhythmia was 
caused by something temporary (for instance, 
being struck by lightning) or something that 
could be reversed (for example, an electrolyte 
imbalance), then this indication does not count. 
The thinking behind this indication is that any 
patient who suffered a potentially life-threaten-
ing ventricular arrhythmia remains at risk for the 
arrhythmia to return, unless there are specifi c rea-
sons why it will not return.

• Spontaneous sustained VT in association with 
structural heart disease. The mere presence of 

VT is not an indication in and of itself. The VT 
must be sustained, that is, capable of lasting long 
enough to be dangerous to the patient, and the 
physician must understand the underlying physi-
cal mechanism that is supporting the ventricular 
arrhythmia. For many patients, this structural dis-
ease will be an arrhythmic substrate that could be 
identifi ed in an electrophysiological (EP) study. 
Spontaneous VT differs from induced VT, in that 
spontaneous VT arises on its own without any ex-
ternal provocation.

• Syncope of undetermined origin with clini-
cally relevant, hemodynamically signifi cant 
sustained VT or VF induced at EP study when 
drug therapy is ineffective, not tolerated or not 
preferred. Patients with this indication must have 
had an EP study during which the electrophysi-
ologist was able to induce not just VT or VF, but 
a ventricular arrhythmia that had hemodynamic 
and clinical consequences for the patient. If such 
patients experience episodes of syncope for un-
known reasons, physicians can then make a clini-
cal decision as to whether to treat this condition 
with drug therapy or a device. Note that for such 
patients, drugs are the fi rst approach. An ICD is 
only indicated when the patient is inducible to 
signifi cant VT/VF, has syncope of unknown ori-
gin, and drugs are not desired. While drugs are 
given fi rst preference, an ICD may be selected 
if the physician or patient prefers device-based 
treatment to drug therapy. Many ICD patients are 
on appropriate, concomitant drug treatments.

• Nonsustained VT in patients with coronary 
disease, prior MI, LV dysfunction, and induc-
ible VF or sustained VT at EP study that is not 
suppressible by a Class I antiarrhythmic drug. 
Nonsustained VT is a brief run of VT that termi-
nates spontaneously (less than 30 seconds). Such 
episodes are not uncommon in a wide range of 
patients, particularly those with other forms of 
heart disease, and do not necessarily indicate 
the use of an ICD. This particular indication ad-
dresses patients with known heart disease (as 
evidenced by a prior heart attack, left ventricular 
systolic dysfunction and coronary artery disease) 
who also had drug-refractory sustained VT or VF 
in an EP study. The drug typically used in such 
studies is procainamide, although other Class I 
antiarrhythmics meet the guidelines.
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• Spontaneous sustained VT in patients without 
structural heart disease not amenable to other 
treatments. This indication allows that patients 
with spontaneous runs of sustained VT might also 
benefi t from ICD therapy if they are not amenable 
to other treatment options, notably drug therapy.
These Class I indications encompass:

• SCD survivors;
• those with sustained VT (including those who 

have structural heart disease and those without 
structural heart disease who do not respond to 
other treatments);

• those inducible to sustained VT or VF in an EP 
study who have either;
•  unexplained syncope (and do not respond to or 

want to use drug therapy) or
•  episodes of nonsustained VT and coronary dis-

ease plus a prior heart attack and left ventricular 
dysfunction.

Class IIa

These are indications where there is some confl ict-
ing evidence or divergence of opinion, but where 
the weight of the opinion favors implantation of an 
ICD.
• Patients with a left ventricular ejection frac-

tion (LVEF) of less than or equal to 30% at least 
1 month post-myocardial infarction (MI) and 3 
months post-coronary artery revascularization 
surgery.
The LVEF is a commonly used index of systolic 

function. It basically refers to how much of the con-
tents of the left ventricle is ejected or pumped out 
into the body during one cardiac cycle, stated as a 
percentage. As a rule of thumb, an LVEF of around 
50% is normal. Many randomized clinical trials set 
an LVEF cut-off value of about 35% to describe left 
ventricular dysfunction. ICDs are indicated in pa-
tients with an LVEF of 30% or below providing they 
have had an MI and revascularization (usually at 
least 30 days previously). A person with a low LVEF 
score but no prior heart attack is not considered a 
Class IIa indication.

Class IIb

Class IIb indications include many categories of pa-
tients. For these groups, there is a divergence of opin-

ion as to whether or not ICDs should be implanted, 
but the weight of the evidence argues that ICDs are 
not useful, effective or benefi cial in these groups.
• Cardiac arrest presumed to be due to VF when 

EP testing is precluded by other medical condi-
tions. Patients in this category survive sudden 
cardiac arrest (SCA) but are not fi t to undergo EP 
testing which would conclusively prove that the 
SCA was caused by ventricular fi brillation (VF). 
It is possible that their SCA was caused by some-
thing other than VF.

• Severe symptoms (e.g. syncope) attributable to 
ventricular tachyarrhythmias in patients await-
ing cardiac transplantation. This population de-
scribes a relatively small subset of patients who 
are on the list to receive a donor heart. In such 
patients, even extremely symptomatic VT is not 
an ICD indication.

• Familial or inherited conditions with a high 
risk for life-threatening ventricular tachyar-
rhythmias such as long QT syndrome (LQTS) 
or hypertrophic cardiomyopathy. We are just 
beginning to learn about some inherited dis-
eases that put certain people at increased risk for 
ventricular arrhythmias, including LQTS, which 
typically appears in young people. As a Class IIb 
indication, the weight of the evidence holds that 
ICD implantation is not benefi cial or effective in 
these groups.

• Nonsustained VT with coronary artery disease, 
prior MI, left ventricular dysfunction, and in-
ducible sustained VT or VF in an EP study. Heart 
attack survivors with compromised left ventricu-
lar function who can be induced in an EP study 
to VT or VF are not considered to benefi t from 
ICD implantation even if they experience runs of 
nonsustained VT.

• Recurrent syncope of undetermined origin in 
the presence of ventricular dysfunction and in-
ducible ventricular arrhythmias in an EP study 
when other causes of syncope have been exclud-
ed. The weight of the evidence holds that patients 
who have compromised ventricular function, can 
be induced to VT or VF in an EP study and ex-
perience recurrent bouts of syncope (for which 
noncardiac causes have been ruled out) are con-
sidered not to benefi t from ICD therapy.

• Syncope of unexplained origin or family history 
of unexplained SCD in association with typical 
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or atypical right bundle-branch block and ST-
segment elevations (Brugada syndrome). We are 
just starting to learn about a condition known as 
Brugada syndrome. Although present all over the 
world, Brugada syndrome occurs most frequently 
in Asia and strikes young adults. Brugada syn-
drome is an inherited disorder that causes SCD, 
and is currently the subject of considerable clini-
cal investigation. At present, the weight of medical 
evidence fi nds that ICDs are not effective in this 
particular population.

• Syncope in patients with advanced structural 
heart disease in whom thorough invasive and 
noninvasive investigations have failed to defi ne 
a cause. One of the most confounding symptoms 
for clinicians is syncope, in that this potentially 
ominous symptom can trace back to a wide va-
riety of causes, some benign. Investigating un-
explained syncope can be diffi cult for clinicians, 
since this symptom may be impossible to recreate 
in the clinic or EP lab. The mere presence of syn-
cope – even if no cause can be ascertained – is not 
an ICD indication (see below, Class III). But even 
patients with severe structural heart disease are 
not considered to benefi t from ICD implantation 
if their syncope cannot be specifi cally traced to a 
cardiac cause.

Class III

The Class III indications include several patient 
populations for whom the consensus of medical 
opinion holds that ICD implantation is not benefi -
cial or effective.
• Syncope of undetermined cause in a patient with-

out inducible ventricular tachyarrhythmias and 
without structural heart disease. The mere pres-
ence of syncope for an unknown reason does not 
warrant ICD implantation if the patient is not in-
ducible in an EP study and has no other evidence of 
some form of structural heart disease.

• Incessant VT or VF. A chronic ventricular ar-
rhythmia is not an ICD indication. This form of 
tachyarrhythmia differs from spontaneous VT 
or VF which originates suddenly and can resolve 
spontaneously.

• VF or VT resulting from arrhythmias amenable 
to surgical or catheter ablation, for example, atri-
al arrhythmias associated with Wolff–Parkinson–

White (WPW) syndrome, right ventricular out-
fl ow tract VT, idiopathic left VT or fascicular VT. 
There are varieties of ventricular arrhythmias that 
respond better to ablation and for which medical 
opinion does not advocate the use of an ICD.

• Ventricular tachyarrhythmias due to a transient 
or reversible disorder (e.g. acute MI, electrolyte 
imbalance, drugs, or trauma) when correction of 
the disorder is considered feasible and likely to 
substantially reduce the risk of recurrent arrhyth-
mia. Ventricular arrhythmias, even those causing 
severe symptoms, may occur due to a temporary 
condition such as hyperkalemia (potassium over-
load) or right after a heart attack. Patients with 
such arrhythmias are not indicated for ICD im-
plantation if the condition can be reversed and 
that reversal will substantially reduce their risk of 
having the arrhythmia.

• Signifi cant psychiatric illnesses that may be ag-
gravated by device implantation or may preclude 
systematic follow-up. Even relatively stable pa-
tients may need some time to adjust psychologi-
cally to the presence of an implanted device that 
occasionally delivers high-energy shocks. Patients 
whose mental state would not allow them to cope 
with such a device or those who are unable to 
participate in their own therapy by appearing for 
regular follow-up appointments are considered 
inappropriate candidates for ICD treatment.

• Terminal illnesses with projected life expect-
ancy less than 6 months. Many physicians caring 
for terminally ill patients who had earlier ICD im-
plantations are now contending with the issue of 
when and under what conditions to disable the 
device. It is not appropriate to implant an ICD in 
a patient whose death is imminent.

• Patients with coronary artery disease with left 
ventricular dysfunction and prolonged QRS du-
ration in the absence of spontaneous or induc-
ible sustained or nonsustained VT who are un-
dergoing coronary bypass surgery. Even patients 
with other related cardiac conditions, such as cor-
onary artery disease, left ventricular dysfunction, 
and long QRS, are not considered candidates for 
ICD therapy if they cannot be induced to VT or 
VF in an EP study and have elected to submit to a 
coronary bypass graft.

• NYHA Class IV drug-refractory congestive 
heart failure patients who are not candidates 
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for cardiac transplantation. Class IV heart fail-
ure patients are the most severely symptomatic, 
in that their condition is defi ned as those patients 
with heart failure who experience heart failure 
symptoms (shortness of breath and fatigue) even 
at rest. While some heart failure patients are can-
didates for heart transplantation, many are not. 
But of these most severe heart failure patients, 
even the ones who are not otherwise eligible for a 
cardiac transplant, are not indicated for an ICD.

Indications review

ICD indications can be complicated because the in-
dications are expanding in the wake of a variety of 
recent major scientifi c studies and because symp-
toms and conditions of the various classes are very 
similar.

For example, cardiac arrest is a Class I indication 
if the physician is certain the event was caused by 
VT or VF, but it becomes a Class IIb indication when 
an EP test cannot be conducted to prove that VT or 
VF was at the root of the problem. Syncope may be 
present in Class I, Class II, or Class III indications. 
The only time syncope is involved in a Class I indica-
tion is when the patient is inducible in an EP study 
to VT or VF and drug therapy is ineffective, not well 
tolerated or not preferred. For patients without 
structural heart disease who are not inducible in an 
EP study, syncope – even of unknown cause – is a 
Class III indication.

Conditions we are just beginning to understand, 
such as LQTS and Brugada syndrome are considered 
Class IIb indications, but in actual clinical practice, 
it is possible to encounter such patients who have re-
ceived ICDs. Device implantation is always a matter 

of clinical judgment and the fact that a person may 
meet Class IIb rather than Class IIa conditions does 
not preclude the implantation of a device.
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The nuts and bolts of ICD indications

• The decision as to who gets an ICD and who 
does not involves numerous constituencies, 
including government entities (regulatory 
bodies), health services (government entities), 
private insurance companies, physicians 
and their patients. The ACC/AHA/NASPE 
guidelines, last revised in 2000, are considered 
to represent leading medical opinion. However, 
these guidelines do not assure coverage for 
therapies and are not legally binding on 
physicians.

• The guidelines describe indications as Class 
I (consensus of medical opinion fi nds ICDs 
would be benefi cial, useful, and effective) and 
Class III (consensus fi nds that ICDs would 
not be benefi cial, useful, or effective). Class II 
involves a divergence of opinion with Class IIa 
favoring an ICD and Class IIb favoring no ICD.

• The existence of so many Class IIa and IIb 
device indications shows that, even among 
learned physicians, it is not entirely clear which 
patient populations will and will not benefi t 
from ICD implantation.

• Randomized clinical trials have been expanding 
potential patient populations who have been 
clinically proven to benefi t from ICD therapy. 
There can be a time lag between the conclusion 
of a large randomized clinical trial, its 
appearance in print, and the time taken for its 
fi ndings to make their way to offi cial guidelines. 
It usually takes even longer for such fi ndings 
and guidelines to change coverage decisions. 
Since electrophysiologists enjoy the reputation 
of being ‘early adopters,’ it is often possible that 
physicians working with ICDs have already 
changed their clinical practice in response to 
new evidence before offi cial coverage decisions 
are reached.

• Recent clinical trials have found that ICDs can 

reduce the risk of death in primary prevention 
populations.

• While incessant VT or VF is a Class III 
indication, spontaneous sustained VT in the 
presence of structural heart disease is a Class I 
indication.

• Cardiac arrest due to VT or VF is a Class I 
indication, but it is Class IIb if an EP study 
cannot be conducted to ascertain that VT or VF 
was indeed at the root.

• Ventricular arrhythmias, even if severe, are not 
indications for a device if they are caused by 
temporary conditions or things that might be 
corrected, such as drug use, acute myocardial 
infarction, or electrolyte imbalances.

• Syncope is a Class I indication only if the patient 
can be induced to signifi cant VT or VF in an EP 
study and drugs are not the desired treatment 
modality. If the cause of syncope cannot be 
ascertained conclusively (either because it was 
not possible to do an EP study or because the 
EP study was negative), then it is a Class IIb 
indication if the patient also has structural heart 
disease. If that patient does not have structural 
heart disease, then it would be a Class III 
indication.

• Heart attack survivors with an LVEF less than or 
equal to 30% are now a Class IIa indication.

• Brugada syndrome and long QT syndrome are 
Class IIb indications.

• Patients expected to die imminently, those 
awaiting heart transplant, drug-refractory Class 
IV heart failure patients, and those with serious 
psychiatric disorders are not indicated for ICDs.

• The decision to implant a device is always a 
matter of clinical judgment on the part of the 
physician and many factors come into play. The 
guidelines are exactly that – guidelines rather 
than strict rules.
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Implant procedures

There is probably no better example of how tech-
nology has improved patient safety, reduced costs, 
and streamlined clinical procedures in cardiac 
rhythm management than in the area of  ICD im-
plantation. In 1985, the fi rst ICDs were implanted 
using a thoracotomy (open-chest procedure) which 
required epicardial patch leads to be sewn onto the 
heart and the other end of the lead to be ‘tunneled’ 
to the device, which was so large it had to be placed 
in the abdomen. In 1993, transvenous defi brillation 
leads did away with the thoracotomy and allowed 
devices to be implanted in less invasive procedures. 
Today, the use of relatively small diameter defi bril-
lation leads, radically downsized ICDs, and faster, 
more intuitive device testing has made it possible 
to implant an ICD almost as easily as a pacemaker. 
In 1985, an ICD implantation would take many 
hours and keep the patient hospitalized for a week 
or more. Today, ICD implantation is routinely done 
on an outpatient basis and when hospitalization is 
required it rarely involves more than an overnight 
stay.

Prior to implant

The very fi rst stages of preparation for ICD im-
plantation involve discussing the procedure and 
ICD therapy with the patient and family members. 
Despite the wealth of medical information avail-
able today, many patients will have misconceptions 
about device therapy or not have any idea what to 
expect.

The patient’s medical history and diagnosis 
should be reviewed, along with results from any 
electrophysiologic (EP) studies. If the patient is tak-
ing some sort of anticoagulant, including aspirin 
therapy, this should be discontinued prior to the 
implant procedure to prevent complications from 
bleeding. Lab tests, including bleeding times, should 

be assessed before the procedure to be sure that it is 
safe for the patient to undergo surgery. A routine 
chest X-ray, 12-lead ECG, and echocardiogram to 
assess left ventricular ejection fraction (LVEF) and 
valve status are also needed before surgery.

The physician should inspect the site that is being 
considered for implantation. In general, the left pec-
toral region is used, mainly because venous access is 
easier from this side. If the patient is left-handed or 
if there is some other reason for not using the left 
side, then the right pectoral region can be used.

Preparation for implant

In clinical practice, it is possible to observe ICD im-
plantations in a wide variety of locations, including 
a fully equipped operating room (OR), a cardiac 
catheterization lab (CCL) or an electrophysiology 
lab (EPL). The hospital will determine where the 
procedure is to take place based on its own insti-
tutional guidelines and policies. More crucial than 
the place where the procedure takes place is the fact 
that the patient needs to be able to be moved into 
the Trendelenburg position in which the lower half 
of the body is elevated. In some cases, the physi-
cian may prefer to prop up the patient’s legs with a 
wedge-shaped pillow. The Trendelenburg position 
is generally more comfortable for the patient and 
it encourages blood fl ow to the upper half of the 
body, plumping the cephalic and subclavian veins 
for easier venous access.

Emergency equipment (crash cart) should be 
available along with emergency medications. The 
room should be equipped with standard equipment, 
including an X-ray or fl uoroscope, oxygen, suction, 
surgical instruments, and an appropriate sterile fi eld.

For ICD implantation, the team will also need 
the ICD device and leads, plus back-up products 
(in the unusual event that there is something 
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wrong with the fi rst device). It is good policy to 
have at least one back-up for every sterile item, 
since unforeseen events can and do happen. A pro-
grammer with wand should also be available, with 
the wand placed in a sterile plastic pouch for use 
during the procedure. (It is not possible to sterilize 
the programmer, so putting the wand into a sterile 
bag and only allowing that portion of the system 
into the sterile fi eld is the standard procedure.) A 
pacing system analyzer (PSA) should also be avail-
able along with the appropriate cables. Although 
they are not commonly used, it is good practice 
to bring along adapters, wrenches, plastic tools, or 
other small accessories.

The team

Implanting an ICD may be close to becoming ‘rou-
tine surgery,’ but it still takes a team of qualifi ed and 
experienced clinicians to make it look easy. The im-
planting physician is typically an electrophysiologist 
or a surgeon. A nurse or anesthesiologist is included, 
who typically provides conscious sedation and a 
local anesthetic. In some cases, general anesthesia 
may be required. There is usually a scrub nurse and 
a circulating nurse available, as well as a representa-
tive from the manufacturer. In some facilities, there 
may be other clinicians as well, including a fl uoros-
copy technician.

The role of the manufacturer’s representative in 
such procedures has long been familiar and appre-
ciated by the clinical staff, but may be confusing or 
unexpected for the patient. Many facilities today 
require hospital offi cials to disclose the presence of 
the representative to the patient, who, in turn, may 
question this practice. The representative’s role is 
to act as the offi cial ‘authority’ on the device, leads, 
programmers and other equipment provided by 
their company. Representatives do not act as medi-
cal advisors, but may be needed to answer questions 
about device function and provide information (for 
example, if an adapter is required or if the patient’s 
anatomy might preclude the use of a particular 
model of product). Device company representatives 
and the clinical staff work closely during all phases 
of care of ICD therapy, including implantation.

The representative may be asked to prepare the 
device for implantation. This involves a series of 
very easy but very important steps. First, the device 

should be interrogated while it is still in the box to 
confi rm that it is off (that is, will not be able to deliv-
er therapy and possibly shock the implanters) and 
that battery voltage is appropriate for a new device 
fresh out of the box. Devices with an expired ‘use-
before date’ may not have the same amount of ini-
tial battery energy as a new device. (The ‘use-before 
date’ appears on the outer box of the ICD and rep-
resents the amount of shelf-life a device has before 
housekeeping current drain – that is, the amount of 
energy needed to maintain the device even when it 
is not activated – impacts the battery life. An expired 
‘use-before date’ does not mean that the device is 
no longer sterile or will not work. It just does not 
have the full measure of battery life that a newer de-
vice would have, which may adversely impact device 
longevity. There are cases when it may be appropri-
ate to implant such a device.)

The next step involves a simple capacitor mainte-
nance charge. This allows the device to ‘charge up’ as 
if it were about to deliver therapy. During this test, 
the representative or technician should confi rm the 
charge time, which should be within the specifi ca-
tions set forth by the manufacturer for a new device. 
Typically, this initial charge time should be 15 sec-
onds or faster.

Using the programmer, the representative will 
program some initial parameters for the device to 
make it easier and quicker to implant. Bradycardia 
parameters (that is, pacing) should be enabled or 
programmed on, because real-time measurements 
will only be accessible when this is activated. DFT 
testing (described later) may be required after im-
plantation and it may be expedient to program the 
type of DFT test desired at this point. If the repre-
sentative does not know what the implanting phy-
sician might want or if the implanting physician 
changes their mind later on, the type of DFT test 
can be reprogrammed relatively easily. During this 
programming step, it is crucial that the tachycardia 
parameters of the device are not programmed on, 
since implanting a ‘live’ device exposes the physician 
and implanting team to a risk of shock.

Many ICDs allow for patient information to be 
programmed into the device itself using the pro-
grammer. If the representative has time at this point, 
the patient’s name and any pertinent information 
(lead model numbers, date, and so on) can be entered 
into the device. During follow-up, the patient’s name 
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will automatically print out on programmer print-
outs and other reports if it is entered into the device.

Venous access

Just like implanting a pacemaker, the fi rst surgical 
step in the procedure involves identifying and ac-
cessing a vein for lead insertion. Successful ICD im-
planters use the internal or external jugular veins, the 
subclavian vein, the axillary vein, and the cephalic 
vein. The vein chosen by the implanting physician 
will depend largely on physician preference and the 
patient’s anatomy. Most physicians use the cephalic 
or subclavian vein. When the cephalic vein is used, 
it is typical to use the ‘cut-down approach,’ that is, 
to identify, lift up, and then excise the vein. The sub-
clavian vein can be accessed using the ‘subclavian 
stick’ in which a needle is used to puncture or ‘stick’ 
the subclavian vein. While both are commonly used 
and known to be safe and effective, there is probably 
a clinician preference, overall, for the cephalic cut-
down technique (see Fig. 5.1).

A sheath or introducer is then inserted into the 
vein to allow for easy passage of the leads. The small-
est possible diameter introducer should be used, 
since very wide diameter introducers may increase 
implant trauma, damage the vein, or cause back-
bleeding or other complications.

The implanting physician will also create a pocket 
in the pectoral region large enough to accommo-
date the device snugly.

A defi brillation or tachycardia lead is inserted 
into the right ventricle. This is a very versatile lead 
in that it is capable of providing ventricular pacing, 
ventricular sensing, and high-energy defi brillation 
to the heart. This lead is inserted into the right ven-
tricle and fi xated in or near the ventricular apex.

A single-chamber ICD may require only one 
lead. Dual-chamber devices also require a lead to be 
placed in the right atrial appendage. This lead often 
has a preformed characteristic J-shape which aids 
in proper lead placement. Once properly located 
in the right atrial region, the lead is fi xated to the 
atrium, often using an active fi xation mechanism 
(corkscrew or helix mechanism).

Leads are guided through the introducer under 
fl uoroscopic observation and fi xated to the right 
ventricle or right atrial appendage. Once they are 
fi xated inside the heart (using either passive fi xation 
mechanisms such as tines or barbs or active fi xa-
tion corkscrews) and get good values, the proximal 
end of the leads are plugged into the ports of the 
defi brillator. Depending on the type of device, the 
lead may be held in place by a set-screw or other 
mechanism designed to hold the lead fi rmly in the 
generator’s clear epoxy header.

Lead testing

While the lead may appear to be placed appropriately, 
the implanting physician must check its performance 
in a series of tests. If the leads do not function as well as 
expected, moving or changing their position may be 
required. In many device procedures, it is not unusual 
to relocate the leads (even more than once) to fi nd the 
best possible values. Using the small, hand-held pac-
ing system analyzer or the programmer, the fi rst test 
should involve assessing the P-wave and R-wave and 
checking lead impedance values. The R-wave, that is, 
the intrinsic ventricular signal, should be 5 mV or 
greater. The P-wave or intrinsic atrial signal should 
be 2 mV or greater (see Fig. 5.2).

Next, it is important to confi rm that the pacing 
leads can capture or consistently and reliably depo-
larize the heart. A capture test should be performed 
for both chambers to obtain suitable values. Again, 
this corresponds to what is done during pacemaker 
implantation (see Fig. 5.3).

Real-time measurements should also be obtained 
to verify that all parameter settings are as anticipated.

Internal Jugular

External Jugular Subclavian

AxillaryCephalic

Fig. 5.1 Venous anatomy. Although it is possible to implant 
defi brillation leads using any number of veins, the cephalic 
and subclavian are the most commonly used vessels.
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Note that if the implanting physician feels that 
better values can be obtained by repositioning the 
leads, he or she will move the leads and re-test. This 
is not unusual in this sort of procedure and can con-
tribute to better long-term device function.

Device-based testing (DBT)

Testing the pacing performance and pacing lead pa-
rameters of an ICD is relatively easy and straightfor-
ward. But it may also be important to test the defi bril-
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lation or shocking capability of the device, and this 
portion of the implant procedure is more challeng-
ing. Some ICDs allow for portions of the defi brilla-
tion testing to be automated, but this can be overrid-
den so that a manually controlled test is conducted. 
Device-based testing (DBT) refers to the fact that the 
ICD itself contains features which allow it to self-test 
for defi brillation effi cacy. During DBT, pacing output 
parameters (pulse amplitude and pulse width) are 
ramped up temporarily to maximum settings (7.5 V 
at 1.9 ms).

To conduct DBT, telemetry must be established 
using the programmer wand. If the wand is removed 
or telemetry is otherwise interrupted, the DBT pro-
cedure automatically terminates and the device re-
verts to previously programmed settings.

The fi rst step in DBT is obtaining the impedance 
values for the defi brillation lead, sometimes called 
the high-voltage lead integrity check (HVLIC) (see 
Fig. 5.4). In this test, the ICD delivers a 12 J shock to 
the patient’s heart through the defi brillation lead, 
synchronous to the heart’s intrinsic activity. After 
the test, the programmer will report the lead im-
pedance value, which should be appropriate for the 

particular system according to the manufacturer’s 
specifi cations.

Although this self-test uses a relatively low 12 J 
shock, this is still something most patients fi nd un-
comfortable or even painful. For that reason, it may 
be important to warn the consciously sedated pa-
tient of an impending shock and to reassure them 
afterwards.

If impedance values are out of range, it indicates 
that there is a problem with the lead and its abil-
ity to deliver life-saving therapy. Impedance values 
that are too high suggest that the lead is not secured 
properly in the clear epoxy header or that the lead’s 
conductor coil is broken or damaged. Imped-
ance values that are too low suggest that the lead’s 
outer insulation layer has been nicked or otherwise 
damaged.

If the impedance values are out of range and can-
not be corrected (for example, by tightening the set-
screws to hold the lead in place), the lead should be 
replaced. Further device testing should not proceed 
until high-voltage lead integrity is confi rmed.

Before testing the device, it is important to pro-
gram the tachycardia parameter settings. While these 

Check HV Lead
Integrity

View
Trends

Mesasurements will deliver a single synchronous 12.0 V
stimulus across the specified electrodes.

Electrode test
Configuration:

Check HV Lead
Impedance:

TrendsReal-Time
Measurements

HV Lead
Integrity

RV to
SVC/Can

40 Ω

Fig. 5.4 High-voltage lead integrity check. The programmer reports that the result of this test is an impedance value of 
40 Ohms, which falls well within range. Out of range impedance values suggest a problem with the lead.

Electrode Test 
Confi guration:

Measurements will deliver a single synchronous 12.0 V
stimulus across the specifi ed electrodes.
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are subject to review and revision, the basic param-
eter settings should be adjusted at this point. Most 
ICDs recommend certain nominal values which are 
effective in the majority of patients. These default 
settings are generally acceptable ‘starting points’ at 
this time.

Defi brillation threshold testing

The defi brillation threshold (DFT) is the minimum 
amount of energy required to reliably defi brillate 
the heart when it is experiencing a potentially life-
threatening ventricular arrhythmia. Knowing the 
patient’s DFT allows the physician and other clini-
cians to be sure that the ICD is programmed to de-
liver suffi ciently high-energy shocks to defi brillate 
the heart.

In some cases, the implanting physician may 
opt to forego DFT testing because it is painful, 
time-consuming, and consumes battery energy. 
If the implanting physician intends to program 
the device to maximum output anyway, DFT test-
ing (which would allow programming less than 
maximum output values) may not be worth the 
effort. Furthermore, many patients are likely to be 
shocked only rarely and then for serious situations. 
For such patients, programming maximum ener-
gy therapy is appropriate, and DFT testing is not 
necessary. Increasingly, DFT testing is omitted at 
implant. However, when performed, DFT testing 
can help physicians optimize the output settings 
of the device.

The goal of any DFT test is fi rst to induce an ar-
rhythmia and then to allow the device to shock the 
patient and convert the rhythm. If DFT testing is to 
be conducted, the anesthesiologist should be advised 
to administer deeper sedation, since this portion of 
the procedure is defi nitely considered painful. The 
entire team should be readied. At the programmer, 
it may be necessary to select options for DFT testing, 
since many devices offer a variety of ways to do this 
sort of testing.

Inducing the arrhythmia can be done through 
the device using a direct current shock (such as DC 
Fibber or other feature), a shock-on-T, or through 
burst stimulation. A direct current shock uses about 
8 V of direct current delivered to the heart through 
the defi brillation lead. This is known to be a reli-
able way to induce fi brillation. Some physicians may 

prefer burst pacing, during which short-cycle bursts 
are delivered to the heart synchronously to the next 
sensed event or when the next pacing interval times 
out. This method is more similar to some EP in-
duction methods relying on burst stimulation. The 
burst stimulation method delivers bursts through 
the pacing lead and is the only induction method 
available for atrial induction. (Although it is not 
common practice to induce atrial fi brillation dur-
ing DFT testing, there may be occasions when atrial 
induction is required.) The shock-on-T mode over-
drives the ventricle for 12 stimuli and then delivers 
a carefully timed high-energy shock.

The method of induction depends largely on 
physician preference as well as individual consid-
erations for the particular patient.

Once fi brillation is induced, the device delivers 
high-energy therapy, and the patient is monitored 
to verify defi brillation. Since this is a testing phase, 
it is quite possible that defi brillation will not occur. 
For that reason, the implant team should be pre-
pared before testing starts to deliver a rescue shock 
in the event of an unsuccessful therapy. If multiple 
shocks are required during DFT testing, the patient 
should be allowed to rest and recover for about 5 
minutes between tests.

Most ICDs allow for semi-automatic DFT test-
ing in that once fi brillation is induced, the device 
automatically relies on the programmed settings 
to detect the arrhythmia, diagnose it, and deliver 
therapy (see Fig. 5.5). After the shock is delivered, 
the intracardiac electrogram should be monitored 
to verify that:
• There was appropriate sensing during the epi-

sode.
• There was appropriate detection of the episode.
• The arrhythmia was converted.
• The delivered energy is known.
• Shocking impedance values are in range.
• Charge time (that is, amount of time between di-

agnosis and therapy) is acceptable; charge times 
should be at their quickest in a new device.
Of utmost concern in DBT is patient safety. A 

rescue shock must be administered promptly if the 
patient remains in fi brillation.

Unlike capture or sensing threshold tests which 
use a step-down procedure, DFT tests should not 
be unnecessarily repeated. If a patient can be suc-
cessfully defi brillated at a relatively low shocking 
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energy value, then the physician may terminate the 
test at that point and not bother to search for an 
even lower threshold value. There is no universal 
formula for selecting a defi brillation safety margin. 
Programmed output settings are based on the clini-
cal experience of the physician. Most devices allow 
for programming different therapy deliveries, so a 
patient with a 5 J threshold may be programmed 
to receive a fi rst shock at 10 J (which would be a 2:1 
safety margin), a second at 15 J and a third at maxi-
mum energy. However, a patient with a 10 J thresh-
old may be programmed to receive a fi rst shock at 
15 J (5 J safety margin, less than 2:1), a second at 20 
J and a third at maximum energy.

High DFTs

Of particular concern during DBT is the patient 
who has a high DFT at implant. Although there is 
no formal defi nition of ‘high DFT,’ as a general rule 

it is considered to be any DFT which is within 10 J 
of the device’s maximum delivered energy output. 
For example, if a manufacturer states that a device 
has a maximum delivered output of 30 J, then a 20 
J or higher threshold value is considered high. Ob-
viously, in such patients, maximum energy shocks 
are to be programmed, but will they be enough to 
defi brillate the heart?

Fortunately, there are a few strategies that can 
be undertaken during DBT to make defi brillation 
therapy more effective.

One approach is to try a different lead placement, 
since moving the lead even slightly may reduce the 
patient’s DFT. For some patients, a more elaborate 
type of lead such as a subcutaneous patch lead or 
Array-type lead may be required. But before new 
hardware is introduced to the patient, some other 
options should be tested, if available. These include 
changing the tilt value and changing the shocking 
vector (reversing polarity).
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Fig. 5.5 Induction and defi brillation testing. In this example, the patient is successfully induced to ventricular fi brillation 
(second strip), the device delivers high-energy therapy (third strip), and the patient’s sinus rhythm is restored (end of third 
strip).
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Tilt
It was discovered years ago that when high-energy 
therapy was delivered in a biphasic waveform, 
it was more effective at defi brillating the heart 
than the so-called monophasic waveform.1 A 
monophasic waveform is defi ned as a shock wave-
form delivered in one polarity, that is, traveling 
only in one direction with respect to the baseline 
(see Fig. 5.6).

A biphasic waveform typically uses less energy to 
defi brillate the heart than a monophasic waveform.2 
A biphasic waveform consists of two phases, with 
the fi rst phase positive, that is, traveling upward 
from the baseline, and the second phase negative. 
The second phase is always shorter than or equal 
to the fi rst phase; the second phase is never longer 
than the fi rst.

It is unclear as to why biphasic waveforms are so 
effective.3 One theory holds that the fi rst phase dis-
torts cell membrane molecules, disturbs ion chan-
nels, and leads to continued arrhythmias while the 
second phase restores cell membrane molecules, 
leaves the ion channels relatively intact, and ter-
minates arrhythmias. While some older devices re-
lied on the monophasic waveform, today, virtually 
all ICDs rely on a biphasic waveform. However, to 
understand the function of tilt – which may be a 
programmable option to improve defi brillation ef-
fi cacy – it is important to understand the defi bril-
lating waveform.

Tilt is defi ned as the percentage drop in voltage 
on the capacitor from the beginning to the end of 
each phase over the course of one entire pulse. Based 
on the waveform, the formula for tilt is (V1–V2)/V1 
× 100% where V1 is the leading edge and V2 is the 
trailing edge (see Fig. 5.7).

One study has shown that the most effective tilt 
values for defi brillating the heart are values between 
40% and 65%.4 This may seem counterintuitive, 

since a higher tilt corresponds to greater delivered 
energy. However, it is known that a tilt of 65% is more 
effective at defi brillating the heart than a tilt value 
of 80%. But how can clinicians regulate tilt? When 
it comes to energy delivery, ICDs use either a fi xed 
tilt system or a fi xed pulse width system. A fi xed tilt 
system keeps an effective tilt value and delivers the 
amount of energy programmed, but varies the pulse 
width as needed to accomplish that goal. Thus, the 
tilt is fi xed, the energy is set, and then based on the 
impedance values, the ICD automatically changes 
the pulse width to assure the right amount of pro-
grammed energy. This system is used by Medtronic, 
Guidant, and St Jude Medical.

However, St Jude Medical and earlier Ventritex 
systems also allow the clinician to select a fi xed pulse 
width system. In such cases, the pulse width is set to 
a fi xed value and the shock energy is programmed 
in volts. Based on the impedance value, the device 
changes the tilt setting to assure the proper output. 

Fig. 5.7 Biphasic waveform with tilt formula. Tilt is defi ned 
as the percentage voltage drop between the leading edge 
and trailing edge of the waveform. This can be calculated 
as (V1 – V2)/V1 × 100%.

Monophasic Biphasic

Fig. 5.6 Monophasic and biphasic 
waveforms. For reasons that are not 
entirely clear, a monophasic waveform 
of defi brillation energy is less effective 
at defi brillating the heart than the 
biphasic waveform.

phase 1 Pulse Width

phase 2

V1

V2

Tilt = V1-V2/V1 x 100Tilt = V1 – V2/V1 × 100
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While a fi xed tilt setting is the more common, is 
available in virtually all ICDs today (and is the de-
fault setting of St Jude Medical devices), it may be 
possible that other devices allow for the program-
mable option of fi xed pulse width. In such cases, the 
fi xed pulse width confi guration may provide more 
effective defi brillation. At any rate, it is defi nitely an 
option worth testing in the event that high DFTs are 
encountered at implant.

Changing the shocking vector and 
reversing polarity
The shocking vector defi nes the pathway that de-
fi brillating energy takes through the heart. When 
a shock is delivered to the heart, the energy must 
form a circuit from positive pole to negative pole. 
In conventional defi brillation leads with two coils, 
there is a coil at the distal end of the right ventricular 
lead (RV coil) and there is another more proximal 
coil near the superior vena cava (SVC coil). A shock 
can make its circuit between RV and SVC coils, al-
lowing for a relatively tight pathway. In such a case, 
the RV coil is the positive pole, the SVC coil is the 
negative pole.

For reasons not entirely clear to scientists, chang-
ing the pathway of the current through the heart can 
make defi brillation energy more effective. In such 
cases, the shocking vector can be reprogrammed 
so that the energy fl ows from the RV coil (posi-
tive pole) to the device can itself (negative pole). 
By programming RV-to-can polarity, the shocking 
vector shifts and widens. This programmable step 
effectively eliminates the second SVC coil as a pole. 
This feature is not available in all ICDs, but when 
it is available, it should be utilized when conduct-
ing DBT on patients with high DFTs. It may be that 
defi brillation effi cacy can be improved without the 
need to increase energy values.

In devices with programmable shocking vectors, 
the RV coil is typically the positive pole of the cir-
cuit (default setting). Programmable polarity allows 
the clinician to reverse polarity by making the RV 
coil negative and the SVC coil or the can the positive 
pole. This change may improve defi brillation effi -
cacy without the need for increasing energy.

The use of these features is limited to those unu-
sual cases when the patient has a high DFT at im-
plant and the clinical team is trying to fi nd ways to 
enhance therapy delivery.

Concluding the implant procedure

Once the implanting physician is satisfi ed that the 
therapy output parameters are appropriate, the im-
plant is nearly over. The physician will place the ICD 
generator into the pocket and close it up.

The device parameters should be programmed 
to the appropriate detection, diagnostic, and ther-
apy settings. Bradycardia parameters should be 
programmed as well. If the patient does not need 
regular pacing support, it is wise to program very 
conservative pacing settings. However, if the pa-
tient requires pacing, then the appropriate settings 
should be programmed, including hysteresis, rate 
response, and mode switching, if available. Once 
the device is programmed, print out a copy of the 
programmed settings and measured data for the pa-
tient’s fi le. Some physicians have found it useful to 
print out an extra copy of programmed parameters 
to give to the patient; the patient can then keep them 
and pass them along to his or her other doctors or 
present them to emergency room staff in the event 
the patient requires interim emergency care.

Paperwork should conclude the procedure, in-
cluding registering the device and making sure to 
reserve the patient a copy of his or her temporary 
ID card and patient manual.

Postoperative care

After the implantation, an ECG should be obtained 
showing appropriate pacing behavior. A chest X-
ray should also be taken post-implant to be used 
as a baseline for lead placement, in the event that 
the patient experiences lead complications in the 
future. In addition, the chest X-ray can verify that 
the patient is not experiencing any lung problems, 
pneumothorax, fl uid overload, or other potentially 
dangerous conditions.

The patient will presumably be prescribed a 
course of antibiotics for the recovery period. A fol-
low-up appointment should be made and, if appro-
priate, the patient can be given patient literature and 
contact numbers as well as advice as to what to do in 
the event of therapy delivery.
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• ICDs once required a thoracotomy and a 
hospital stay of several days; today, most systems 
can be implanted on an outpatient basis in a 
couple of hours. Transvenous leads and smaller 
pectoral ICDs in the 1990s made this possible. 
Today, ICDs are most often implanted in an 
operating room, cardiac catheterization lab or 
EP lab.

• ICDs are generally implanted in the upper left 
pectoral region unless there are compelling 
reasons (such as a left-handed patient) to use 
the right region.

• An ICD implant team involves an implanting 
physician (usually an electrophysiologist or a 
surgeon), a healthcare professional in charge of 
anesthesia, a scrub nurse, a circulating nurse, 
and a representative of the company that 
manufactures the device.

• A capacitor maintenance charge should be 
performed prior to implantation to verify that 
the device is working according to specifi cations.

• Devices should be implanted before their ‘use-
before’ date on the label. Once the date passes, 
the device may not have the same longevity as 
a newer device. The reason for this is that there 
is some battery current drain even on a device 
sitting on a shelf (housekeeping current).

• Today, most ICD implants are done under 
conscious sedation but a general anesthesia may 
be used in some cases.

• The implanting physician makes a pocket 
and accesses a vein for inserting the leads in 
much the same way as is done for pacemaker 
implantation. The most common venous 
access is subclavian stick or cephalic cut-down. 
However, other veins may be used depending 
on the patient’s anatomy and the physician’s 

The nuts and bolts of ICD implant procedures

surgical judgment.
• After leads are placed in the heart, they must 

be tested for P-waves and R-waves (that is, their 
ability to sense intrinsic activity). Capture and 
sensing tests should be performed for pacing.

• A high-voltage lead integrity check should be 
performed. This delivers a moderately high-
voltage therapy to the heart and verifi es that the 
shocking lead is functioning properly.

• Device-based testing (DBT) uses the device to 
be implanted to help perform defi brillation 
threshold (DFT) testing to verify that the device 
will terminate tachyarrhythmias.

• The programmer cannot be sterilized, so place 
the telemetry wand in a sterile plastic pouch to 
introduce it into the sterile fi eld.

• Lead impedance values are not programmable 
but should be carefully checked. If lead 
impedance values are out of range, it indicates 
a serious problem with the leads (such as faulty 
connection, dislodgement, fractured coil, or 
damaged insulation).

• The DFT defi nes the lowest amount of energy 
required to defi brillate the heart. DFT testing 
may be performed at implant, but is not always 
done if the implanting physician decides to 
program the device automatically to maximum 
settings or feels it is otherwise not warranted.

• If DFT testing is done, fi brillation is induced 
and then the device tries to terminate it. The 
device can be used to induce fi brillation (shock-
on-T, direct current shocks, programmed 
stimulation options) and equipment and team 
should be ready to rescue the patient in the 
event the device does not defi brillate the patient.

• During DFT testing, the team should verify 
that the device sensed, detected, and diagnosed 

Continued p.36.
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properly during the episode, that the shock 
was delivered in a reasonable charge time at an 
appropriate energy and that it defi brillated the 
heart. The shocking impedance should also be 
verifi ed.

• There is no standard formula for safety margin 
for programming shocking energy values 
based on a DFT. Most device experts use their 
best judgment, based on the patient’s DFT, 
the device’s capabilities, and how it is going to 
be programmed. Some physicians will opt to 
program the device to maximum energy in the 
fi rst shock; in such cases, DFT testing (which 
typically regulates less than maximal shocks) 
may be superfl uous.

• High DFTs are defi ned as those within 10 J of 
the maximum delivered energy of the device, 
in other words, DFTs around 20 J. For patients 
with high DFTs, changing the lead placement, 

reversing shocking polarity, changing shocking 
vectors, changing tilt, or even using different 
lead equipment may make defi brillation more 
effective, even without increasing actual energy 
output.

• Tilt is defi ned as the percentage drop in voltage 
on the capacitor from the leading edge to the 
trailing edge of each phase of the biphasic 
waveform. Although it seems counterintuitive, 
the most effective tilt settings are 40–65% rather 
than higher values.

• After the procedure, be sure to give the patient 
his or her temporary ID card, the patient 
manual, and specifi c instructions or contact 
numbers as to what to do in the event of therapy 
delivery. Some clinics print out an extra copy 
of the device’s programmed parameters for the 
patient to take to his or her next physician, in 
the event that interim care is required.

Continued.
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Sensing

Sensing in implantable pacemakers and defi brilla-
tors refers to the device’s ability to pick up intrinsic 
signals from the heart and interpret them properly, 
in such a way that allows the device to respond ap-
propriately. A pacemaker (or the pacemaker func-
tion within a defi brillator) that detects a properly 
timed, intrinsic ventricular depolarization receives 
that information, recognizes it as a sensed ventricu-
lar event and, on the basis of that information, with-
holds a ventricular output pulse. Clinicians experi-
enced in pacemaker therapy are used to sensitivity 
settings programmed as fi xed values.

ICD sensing created a challenge for both clini-
cians and engineers because there is a wide varia-
tion in the size of signals the average patient might 
experience. While a normal ventricular signal might 
be fairly large and stable, ventricular tachyarrhyth-
mias, in particular ventricular fi brillation (VF), are 
often characterized by relatively low amplitude ven-
tricular signals. Thus, an ICD has to be especially 
sensitive or it risks missing sensing those signals. Yet 
if sensitivity was set in such a way that such small 
amplitude signals could be reliably recognized by 
the ICD, there is a good chance that other low am-
plitude signals – such as T-waves, far-fi eld signals, 
and myopotentials – would also get detected.

When it comes to sensing, a device needs to be 
sensitive enough to pick up those signals it needs to 
recognize. If it is not sensitive enough, those signals 
will get missed and the device will not respond. This 
phenomenon is called ‘undersensing,’ and a good 
way to think of it is that for bradycardia therapy, 
undersensing = overpacing. When a device under-
senses, most systems will end up pacing inappro-
priately.

On the other hand, a device can be set in such a 
way that it is sensitive enough to pick up the signals 
it needs to recognize, but it may be so sensitive that 
it picks up a lot of other noise as well. This phenom-

enon is called ‘oversensing’ and it leads to underpac-
ing, that is, the system will be inhibited more than it 
ought to be because it is seeing inappropriate signals 
and counting them as appropriate signals.

There was probably no greater technological 
hurdle in merging pacing function to defi brillation 
than fi guring out how to manage sensing. Pace-
makers need to sense reliably in order to pace ap-
propriately, but sensing in the presence of variable-
amplitude tachyarrhythmic signals was compli-
cated. That challenge was met with sophisticated 
sensing algorithms for ICDs which allow for auto-
matic, dynamic sensitivity setting adjustments.

The theory behind all automatic sensing sys-
tems is that signal amplitudes are processed and 
the sensitivity setting is based on the most recently 
sensed amplitudes. Refractory periods are launched 
with sensing but when they time out, it is possible 
for lower amplitude signals to break through and 
reset the sensitivity; this might occur when a patient 
suddenly goes into VF. On the other hand, the pres-
ence of large, well-defi ned ventricular activity resets 
the sensitivity in such a way that reliably fi lters out 
T-waves and interference.

The major ICD manufacturers all offer varia-
tions on automatic, dynamically adjusting sensitiv-
ity. While specifi cs will vary by manufacturer and 
device, the same general principles apply. This book 
will discuss the St Jude Medical algorithm in detail.

The intracardiac electrogram provides the best 
representation of the signals that an ICD ‘sees,’ but 
the tracing that appears on the programmer screen 
has been processed from raw data. The raw signal 
enters the system and gets fi ltered in such a way that 
the T-wave portion is minimized, noise is reduced, 
and any far-fi eld signals are fi ltered out. This raw 
signal has positive and negative defl ections. For the 
purposes of the Auto Sensitivity algorithm, the sig-
nal is digitally rectifi ed (electronically corrected) in 
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such a way that it is all positive. This digitally modi-
fi ed signal is the one used for the sensing algorithm 
(see Fig. 6.1).

When a ventricular signal is sensed, it begins a 
sensed refractory period. During this sensed re-
fractory period, the ICD measures the peak of the 
maximum amplitude that occurs during that sensed 
refractory period window. This does not terminate 
the sensed refractory period or reset the rate; it sim-
ply establishes a peak signal amplitude for that par-
ticular complex (see Fig. 6.2).

This peak amplitude value is stored and used to 
determine a function called Threshold Start. When 
the sensed refractory period expires, the sensitivity 

is set to the value of Threshold Start. Threshold Start 
is described as a percentage of the maximum peak 
amplitude of the previous cycle. Nominally, Thresh-
old Start is set at 50% but other values can be pro-
grammed. The idea is that Threshold Start defi nes 
how the sensitivity setting for the next cardiac cycle 
will be set at the start. There is a linear decline from 
Threshold Start down to the maximum sensitivity 
setting, but the Threshold Start value determines 
where the slope begins (see Figs 6.3 and 6.4).

Thus, Auto Sensitivity assesses a peak amplitude 
during each sensed refractory period, uses this to 
determine a Threshold Start value, and creates a 
sensitivity ‘window’ that changes as the patient’s 
own intrinsic activity changes. This helps the device 
to sense small or erratically sized signals, which can 
be common during ventricular tachyarrhythmias 
(see Fig. 6.5).

It is always a good idea to refer to the device man-
ual or other product specifi cations to understand 
all of the parameter settings. The Threshold Start in 
Auto Sensitivity in current St Jude Medical devices is 
programmed nominally to 50% for native R-waves 
between 2 and 6 mV. For large R-waves, over 6 mV, 
the Threshold Start value caps at 3 mV (in other 
words, if a peak amplitude is 7 mV, the Threshold 
Start at 50% does not exceed 3.0 mV). Likewise, if an 
R-wave is < 2 mV, the Threshold Start at 50% does 
not fall below 1.0 mV.

Raw Signal

Rectified Signal

Fig. 6.1 Raw signal and digitally rectifi ed signal. The raw 
signal has positive and negative defl ections. It is fi ltered, 
the T-wave is minimized, noise and far-fi eld signals are 
reduced, and the entire signal is digitally rectifi ed in such a 
way that all defl ections are now positive.

Sensed Refractory Period

Fig. 6.2 Peak amplitude measurement during sensed 
refractory period. At the point at which a signal is sensed, it 
launches a sensed refractory period timing cycle. The signal 
with the highest peak during this sensed refractory period 
timing cycle is recorded and remembered by the ICD as the 
peak amplitude of that cycle. (The peak amplitude does 
not reset the timer.)
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An ICD also uses automatic sensitivity algo-
rithms for atrial sensing. The Threshold Start is set 
nominally to 50% for atrial sensing in St Jude Medi-
cal devices for peak amplitudes between 0.6 mV and 
3.0 mV. If a P-wave is > 3.0 mV, the Threshold Start 
does not exceed 1.5 mV, and if it is < 0.6 mV, the 
Threshold Start is never lower than 0.3 mV.

In Auto Sensitivity, the normal decay of the sensi-
tivity ‘triangle’ is linear with about 1 mV decay every 
312 ms on the ventricular channel and 0.5 mV decay 

every 312 ms on the atrial channel. Yet in some cases, 
a clinician may feel that the device needs to be less 
sensitive than even that. This may occur when there 
is a lot of myopotential noise, large T-waves, elec-
tromagnetic interference or other far-fi eld signals. 
In such cases, the clinician can program a feature 
called the Decay Delay (see Fig. 6.6). This is a tim-
ing parameter (programmable in milliseconds) that 
holds the Threshold Start value for the programmed 
amount of time before the downward decay slope 
begins. This feature is not something that is rou-
tinely programmed for the average patient, so St 
Jude Medical ICDs are shipped with this parameter 
set to the nominal value of 0. However, Decay Delay 
can help make ICDs less likely to sense inappropri-
ate signals.

The decay is a linear decline which stops when it 
hits the maximum sensitivity setting (which is sort 
of a fl oor or baseline for sensitivity) or whenever the 
next signal is sensed. Maximum sensitivity is a value 
many clinicians know from pacemakers, but it has a 
somewhat different function in ICDs. In pacemak-
ers, maximum sensitivity defi nes the highest sensi-
tivity setting (that is, the lowest mV value) that the 
device can reliably sense.

Dual-chamber ICDs require clinicians to pro-
gram three independent maximum sensitivity set-
tings. The fi rst two relate to the pacemaker function 
of the device: there is a maximum sensitivity setting 
for the atrial channel (nominally 0.2 mV) and for 
the ventricular channel (nominally 0.3 mV). This is 
the most sensitive setting of the device. The Thresh-

Sensed Refractory Period

0

1

2

3

4

activity ignored

maximum amplitude 
(4mV)  m

ill
iv

ol
ts

Threshold Start 
(2mV)  

Fig. 6.3 Threshold Start. When the 
ventricular signal was sensed, it 
launched the sensed refractory period, 
during which the ICD recorded the peak 
amplitude that occurred (4 mV). When 
the sensed refractory period timed 
out, it launched Auto Sensitivity. The 
new sensitivity setting was set at 50% 
of the peak amplitude or 2 mV. From 
that point, there was a linear decay of 
sensitivity down to maximum sensitivity. 
The shaded area shows the area in which 
signals would be ignored.

0

1

2mV

3

4mV

5

6mV

activity ignored

sensing occurs

Threshold Start (4mV)

Fig. 6.4 Activity ignored. In this close-up of the area 
defi ned by the Threshold Start down to the maximum 
sensitivity value, the ICD ignores signals entirely in the 
shaded area, such as the fi rst two waves. However, a signal 
large enough to break out of the shaded area (third signal) 
would be sensed.
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40  The Nuts and Bolts of ICD Therapy

old Start and other related parameters allow the de-
vice to be temporarily less sensitive in order to avoid 
sensing small but inappropriate signals, such as the 
T-wave or other noise. But the Threshold Start al-
ways decays toward the maximum sensitivity value, 
which makes the device sensitive to even very small 
signals.

The defi brillator portion of the ICD also re-
quires the setting of a maximum sensitivity value, 
which in the current generation of St Jude Medical 
devices is 0.3 mV in the device as shipped. (Con-
sult with product literature for the specifi cs about 
a particular ICD. There can be considerable vari-
ation in specifi cations, even from a single manu-
facturer.) This relatively low mV setting (or high 
sensitivity) assures that low amplitude ventricular 
fi brillation signals can be detected, but the other 

parameters provide reasonable assurance that 
most T-waves and other inappropriate signals will 
get blocked.

Whenever a signal crosses a ‘sensitivity boundary’ 
outside of the sensed refactory period, the ICD sees 
that as a sensed event. It is possible for the ICD to 
sense an event on the upward or downward slope of 
a wave. A sensed event launches a new sensed refrac-
tory period timing cycle (see Fig. 6.7).

A dual-chamber ICD also requires atrial sensing, 
and it is here that fi xed sensitivity settings (similar to 
pacemakers) can be used, or an automatic algorithm 
can be applied. A fi xed sensitivity value can work in 
dual-chamber ICD patients when they have relative-
ly uniform atrial signals. Since patients are not res-
cued from atrial arrhythmias by the ICD, there is less 
danger in missing or inappropriately sensing atrial 

activity ignored

maximum amplitude (5mV) maximum amplitude (6mV)

Threshold 
Start (2.5mV)

Threshold 
Start (3mV)

Sensed Refractory Period Sensed Refractory Period

Fig. 6.5 Auto Sensitivity in action. In this complex, the peak amplitude determined in the fi rst complex establishes the 
Threshold Start used when the sensed refractory period expires. The next signal is sensed, initiates the sensed refractory 
period timing cycle, and creates a new value for Threshold Start. In this way, sensitivity adjusts with the patient’s intrinsic 
signals.

Sensed Refractory Period

maximum amplitude (6mV)  

Threshold Start (3mV)  
Decay Delay (60ms)

Fig. 6.6 Decay Delay. The peak 
amplitude measured during the sensed 
refractory period is 3 mV, and at the 
50% Threshold Start value, this sets 
the sensitivity ‘triangle’ for the next 
cycle at 1.5 mV. With a 60 ms Decay 
Delay programmed, the 1.5 mV value is 
maintained for 60 ms before the linear 
decay begins. The dotted lines show how 
the sensitivity would have decayed with 
a nominal Decay Delay of 60 ms.
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signals. For this reason, it may be appropriate to rely 
on a fi xed atrial sensitivity value for atrial sensing. 
However, an automatic sensitivity algorithm is avail-
able and many clinicians prefer this dynamic and 
auto matically self-adjusting algorithm.

Thus far, the sensitivity information in this 
chapter relates to sensing intrinsic cardiac activ-
ity. For an ICD, nothing is more crucial than being 
able to detect dangerous ventricular arrhythmias. 
However, most dual-chamber ICDs will also have 
to recognize and respond to paced activity as well. 
When a timing cycle expires and an output pulse 
is delivered to either the atrium or ventricle, the 
chamber depolarizes milliseconds before the de-
vice senses that a depolarization is occurring. For 
this reason, most ICDs use slightly different refrac-
tory period timing cycles depending on whether 
the initiating event was sensed or paced. A post-
pace refractory period is typically shorter. The 
Threshold Start value still applies, but it sets itself 
automatically.

Fig. 6.7 Ventricular sensing in an ICD. Any time a signal crosses the sensitivity threshold outside of a sensed refractory 
period, the ICD counts it as a sensed event. This resets the sensed refractory timing cycle. Note that an event can be sensed 
on the upstroke or downstroke of a given signal.

The ventricular post-pace Threshold Start is based 
on the notion that the QT interval will shorten pro-
gressively as the paced rate increases. Thus, as the 
paced rate gets faster, the Threshold Start value will 
get lower (and the Decay Delay, if programmed, will 
shorten). The overall impact of these settings is that 
when pacing at a higher rate, the ICD becomes more 
sensitive. Remember that ventricular tachyarrhyth-
mias are often low amplitude or erratic amplitude 
signals. When the ICD starts pacing, particularly at 
fairly rapid rates, the device becomes more sensitive 
to smaller amplitude signals.

These functions all relate to sensing, which is the 
proper interpretation of intrinsic cardiac activity 
so that the device can respond appropriately. This 
is not to be confused with ‘detection,’ which refers 
to the ICD’s ability to recognize certain types of ar-
rhythmias and respond appropriately. Both sensing 
and detection rely on sensitivity but sensing helps 
guide pacing function while detection controls 
therapy delivery (shocks).

Sensed Refractory 
Period

Sensed Refractory 
Period

Sensed 
Refractory 

Period

maximum 
sensitivity

SensedSensedSensed
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The nuts and bolts of sensing

• Sensing was an engineering challenge to dual-
chamber ICD development, because ICDs need 
to be able to sense potentially low amplitude 
ventricular tachyarrhythmias but not oversense 
T-waves, far-fi eld signals, or noise.

• The intracardiac electrogram (IEGM) is the 
most reliable way to see what the ICD sees.

• For an IEGM, the raw intracardiac signal is 
taken, fi ltered, processed, and digitally rectifi ed 
in order for the device to better evaluate it.

• Oversensing = underpacing and undersensing = 
overpacing.

• Dual-chamber ICDs rely on dynamically 
adjusting sensitivity algorithms.

• When an event is sensed, it launches a sensed 
refractory period. When a paced event is sensed, 
it launches a post-pace refractory period, which 
is a little bit shorter than the sensed refractory 
period.

• The Threshold Start sets sensitivity at each 
complex based on the peak amplitude of the 
preceding complex (nominally 50%, so a 5 mV 
peak amplitude results in a 2.5 mV Threshold 
Start). This allows for dynamic sensitivity 
settings.

• The maximum sensitivity setting is the highest 
sensitivity (or lowest mV value) at which the 
device will sense.

• The Threshold Start makes the device 

temporarily less sensitive right after a refractory 
period expires. The Threshold Start decays 
linearly down to the maximum sensitivity rate.

• Most dual-chamber ICDs require the clinician 
to program three separate maximum sensitivity 
settings: one for the atrial pacing channel, one 
for the ventricular pacing channel, and one for 
the ventricular ICD channel.

• An innovative feature from St Jude Medical 
called Decay Delay allows the device to be 
temporarily less sensitive when a sensed 
refractory period expires for a programmable 
amount of time. This can help fi ne-tune sensing 
for some patients.

• Sensing occurs whenever a waveform ‘breaks 
through’ a sensitivity boundary outside of a 
refractory period. Sensing may occur on the 
upstroke or downstroke of a wave.

• A dual-chamber ICD can use a fi xed sensitivity 
setting on the atrial channel, but not on the 
ventricular channel. Even on the atrial channel, 
many clinicians will prefer an automatically 
adjusting sensitivity algorithm.

• Different devices (and even different models 
from the same manufacturer) may offer 
different algorithms and specifi cs for sensitivity 
but they are all based on the principle of 
automatically adjusting the ICD’s sensitivity on 
a beat by beat basis.
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Arrhythmia detection

In order for an ICD to deliver therapy for specifi c 
tachyarrhythmias, it needs a reliable method to sort 
out arrhythmias, group them by categories, and 
make a determination as to when therapy deliv-
ery is mandated. These various steps are all part of 
the arrhythmia detection function of an ICD and 
depend on the sensing parameter settings of the 
device. If the ICD is undersensing, there is a risk that 
important signals (which might have led to therapy 
delivery) will drop out and not be counted. If the 
ICD is oversensing, it is possible that the ICD will 
double-count some events or sense T-waves, both of 
which could lead to inaccurately high counts, pos-
sibly resulting in inappropriate therapy delivery.

Since proper therapy delivery can literally be a 
matter of life and death, the detection algorithms 
in ICDs must have a high sensitivity for detecting 
the ventricular tachyarrhythmias. The ICD uses 
information from the intracardiac electrogram 
(IEGM) for gathering the information it will use 
to categorize the heart rhythm. Most devices have 
three broad detection categories defi ned by rate: 
normal sinus rhythm (NSR), ventricular tachyar-
rhythmias, and ventricular fi brillation (VF) (see 
Table 7.1). While these rhythms are defi ned by 
rate, the device actually looks at the corresponding 
cycle lengths or millisecond (ms) intervals to make 
its determinations.

Most ICDS today offer tiered therapy, meaning 
that there are different electrical therapies for dif-
ferent types of detected arrhythmias. These types of 
therapies include:

• Antitachycardia pacing (ATP) or low-voltage pat-
terned stimulation.

• Cardioversion or low-energy shocks.
• Defi brillation or high-energy shocks.

While some particularly dangerous and aggres-
sive tachyarrhythmias may require high-energy de-
fi brillation to convert, many slower or otherwise less 
aggressive rhythm disorders may respond favorably 
to lower energy treatments. By using ATP or lower 
energy cardioverting shocks, the device saves en-
ergy and the patient is not subjected to a full output 
shock, but the rhythm disorder is still terminated.

In order to program how rhythm disorders are 
to be defi ned and which type of therapy to apply 
to which rhythm disorders, the clinician must pro-
gram the device into detection zones (sometimes 
called the device confi guration). A detection zone 
sets up rate-based (interval) defi nitions for various 
cardiac rhythms.

Defi b Only

For Defi b Only, the device is programmed so that it 
recognizes only two types of rhythms: NSR, which 
it does not treat, and VF, which requires therapy 
delivery in the form of a high-energy shock. While 
settings can be fi ne-tuned, NSR would generally fall 
in the range of any rate below 200 bpm. VF would 
be any rate above 200 bpm. When VF is detected, 
the device delivers a high-energy shock. When pro-
gramming the cut-off values for these rate catego-
ries, it is important to recognize that these are not 

Rhythm category Rate Interval

Normal sinus rhythm (NSR)  60–100 bpm 1000 ms to 600 ms
Ventricular tachycardia (VT) 100–200 bpm  600 ms to 300 ms
Ventricular fi brillation (VF) 200–400 bpm  400 ms to 250 ms

Table 7.1 How the ICD defi nes rhythms
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44  The Nuts and Bolts of ICD Therapy

clinical defi nitions for the rhythm disorders, but 
rather just ranges for the ICD’s detection zones.

Defi b with Single Tach Zone

In this confi guration, the device recognizes three 
rhythms: NSR, which it does not treat; Tach A, which 
it treats with ATP or cardioversion; and VF, which 
requires delivery of a high-energy shock. While the 
rates can be adjusted, NSR might be anything below 
120 bpm, Tach A could be anything between 120 
and 200 bpm, and VF might be everything above 
200 bpm. If the device were confi gured in this man-
ner, when an arrhythmia of 170 bpm was detected, 
the device would respond with ATP or low-energy 
shocks. If the device detected a ventricular rhythm 
of 300 bpm, it would not bother with ATP or low-
energy shocks, but it would immediately deliver 
high-energy therapy.

Defi b with Tach A and Tach B

In this confi guration, the clinician can set up four 
zones: NSR, Tach A, Tach B, and VF. Tach A would 
be the slower range of ventricular tachycardia (VT), 
while Tach B would be the higher range of VT. An 

example of this confi guration might be to defi ne 
NSR as anything below 120 bpm, Tach A (slow VT) 
to be anything between 120 and 160 bpm, Tach B 
(faster VT) would fall between 160 and 200 bpm, 
and VF would be any ventricular rhythm above 200 
bpm (see Tables 7.2 and 7.3).

The ICD measures intervals or cycle lengths from 
the intracardiac electrogram. Interval can be defi ned 
as the time in milliseconds between any two consecu-
tive ventricular events (either sensed or paced).

Rather than viewing intervals in isolation, the 
ICD may use a process known as ‘interval averaging’ 
to smooth out the potential bumps that might be in-
troduced if each interval were counted in isolation. 
(For example, a premature ventricular contraction 
or PVC might fall into the VF range rather than 
being viewed in its proper context as an unusual 
single event.) In the interval averaging process, the 
device counts an interval by measuring the present 
interval and then taking the three prior intervals 
and dividing by four. In this way, the rate variations 
that might be introduced with PVCs or other oc-
casional events do not unduly infl uence detection 
schemes (see Fig. 7.1).

The ICD next has to decide how to count (and 
where to categorize) the intervals. If the current in-

Confi guration Zones Suitability 

Defi b Only Sinus (< 200 bpm)
Fib (> 200 bpm)

When patient would not be likely respond to ATP or 
cardioversion

Defi b with Single Tach Zone Sinus (< 120 bpm)
Tach A (120–200 bpm)
Fib (> 200 bpm)

When patient has stable VTs that respond to ATP or 
cardioversion

Defi b with Tach A and Tach B Sinus (< 120 bpm)
Tach A (120–160 bpm)
Tach B (160–200 bpm)
Fib (> 200 bpm)

When patients have different types of VTs that are stable 
and respond to ATP or cardioversion (e.g. fast VT and slow 
VT requiring treatment)

Table 7.2 ICD confi gurations 

Zone Rate Intervals Programmable steps

Single Tach Zone 102–200 bpm 590 ms to 300 ms  5 ms
Tach A 102–194 bpm 590 ms to 310 ms  5 ms
Tach B 109–214 bpm 550 ms to 280 ms  5 ms
Fib 150–240 bpm 590 ms to 300 ms 10 ms

Note that this information is based on certain St Jude Medical ICDs and may vary for 
other devices. Always refer to the physician’s manual for information specifi c to any 
given device.

Table 7.3 Zone programmability
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terval and the average interval fall into the same cat-
egory (for example, Tach A), the interval is counted 
(or ‘binned’) in that rate zone. However, sometimes 
the current interval and the average interval fall into 
two different zones. When that occurs, the interval is 
binned in the faster zone, because the ICD is set up to 
err on the side of patient safety. In the event that either 
the current interval or the average interval is classifi ed 
as NSR, then it is binned as sinus, even though sinus 
rhythm does not ever result in therapy delivery.

In order to prevent an occasional single-beat 
rhythm variation from resulting in therapy delivery, 
the ICD is set up so that if only one of the two (cur-
rent interval or average interval) is sinus, the inter-
val is not counted at all. (See Tables 7.4 and 7.5.)

Binning is a constant process that involves every 
single recorded interval. The status of the count-
ing process can be monitored on the programmer’s 
IEGM.

The ICD will not deliver therapy until the device 
can make a diagnosis of a rhythm disorder based 
on interval data in the bins. In simplistic terms, the 
ICD diagnoses a rhythm disorder when it counts 
enough intervals in that particular rate bin. The 
device counts constantly and keeps intervals in all 
bins; the fi rst bin to reach the critical mass necessary 
to establish the diagnosis initiates the sequence of 
events that will culminate in therapy delivery (and 
‘shuts off ’ the other bins).

In all tach zones (whether one or Tach A/Tach 
B), the clinician has the option of programming the 
number of intervals required for a diagnosis to be 
made, usually within a broad range (for example, 6 
to 100 intervals). In many St Jude Medical ICDs, the 
nominal setting is 12 intervals.

For fi brillation, a much more serious arrhythmia, 
the range is much tighter. While actual ranges may 
vary by manufacturer, a typical range would be 8 
intervals for fast fi b detection, 16 for slow fi b detec-
tion, and 12 as a nominal or default setting.

The intervals do not have to be consecutive to es-
tablish a diagnosis, but must fall within a range (for 
example 12 events, in any order, in a consecutive se-
ries of 16 events). This method allows for the fact that 
a rhythm disorder does not always start consistently 
and that very high-rate activity is often punctuated 
by slower or even normal range beats (see Fig. 7.2).

The intracardiac electrogram as seen on the pro-
grammer captures what occurs during arrhythmia 
detection. The sequence of consecutive events is 
marked out along with cycles that count toward 

AI = 469  CI = 500
AI = 489  CI = 525

AI = 501  CI = 525
AI = 526  CI = 600 AI = Average Interval CI = Current Interval

400 475 500 500 480 525 600 475 800 675 700 725

Fig. 7.1 Interval averaging. When the fourth interval (500 ms) is measured, the device measures that interval and the 
preceding three intervals (400 + 475 + 500 + 500 = 1875) then divides by four (468.75) and reports that number, in this case 
rounded up, as the interval (469).

Current interval Average interval Bin decision

Sinus Sinus Sinus
Fib Sinus Not binned
Sinus Fib Not binned
Fib Fib Fib

Current interval Average interval Bin decision

Sinus Sinus Sinus
Tach Tach Tach
Fib Fib Fib
Tach Sinus Not binned
Fib Sinus Not binned
Fib Tach Fib
Tach Fib Fib

Table 7.4 Binning decisions when the ICD is set to Defi b 
Only

Table 7.5 Binning decisions when the ICD is confi gured 
with a single tach zone
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meeting interval criteria for the particular rhythm 
disorder (see Fig. 7.3).

Binning for tachycardia is accomplished in the 
same way. The device counts intervals until detec-
tion criteria are met and a diagnosis can be made 
(see Fig. 7.4).

One of the design challenges in creating a func-
tional ICD involved having the device monitor 
whether or not a therapy delivery was suffi cient to 
convert the rhythm disorder and if a second therapy 
delivery might be required. To accomplish this, ICDs 
employ a technique known as ‘redetection,’ which al-
lows the device to check on a rhythm post-shock and 
determine if additional therapy might be needed.

Redetection requires the ICD to bin a programma-
ble number of sinus intervals following therapy de-
livery. While the number of sinus intervals required 
will vary by device, it is typically in the range of three 
to seven with a nominal setting of fi ve. In some in-
stances, the ICD will determine that the arrhythmia 
continues even after therapy has been delivered. In 
those cases, a certain number of intervals must be 
binned before the device will deliver another therapy. 
Fib redetection is fi xed at 6 intervals in St Jude Medi-
cal devices, but tachycardia redetection may be pro-
grammed in a range from typically 6 to 20 intervals 
with a nominal value of 6 (see Figs 7.5 and 7.6).

Redetection is a very important function of an 
ICD. The clinician has certain programming op-
tions in terms of determining how to defi ne the re-
establishment of sinus rhythm (in terms of number 
of sinus events) or resumption of tachycardia. Since 
VF is such a serious rhythm disorder, the redetection 
criterion is fi xed at six intervals, simply because of 
the potentially disastrous consequences of allowing 
a patient to remain too long in a fi brillatory state.

When an arrhythmia is redetected after a less ag-
gressive therapy delivery, the next arrhythmia may be 
treated with a progressively more aggressive approach. 
For example, if VT is redetected after ATP is adminis-
tered, the next therapy may be a low-energy shock or 
even a high-energy shock. On the other hand, if the 
patient tolerates VT well and generally responds to 
ATP, a clinician might want to program the device to 
treat the VT several times with ATP before progressing 
to more aggressive, higher energy options.

There are additional parameters involved in ar-
rhythmia detection which will be discussed in later 
chapters. These special features are Maximum Time 
to Diagnosis (MTD) and Maximum Time to Fib 
(MTF).

Besides these functions, devices can also be con-
fi gured with Defi b Off. This means that the defi bril-
lation function of the ICD is temporarily deactivated 

Current 
Interval
Average 
Interval

Bin Count

DETECT
Fig. 7.2 Binning. In this chart, F stands for Fib and S is Sinus. When the device binned 12 fi b events out of a consecutive 16 
event run, the device would ‘detect’ fi brillation.

F S F F F F F S F F F F F F F F

S S S F F F F F F F F F F F F F

   1 2 3 4  5 6 7 8 9 10 11 12
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so that no high-voltage therapy delivery can occur. 
While programming Defi b Off is an unusual occur-
rence, it occasionally becomes necessary. Examples 
of situations where programming defi brillation off 
might be useful include:
• Patient is undergoing surgery involving electro-

cautery (shocks during delicate surgery can be 
disastrous);

• Patient is experiencing many inappropriate 
shocks;

• Patient is near death and elects to turn the device 
off.
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In most instances, the decision to turn off the 
device’s defi brillating function is for a specifi c pur-
pose. Often Defi b Off is used for only a limited time; 
defi brillation will soon be turned back on. Restor-
ing previously programmed parameters can usually 
be accomplished in a one-button (‘Restore Param-
eters’) or otherwise simple programming step. The 
device stores the previously programmed settings 
in the memory of the device (not the memory of the 
programmer), so it is usually fairly simple to restore 
previously programmed settings. At that point, set-
tings can be adjusted further, if desired.

Fig. 7.3 IEGM detection. The device notices Fib Intervals (marked F in the shaded area in the second strip) and counts out 
the necessary string of consecutive intervals (in this case, 12 out of 13). This satisfi es the detection criteria and the device 
diagnoses fi b and prepares for therapy delivery, which appears on the electrogram as HV (high-voltage shock) in the 
bottom strip. The R events that occur after diagnosis and before the shock are intrinsic events that occur before the device 
can deliver therapy. After therapy, normal cardiac activity is restored.
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The nuts and bolts of arrhythmia detection

usually stated in an ‘X out of Y’ pattern, such as 
12 out of 16 intervals.

• ICDs can be confi gured as Defi b Only 
(recognizing only the rate categories of sinus 
or fi b), Defi b with Single Tach (recognizing 
only the rate categories of sinus, Tach A, or fi b) 
or Defi b with Tach A and Tach B (recognizing 
sinus, Tach A or slow VT, Tach B or fast VT, and 
fi b).

• Different detection schemes and therapies can 
be programmed for different categories. For 
example, ATP may be appropriate treatment for 
slow VT.

• After therapy is delivered, the ICD monitors 
the next intervals to redetect sinus rate (which 
means the therapy worked) or redetect the 
arrhythmia (which results in resumed therapy).

• The ICD diagnoses rhythm disorders by 
counting intervals on the intracardiac 
electrogram. This is a rate-based detection 
scheme that can be adjusted to meet the 
individual patient’s needs by programming.

• The ICD counts the current interval as one 
value and then the average of the current 
interval and the preceding three intervals. If 
these events fall into the same category, the event 
is binned in that category. If one but not both 
(that is either the current interval or the average 
interval) is sinus, the interval is not counted. If 
both events are tachycardia or fi brillation but 
not in the same category, the interval is binned 
in the higher category.

• The ICD diagnoses an arrhythmia when a 
suffi cient (and programmable) number of 
events in an event sequence are binned. This is 
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Arrhythmia therapy

ICD therapy is rescue. The goal of ICD therapy is 
not to alleviate symptoms or enhance well-being or 
try to improve the patient’s underlying condition: 
it is to rescue the patient from a potentially life-
threatening ventricular arrhythmia. When it comes 
to therapy delivery in an ICD, it can literally be a 
matter of life and death.

ICDs offer three main categories and two types 
of therapy: high-energy (sometimes called high-
voltage) shocks or cardioversion, and antitachy-
cardia pacing (ATP). High-energy shocks and 
cardioversion are really the same type of therapy: 
a large amount of electrical energy is sent to the 
heart to defi brillate it. In the clinical setting, defi -
brillation is performed using higher energy levels 
than cardioversion. In the world of implantable 
devices, cardioversion refers to a shock delivered 
to terminate a tachycardia, while defi brillation re-
fers to a shock delivered to terminate fi brillation. 
As a rule of thumb, cardioversion usually involves 
an output of around 2–15 joules (J), while defi -
brillation is greater than 15 J. However, in device 
therapy, defi brillation therapy and cardioversion 
may actually involve the same amount of energy: 
the difference is the arrhythmia they are trying to 
terminate.

ATP uses patterned stimulation at low-voltage 
levels (typical pacemaker outputs) to terminate 
ventricular tachyarrhythmia. While most modern 
ICDs have programmable ATP options, in clinical 
practice, these options are not always enabled. Older 
or simple ICDs may not offer ATP.

High-voltage therapy

The great challenge to the design of the ICD was to 
create a device small enough and safe enough to im-
plant under the skin that was capable of delivering 
a massive amount of energy (700–800 V or 30–36 

J) very quickly. Since ventricular tachyarrhythmias 
can start suddenly and may be lethal in a matter of 
minutes, the device had to be able to identify and 
diagnose a dangerous arrhythmia and then deliver 
high-voltage therapy in a matter of seconds. Since 
the typical battery size for an implantable device is 
about 3.2 V, the challenge seemed more than just 
daunting. It seemed impossible. How could such a 
small battery deliver so much energy so quickly?

The answer came in the form of an electronic 
component known as a capacitor. Developed origi-
nally for use in fl ash photography, capacitors act as 
high-voltage storage tanks. The battery can ‘pump’ 
energy into the capacitor, which holds it until it 
reaches a predetermined capacity. At that point, the 
capacitor ‘unloads’ all of the stored energy in one 
bolus. Thus, a 3.2 V battery can fi ll a capacitor to 
the point that it contains enough energy (700 V) to 
defi brillate the heart.

Capacitors are some of the largest individual 
components in an ICD, larger than even the battery. 
Capacitors are made of two aluminum sheets sepa-
rated by an oxide dielectric. This dielectric compo-
nent starts to decay and deform over time if it is not 
periodically charged to capacity. Deformed capaci-
tors may allow some current stored in the capacitor 
to leak out, resulting in longer-than-normal charge 
times to reach defi brillation energy. This can affect 
device capacitance, which is defi ned as the capacity 
of the capacitor.

Fortunately, the easy way to avoid capacitor de-
formation is to perform a step called ‘reforming’ or 
capacitor reformation. Most modern ICDs reform 
their capacitors automatically, so no clinician inter-
vention is required. However, some older devices 
and specifi c types of ICDs may require the clinician 
to program capacitor maintenance (which may be 
done in a programming session or programmed to 
occur automatically at a later time). ICDs with au-
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tomatic capacitor maintenance use a schedule based 
on battery voltage and self-adjust as needed.

During capacitor reformation, the device charges 
to full capacity and then allows that charge to bleed 
off, that is, to dissipate gradually and harmlessly. 
When an ICD offers automatic capacitor mainte-
nance, the patient will not be aware of this action; it 
causes no pain or unusual sensations.

High-voltage shocks are described in volts and in 
joules. Although both are commonly used expres-
sions, they are actually different units of measure. 
Voltage refers to an electromotive force as measured 
in the difference in potentials (the force in one thing 
versus the force in another). References to voltage 
are frequently made for household appliances, the 
action potential of the heart, and battery chemistry. 
Joules are a unit of energy (specifi cally the amount 
of energy it takes to do the work by a force of one 
Newton acting through a distance of one meter). 
Most clinicians fi nd it more helpful to talk about 
defi brillation energy in terms of joules, which meas-
ure energy, rather than voltage. Note that there is 
no direct conversion formula for translating volts 
into joules precisely and vice versa; factors such as 
impedance affect the equation.

Defi brillation or cardioversion therapy involves 
the application of a single high-energy output to 
the heart. The amount of energy in the shock can 
be programmed. Clinical considerations as to the 
amount of energy to program for a therapy delivery 
involve several factors:
• What is the patient’s defi brillation threshold (if 

known)?
• Is the shock intended to terminate a nonlethal 

ventricular tachycardia or a life-threatening ven-
tricular tachyarrhythmia?

• Does the patient respond well to lower energy 
shocks?
The defi brillation threshold (DFT) is defi ned as 

the amount of energy required to reliably defi bril-
late the heart. During implantation, the physician 
may elect to perform DFT testing, in which ven-
tricular fi brillation is induced and then terminated 
by the device in a step-down sequence to fi nd the 
minimum reliable level of energy needed to achieve 
defi brillation. Since DFT testing involves induc-
ing potentially fatal ventricular fi brillation several 
times, it can be a diffi cult, nerve-wracking step of 
the procedure. It also almost always requires the 

patient to be under deep sedation or even general 
anesthesia. Today, some ICD implanters forego DFT 
testing at implant and program the device to the 
highest output settings.

Obviously, if the patient’s DFT is known and is 
fairly low, it may not be necessary to program the 
highest level of energy. ICDs allow the clinician to 
program multiple therapy deliveries in a step-up
 sequence, that is, a lower energy shock fi rst, followed 
by a more aggressive shock and perhaps followed by 
a maximum shock. This approach requires careful 
clinical consideration, since if the fi rst shocks do not 
work, the patient spends an unnecessarily long pe-
riod of time in a dangerous arrhythmic state.

One reason for programming a lower energy 
shock might be to terminate an arrhythmia that oc-
curs in a tach zone, rather than in the fi b zone. For 
instance, if the patient is prone to both ventricular 
fi brillation (VF) as well as hemodynamically stable 
ventricular tachycardia (VT), setting up a tach zone 
for the VT allows the clinician to program a therapy 
that will be administered when the device diagnoses 
VT as opposed to VF. In such instances, it may be 
useful to program smaller shocks for this type of ar-
rhythmia, particularly if there is some documenta-
tion that shows the patient had previously respond-
ed well to lower energy shocks for such arrhythmias. 
Lower energy shocks spare ICD battery life (high-
energy shocks drain the battery) and are often more 
tolerable for the patient. If it is not necessary to use 
the highest energy shocks to terminate a stable VT, 
there is good reason for the clinician to consider a 
tiered therapeutic strategy.

In actual practice, many clinicians program ICDs 
to the highest levels of energy output for therapy. 
The patient may not have undergone DFT testing 
at implant, may have no documented history of re-
sponse to shocks at varying degrees of energy, and 
may not be hemodynamically stable when the de-
vice diagnoses an arrhythmia – all of which are good 
reasons to get powerful therapy fast.

Another consideration involves the DFT itself. 
One reason many implanters have chosen to forego 
DFT testing is the fact that DFTs are not constant 
values.1 They vary with many factors, including 
time, disease progression, and drug interactions.2 
Since most ICD patients have heart disease (often 
multiple conditions) and are on pharmacological 
therapy for their heart and possibly other condi-
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tions, the things that can most affect DFTs seem to 
describe ICD patients! Many forms of heart disease 
are progressive, which means that the patient’s heart 
is going to change over time. Unfortunately, changes 
in DFT levels can be clinically silent. There is simply 
no way of knowing if the patient’s DFT at implant is 
still the same a year later without subjecting the pa-
tient to a new round of DFT tests. As a result, there 
is good reason for clinicians to program highest 
energy shocks, particularly in response to the most 
dangerous forms of ventricular tachyarrhythmias.

The amount of energy an ICD is capable of de-
livering varies by manufacturer and model. In this 
context, it is important to recognize the distinction 
between stored energy and delivered energy so that 
unfair comparisons are not made. For instance, it 
is not a fair comparison to say that an ICD with 36 
J of stored energy is equivalent to an ICD with 36 
J of delivered energy. In the most simplistic terms, 
stored energy refers to the amount of energy that 
the capacitors can hold, while delivered energy re-
fers to the amount of energy the capacitors release. 
Since no capacitor unloads all of its charge, stored 
energy is by defi nition always greater – sometimes 
a few joules larger, in fact. For clinical applications, 
the relevant information is the amount of energy a 
device can deliver.

Once the clinician has determined the proper 
energy value for therapy for the fi b zone and tach 
zones, the device can be programmed. When an ar-
rhythmia is detected, therapy will be delivered syn-
chronously with the next non-sinus complex, that 
is, synchronously with the patient’s next R-wave 
(see Fig. 8.1).

It is well known that many arrhythmic episodes 
self-terminate. So what happens if the device sees 
enough activity to detect an arrhythmia but as it 

prepares to deliver therapy (just a matter of sec-
onds), sinus rhythm is restored? That depends on 
how the ICD is built. An ICD that is ‘committed’ will 
deliver therapy once an arrhythmia is detected, even 
if sinus rhythm resumes. The concept is that the sys-
tem ‘commits’ to therapy at the detection point and 
delivers it – no matter what.

A ‘noncommitted’ device detects an arrhythmia, 
prepares for therapy, but will abort the shock if it 
detects that sinus rhythm is restored before therapy 
delivery. (Remember that what the device calls ‘sinus 
rhythm’ is based on programmable rate ranges and 
may not be the same thing as clinical sinus rhythm.) 
(See Fig. 8.2.)

When a shock is aborted, the capacitor has al-
ready started to store energy. In fact, it may be very 
near capacity. This shock now has nowhere to go. 
The device solves this problem by allowing the ener-
gy to dissipate gradually or ‘bleed off.’ (This may be 
available as a programmable feature called ‘Dump 
Capacitors’ which must be enabled.) When a charge 
bleeds off, the patient does not notice anything and 
there is no damage to the device.

One of the most important aspects of any ICD 
is charge time, that is, how much time is necessary 
after diagnosis for the device to charge to full capac-
ity and administer life-saving therapy. Charge times 
can vary with the age of the device, battery status, 
state of the capacitors, and other factors. Theoreti-
cal charge times for devices are generally measured 
at the beginning of life and are usually around 10 
seconds (see Fig. 8.3).

Engineers and clinicians have noticed that the 
type of waveform delivered can affect its therapeutic 
value. Very early in the history of ICDs, it was deter-
mined that biphasic waveforms were far more effec-
tive – even at identical settings – than monophasic 
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Fig. 8.1 High-voltage therapy delivered. The ICD detects fi brillation and a shock (HV) is delivered, restoring sinus rhythm.
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Fig. 8.2 Fib therapy aborted. This noncommitted device diagnoses an arrhythmia and delivers ATP, which accelerates 
the arrhythmia to ventricular fi brillation (VF). The device prepares to deliver therapy, but then sinus rhythm (as the 
device defi nes it) is restored (bottom strip). Since this is a noncommitted device, the shock is aborted. Had the ICD been a 
committed device, the therapy would have been delivered.
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waveforms at defi brillating the heart. A monophasic 
waveform is defi ned as a waveform that only goes in 
one direction with respect to the baseline. A biphasic 
waveform has two phases: a fi rst positive phase (up-
ward from baseline) followed by a second, shorter, 
negative phase (see Fig. 8.4).

Since a biphasic waveform can defi brillate the 
heart with less energy, it rapidly became the stand-
ard of care. However, no one knows exactly why the 
biphasic waveform works the way it does. While the 
exact cellular mechanisms remain unclear, it has 
been established that biphasic waveforms are more 
effective at defi brillating.

Are there other waveform morphologies that 
might also enhance defi brillation effi cacy? One 
variable that is often discussed in this connection is 
called tilt. Tilt is defi ned as the percentage decrease 
in voltage at the capacitor measured from the lead-

ing edge (start of fi rst waveform) to the trailing edge 
of the pulse. Tilt is affected by the capacitance (that 
is, the state of the capacitor), the impedance of the 
lead system used with the ICD, and the duration of 
the therapy (see Fig. 8.5).

Clinical experience with varying tilts has given us 
information which seems counterintuitive. It would 
appear that a higher tilt – that is, a waveform that 
delivered more energy – would be more effective at 
defi brillating the heart. In fact, studies have shown 
that a tilt value in the range of 40–65% is actually 
more effective than higher tilt values of 80%.3

ICDs are designed to accommodate either a fi xed 
tilt or a fi xed pulse width when it comes to therapy 
output. In a fi xed tilt system, the device has a fi rm 
and unchanging tilt for the waveform. The clinician 
programs the energy, but the tilt remains fi xed. In 
order to deliver the right amount of energy at the 

Fig. 8.4 Monophasic and biphasic waveforms. A monophasic waveform has a single phase while a biphasic waveform 
consists of an initial positive phase followed by a shorter negative phase.
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Fig. 8.5 Tilt: this defi ned as the percentage of voltage drop between the leading edge and the trailing edge (Vf) of the 
waveform.
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fi xed tilt, the device sometimes has to automati-
cally adjust the pulse width (duration of output) 
to accommodate variations in impedance. When 
programming with a fi xed tilt system, the device is 
programmed in joules (because the device adjusts 
everything to deliver the programmed amount of 
energy).

On the other hand, some ICDs are set up with a 
fi xed pulse width. The clinician programs therapy by 
selecting voltage and pulse width values. The tilt is 
then adjusted to accommodate those settings. With 
fi xed pulse width ICDs, the energy varies as lead 
impedance varies. Thus, fi xed pulse width settings 
require the shock to be programmed in volts, since 
the device delivers the appropriate voltage, but pulse 
width (and thus total energy delivery) can vary.

The two systems: fi xed tilt and fi xed pulse width 
may be available as programmable options for the 
ICD. Further options may even allow clinicians to 
program fi xed tilt or fi xed pulse width independent-
ly for fi b zones and tach zones. Likewise, monopha-
sic and biphasic waveforms may also be program-
mable options.

Thus, clinicians programming shock therapy 
may have to select several values to defi ne the shock. 
These items can usually be independently pro-
grammed by zone, that is, different values can be 
programmed for Tach A, Tach B, and fi b.
• Monophasic or biphasic waveform.
• Programmable pulse width (in voltage) or pro-

grammable tilt (in joules).
• Shock parameters (in voltage or joules).

In addition to these parameters, it may be use-
ful to reverse the polarity of a device. In a dual-coil 
ICD system, the electrical circuit is formed from the 
right ventricular (RV) coil at the distal tip of the 
RV lead to either the lead in the superior vena cava 
(SVC) and the ICD can or the ICD can alone. Pro-
gramming the SVC coil ‘on’ or ‘off ’ determines how 
the electrical circuit is formed. (With the SVC coil 
on, the circuit is from RV lead to SVC lead and can; 
with the SVC coil off, the circuit runs from RV lead 
to can.) Changing the polarity affects the shocking 
vectors, that is, the path the electrical energy takes 
through the heart during defi brillation. Changing 
shocking vectors may improve defi brillation effi -
cacy in some patients. This is not a parameter that 
is frequently adjusted, but it can provide more fl ex-
ibility for managing unusual cases.

Antitachycardia pacing (ATP)

ATP has long been recognized as a way to pace-
terminate certain types of arrhythmias, but only 
certain rhythms (and certain patients) respond to 
it. Because ATP involves some special programming 
and is known to be ineffective (and sometimes even 
pro-arrhythmic) in some patients, many clinicians 
do not bother to program ATP options in ICDs. But 
ATP offers some powerful advantages and is usually 
worth considering:
• ATP is not painful; in fact, many patients do not 

even notice it.
• Although programming ATP requires some 

knowledge of programmed stimulation, setting it 
up can be fairly simple.

• Many hemodynamically stable VTs can be termi-
nated without having to resort to painful shock 
therapy.

• ATP may reduce the drain on the battery by termi-
nating some arrhythmias without shocks.
The ideal candidate for ATP is an asymptomatic 

patient who is susceptible to reentrant monomor-
phic VT but remains hemodynamically stable. In 
other words, you do not want to program ATP when 
the patient is unstable, hemodynamically compro-
mised, or suffering. However, many patients do de-
velop such VTs and ATP can be an effective, painless, 
almost ‘invisible’ way of managing them.

ATP only works on monomorphic VT involving 
a reentry circuit. This arrhythmia requires a bypass 
tract or closed loop, which must have unidirectional 
block plus a fast side and a slow side. This constella-
tion of conditions results in a reentry circuit. Elec-
tricity traveling into the closed loop makes its way 
down the fast side of the loop fi rst. This electricity is 
already out of the loop as electricity travels the slow-
er leg. When the electricity reaches the lowermost 
portion of the loop, some of it will travel downward 
and out, but some of that slower energy will get de-
fl ected and travel back up the fast side and then back 
down the fast leg again. This cycle continues, getting 
faster and faster. (See Fig. 8.6.)

The theory behind ATP is the same as for pro-
grammed stimulation used in the EP lab: one or 
several carefully timed low-voltage pacing impulses 
are delivered to the heart at a rate faster than the 
tachycardia in order to break the ‘vicious cycle’ of 
the reentry loop and terminate the arrhythmia. 
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While just one single properly timed output pulse 
can effectively terminate a tachycardia, most ATP 
sequences involve multiple outputs in a precisely 
timed pattern.

There are a few drawbacks to ATP therapy that must 
be considered as well. ATP takes some time, because 
not only does the ICD have to detect the arrhythmia, 
the programmed stimulation sequence can take sev-
eral moments. Many ATP sequences involve multiple 
attempts to terminate a VT, which can mean that the 
entire ATP therapy takes several minutes. This is not 
appropriate if the patient is hemodynamically com-
promised or experiencing symptoms. While ATP is 
effective at terminating VT, it can sometimes acceler-
ate the rhythm rather than interrupt it. If this accel-
eration is great and if the patient might be susceptible 
to having VF develop from VT, this involves consid-
erable risk that the ATP will provoke a more severe 
arrhythmia rather than terminate a relatively benign 
one. For these reasons, ATP is generally preferred for 
patients who experience stable, asymptomatic VTs at 
rates below 200 bpm.

ATP programming involves setting up a pattern 
of stimulation outputs to be used when the device 
detects a VT. The main drawback to ATP is that it 
may accelerate a VT into VF. For that reason, ATP 
should be used with care, typically in patients who 
have tachyarrhythmias that are known to respond 
to ATP.

To understand how to program ATP, it is useful 
to learn the lingo, which differs from normal pacing 
terminology (see Table 8.1).

The decision as to how to program ATP for an 
individual patient should be based on the clinician’s 
experience both with programmed stimulation and 
the particular patient. The clinician would fi rst set 
up the train: this might consist of an individual 
extra stimulus or a rapid sequence of stimuli (burst). 
The burst cycle length (BCL) determines the speed 
of the impulse. Since ATP is based on the notion that 
pacing at a rate above the tachycardia rate termi-
nates the VT, the BCL should be greater than the 
VT. Thus, if the ICD has a Tach A range for VTs of 
150–200 bpm, the BCL for ATP therapy in that zone 
should be greater than 200 bpm, which works out 
to a cycle length of 300 ms or below. This involves 
programming the BCL to a fi xed value.

Many devices allow the BCL to be dynamically 
based on the rate of the intrinsic VT and pro-

Fast PathSlow Path

Fast PathSlow Path

Fast PathSlow Path

Fig. 8.6 Reentrant VT. A reentrant circuit requires a closed 
loop with a fast side and a slow side. Electricity entering 
the loop splits, with some electricity traveling down the 
fast path and some down the slow path. The electricity is 
already through the fast path and tissue on that side of the 
circuit starts to repolarize so that it is no longer refractory 
at about the same time that the electricity reaches the 
lowest portion of the slow path. Now, instead of traveling 
down and out of the loop, some of that electricity is able 
to split off and travel back up the fast path. This creates 
a circular pathway with electricity traveling faster and 
faster through the loop. The electrical energy ‘reenters’ the 
fast path (reentry tachycardia) and travels backward. The 
difference in electrical conduction properties in the loop 
keep the energy circling around the bypass tract, faster and 
faster.
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grammed as an adaptive or percentage value. In this 
case, the cycle length is automatically adjusted to a 
percentage value of the current VT cycle length. For 
instance, the BCL can be programmed to the adap-
tive setting of 85%, which means that each burst will 
be automatically adjusted by the device so that it is 
85% of the tachycardia cycle. When adaptive BCL is 
used, the device is said to readapt, that is, adjust the 
cycle length (see Fig. 8.7).

When programming a burst, that is, a series of 
rapid stimulating outputs, the clinician will also 
be asked to program the number of stimuli in that 
burst. In theory, only one extrastimulus is needed 
to terminate a VT, but the programmable range for 
number of stimuli ranges from 2 to 20 with 6 a good 
default value.

Setting up a BCL and a number of stimuli defi nes 
one individual burst. Sometimes a clinician will 

set up a train that involves multiple bursts (often 
programmable from 1 to 15). For example, the ICD 
can be set up to deliver a rapid series of six output 
pulses, then pause, and then deliver another six, and 
so on until it completes a dozen bursts. When ATP is 
programmed that way, the burst is a sequence of six 
pulses and the train is the series of a dozen bursts.

Ramping allows output pulses within a burst to 
be decreased by a programmable amount from one 
pulse to the next (see Fig. 8.8). Sometimes called 
‘autodecrementing,’ each output is shorter (by the 
programmed step value) than the one preceding it 
within that burst. 

Scanning allows a burst to be delivered and if 
the VT persists, the next burst will be delivered at a 
faster rate (see Fig. 8.9).

Ramp pacing and scanning can be programmed 
together, so that the ATP will pace more and more 

ATP term Meaning

Extrastimulus A single, precisely timed pacing output pulse
Burst 1. A sequence of precisely timed output pulses

2. A pattern of programmed stimulation that may include several bursts or extrastimuli
Train This is the same as no. 2 of burst (see above)
Burst cycle length (BCL) The programmable parameter that controls the speed of the ATP output pulses 
Ramp pacing Increasing the pacing rate (that is, decreasing the cycle length) within one individual burst
Scanning Changing the cycle length (that is, increasing or decreasing the rate) from one burst to the next 

burst
Attempt The use of a burst or train to terminate a VT
Readapt A programmable parameter that allows a burst to change automatically as the VT cycle length 

changes 

Table 8.1 ATP terms

Scanning: Off

Burst 
cycle 
length

msec

VT 
cycle 
length

400ms

320 320 320

350ms

280 280 280

300ms

240 240 240

250ms

200 200 200

Ramp: Off BCL: 80% No. of Stimuli = 4 No. of Bursts= 4

Fig. 8.7 Adaptive BCL. Readapted ATP allows the burst cycle length (BCL) to automatically adjust to a percentage value 
of the tachycardia cycle length. In the fi rst sequence, the VT cycle length is 400 ms and the programmed 80% BCL results 
in a burst cycle length of 320 ms (0.80 × 400). As the VT cycle length changes, so does the BCL. In the last sequence in the 
illustration, the VT cycle length is just 250 ms and the BCL is 200 ms (0.80 × 250).

No. of Bursts = 4
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rapidly, both within an individual burst and from 
one burst to the next, if the VT does not terminate 
(see Fig. 8.10).

Another useful ATP parameter involves adding 
stimuli per burst if a burst is unsuccessful (see Fig. 
8.11). This is programmable and adds one pulse per 
burst after every unsuccessful burst, up to a maxi-
mum value (typically 20 pulses). These added puls-
es may increase the effectiveness of ATP. If ramping 
is programmed, the additional pulse will come in at 
the faster rate.

Redetection is employed, similar to that used for 
high-energy therapy, to ascertain the restoration of 
sinus rhythm. If sinus rhythm is not redetected, ATP 
continues according to the values to which it was 
programmed. When sinus rhythm is restored, ATP 
ceases.

Conclusion

An advanced, full-featured ICD allows the device 
to defi ne and diagnose up to four different types of 
rhythms (sinus, slow VT, fast VT, fi b). Just as this 

level of categorization is not necessary or even ap-
propriate for some patients, not all patients will 
need ATP or cardioversion. However, for patients 
with multiple rhythm disorders, the ability to cat-
egorize and differentially treat these arrhythmias is 
a major advancement in ICD therapy. All ICDs re-
quire a fi b zone with high-energy therapy delivery. 
For many patients, that may be all that is ever re-
quired. Yet for patients with slow VTs, ATP may be a 
painless solution. For those with hemodynamically 
stable fast VTs, cardioversion (lower-energy shocks) 
may be a therapeutic option. These refi nements 
may make ICD therapy a bit more complicated at 
the outset, but they offer fl exibility to meet the cur-
rent and often changing needs of the patients who 
get these devices.
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Ramp: On

Burst 
cycle 
length

VT cycle
length 

400 msec

msec 360 340 320 300 360 340 320 300 360 340 320 300 360 340 320 300

Ramp Step: 20ms BCL: 90% No. of Stimuli = 4 No. of Bursts= 4

VT CL400ms

Burst cycle length 360ms 350ms 340ms 330ms

Scan Steps:10msScanning: On BCL: 90% No. of Stimuli = 4 No. of Bursts= 4

Fig. 8.8 ATP ramping. In this example, four bursts are programmed with four output pulses to a burst. The burst cycle 
length is programmed to 90%. Ramp is on with a ramp step value of 20 ms. This means that each successive pulse in an 
individual burst is 20 ms shorter than the one preceding it. Ramping only affects outputs within a burst.

Fig. 8.9 ATP scanning. In this example, scanning is programmed on with a scan step of 10 ms. The BCL is 90%. The VT cycle 
length is 400 ms, so the BCL is 360 ms (0.90 × 400). Each burst is 10 ms (the scan step) shorter than the burst preceding it. 
Scanning decreases from burst to burst.

No. of Bursts = 4

No. of Bursts = 420 ms

 10 ms
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Fig. 8.11 ATP with added stimuli. The feature ‘Add stimuli per burst’ is used to add one output pulse per burst after every 
unsuccessful burst. Since ramp is on, the additional outputs come in at the higher, ramped rate.

BCL = 90% Intra Burst Step = 25 ms Scanning step 10 ms

400

400

400

360

350

340 315 290 265

325 300 275

335 310 285

Fig. 8.10 ATP with ramping and scanning. This ATP sequence both ramps (decreases cycle length from output to output 
within a burst) and scans (decreases the cycle length from burst to burst). The VT cycle length is 400 ms and the BCL is 
adapted at 90%, resulting in an initial output of 360 ms (0.90 × 400). The intraburst step is 25 ms, so each output is 25 ms 
shorter than the one preceding it (360, 335, 310, 285). A burst is four outputs. In this example, the next burst follows the 
same pattern, but commences with a 10 ms shortening (scanning step of 10 ms). Thus, the next burst starts at 350 ms and 
the one after that starts at 340 ms. Ramping and scanning together allow for particularly aggressive ATP therapy.

Ramp: On

Burst 
cycle 

length

ms 252 232

Number of
pulses

3 4 5 6

252 232 212 252 252 232 212232 212 192 192 172

Ramp Step: 20 ms BCL: 252 ms
Bursts: 4
Add Stimuli Per Burst: On No. of Stimuli = 3
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• ICDs with tiered therapy offer antitachycardia 
pacing (ATP), cardioversion for ventricular 
tachycardia (VT), and defi brillation for 
ventricular fi brillation (VF), which can be 
programmed to meet the specifi c needs of the 
individual patient.

• In an ICD, cardioversion refers to therapy 
delivery for VT and is typically 2–15 joules.

• Joule is a unit of energy and volt is a unit for 
electromotive force. Both are sometimes used 
to defi ne ICD output, with joule the more 
common term.

• ICDs can deliver high-energy (or high-voltage) 
outputs even though they have small (3.2 volt) 
batteries because capacitors are able to store a 
charge and then release it all at once.

• Capacitors can become deformed with lack of 
use and periodically require maintenance in the 
form of reformation. Reforming the capacitors 
is often automatic and involves fully charging 
the capacitors and then allowing the charge to 
dissipate harmlessly.

• The defi brillation threshold (DFT) is the 
amount of energy required to reliably 
defi brillate the heart during a life-threatening 
arrhythmia. DFT testing may be done at implant 
(often it is not). DFTs can change over time, 
with drugs, and with disease progression.

• Stored energy refers to how much energy can be 
stored in the device’s capacitor, while delivered 
energy refers to how much energy is actually 
sent to the heart. Since capacitors cannot 
completely discharge, stored energy is always 
more than delivered energy, sometimes even 
several joules more.

• A noncommitted device will abort therapy if 
sinus rhythm (as the ICD defi nes it) is detected 
after an arrhythmia has been detected but before 
therapy is delivered. A committed device will 
not abort therapy in the same scenario. When 
therapy is aborted, the charge is dissipated 

The nuts and bolts of arrhythmia therapy

 3 Yamanouchi Y, Brewer JE, Donohoo AM et al. External 

exponential biphasic versus monophasic shock wave-

form: effi cacy in ventricular fi brillation of longer dura-

tion. Pacing Clin Electrophysiol 1999; 22: 1481–7.

gradually (or ‘bled off ’) and is not felt by the 
patient.

• Charge time refers to the amount of time in 
seconds it takes for a device to fully charge and 
deliver therapy after an arrhythmia is detected. 
Charge times can be affected by many factors 
including the age of the device, battery status, 
and the condition of the capacitors. Most stated 
charge times refer to new devices (beginning of 
battery life).

• The morphology of the output waveform can 
be described as monophasic (one phase, positive 
with respect to the baseline) or biphasic (two 
phases, with a longer positive phase followed by 
a shorter negative phase). Biphasic waveforms 
are more effective at defi brillating the heart, but 
the reasons for this are unclear.

• Tilt refers to the percentage the voltage value 
decreases from the start of a defi brillation 
output (leading edge of the waveform) to the 
end of it (trailing edge of the waveform). Tilt 
can be a fi xed value, in which the device alters 
other parameter values to maintain a constant 
tilt value, or it can be programmable. Studies 
show that a tilt value of 40–65% is most 
effi cacious for defi brillation.

• Some devices allow for a fi xed pulse width, in 
which case the device adjusts tilt and energy to 
maintain a constant pulse width value during a 
defi brillation output.

• Programmable polarity, also called 
programmable shocking vectors, allows the 
clinician to program the defi brillation energy 
circuit. It can either be the right ventricular 
(RV) lead to the SVC lead and can or it can be 
the RV lead to the can. Programmable shocking 
vectors can improve defi brillation effi cacy in 
some patients.

• Antitachycardia pacing (ATP) is a form of 
programmed stimulation that can be effective 
in some patients to terminate an asymptomatic, 

Continued.
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hemodynamically stable VT, particularly one 
that is under 200 bpm.

• ATP involves programming attempts or trains 
that are made of up of extrastimuli (individual 
outputs) or bursts (a series of outputs). These 
outputs can be programmed to a fi xed burst 
cycle length (say 300 ms) or an adaptive value 
(for example, 85% of the patient’s current 
tachycardia cycle length). When bursts are 
adaptive, the process by which the cycle length is 
determined is sometimes called readaptation.

• Several ATP sequences may be required to 
terminate a VT. Ramping allows the burst cycles 
to be decrementing by a programmable amount 
(called the ramp step) and scanning allows burst 
cycle lengths to be changed from burst to burst. 
Ramps occur within bursts, scans occur burst 
to burst. ATP programming can use one or the 
other or both.

• In ATP programming, a clinician may fi nd it 
useful to add a stimulus per burst in successive 
attempts to terminate a VT.

Continued.
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9 CHAPTER 9

SVT discrimination

Patients who get potentially life-saving high-
voltage therapy from their ICD frequently report 
that therapy delivery is disturbing, unsettling, star-
tling … and painful. Therapy delivery can occur 
before the patient notices any symptoms, and 
therapy can feel like getting kicked in the chest by 
a mule. Even patients who do not report such pain-
ful shocks still fi nd therapy delivery alarming, for it 
brings them uncomfortably close to the notion of 
their own mortality and dependence on a device. 
For these reasons and for the sake of battery longev-
ity, it is important that ICDs shock the patient only 
when necessary.

Yet in the quest to make ICDs as responsive as 
possible to life-threatening arrhythmias, many clini-
cians can program settings which also make the de-
vice responsive to arrhythmic activity that the ICD 
was not designed to treat. Such shocks are called in-
appropriate, and they can tax the patient, drain the 
device battery, and place an unnecessary burden on 
the local physicians, clinics, and hospitals that may 
be visited by these patients for treatment.

ICDs are designed to treat life-threatening ven-
tricular tachyarrhythmias, which, by defi nition, are 
rhythm disorders that originate in the ventricles. 
However, many rhythm disorders originate above 
the ventricles. Supraventricular tachycardia (SVT) 
refers to a broad class of tachyarrhythmias which are 
known to start in the atria or AV node. Since SVTs 
often conduct down to the ventricles and provoke 
a rapid ventricular response, the ICD may detect a 
rapid ventricular rate and ‘mistake’ it for a tachycar-
dia that is ventricular in origin.

SVTs include such common rhythm disorders as 
atrial fi brillation (AF), atrial fl utter, and atrial tach-
ycardia. It is no rarity for an ICD patient to have 
multiple rhythm disorders, and one study estimated 
that about 50% of all current ICD patients would 
develop AF over the course of their lifetime.1 It is 

no wonder that one study found a 14% incidence 
of inappropriate therapy delivery in ICD patients2 
(earlier papers reported even higher rates for older 
devices3), which bears out what many clinicians 
have observed in clinical practice. The documented 
presence of atrial tachyarrhythmias prior to ICD 
implantation has been identifi ed as a risk factor 
for inappropriate ICD therapy, but inappropri-
ate therapy delivery can potentially affect any ICD 
patient.4

The ICD constantly monitors the patient’s ven-
tricular rate. When a certain number of intervals at 
the cut-off rate (or above) are counted, the ICD ‘de-
tects’ the arrhythmia. At this point (and it takes just 
moments), the ICD then ‘diagnoses’ the arrhythmia 
by categorizing it as Tach A, Tach B or fi b. Once 
the diagnosis is made, the ICD prepares to deliver 
therapy. The entire process may take fewer than 10 
seconds.

The problem arises in that the ICD can only 
monitor the ventricular rate. It has no way of know-
ing whether a 200 bpm ventricular rate is the result 
of rapid response to AF or whether it is ventricu-
lar tachycardia (VT). Likewise, a patient with a 200 
bpm ventricular rate may be experiencing an exer-
cise-induced sinus tachycardia. Therapy delivery to 
such patients is inappropriate.

In order to develop an ICD that had good sen-
sitivity (that is, identifi ed VT and VF reliably) as 
well as good specifi city (that is, could tell the differ-
ence between SVT and VT/VF), engineers have de-
veloped special algorithms known broadly as SVT 
discriminators to be sure that an ICD detected and 
treated every VT/VF but did not deliver therapy to 
SVT. SVT discriminators are algorithms available in 
Tach A and Tach B zones. (SVT discriminators can-
not be used in the fi b zone.)

SVT discrimination settings are programmable, 
and the entire SVT discrimination function can be 
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programmed off or, in some devices, to a passive set-
ting which allows clinicians to see how the SVT dis-
criminators would have classifi ed a rhythm disorder 
(but does not allow the SVT discrimination to im-
pact diagnosis and therapy). The passive function 
can be particularly useful when assessing the value 
of new or different SVT discriminators.

The theory behind SVT discrimination is the 
same clinical judgment that doctors and nurses use 
every day when assessing a patient’s ECG or intrac-
ardiac electrogram. For example, when a patient has 
a rapid ventricular rate, most clinicians would ex-
amine that patient’s atrial rate. Is there some form of 
atrial tachyarrhythmia? Clinicians would also check 
as to whether the rhythm disorder started gradually 
or abruptly. A ventricular arrhythmia often starts 
abruptly. A discerning clinician would examine the 
ventricular rate for regularity, stability, and the mor-
phology of the QRS complex. If the QRS complex 
looks normal, then there is a good chance that the 
rhythm is conducted. But if the QRS is distorted, then 
it suggests that there is a different site of origin for the 
arrhythmia. ICDs use these very same techniques in 
the form of algorithms incorporated in the device.

Rate Branch

Available in dual-chamber ICDs only, Rate Branch 
is a fairly straightforward algorithm that has con-
siderable power to discriminate SVTs from VTs (see 
Fig. 9.1). In old-fashioned diagnosis of an arrhyth-
mia with a known rapid ventricular rate, most clini-
cians would immediately look at the atrial rate. If 
the ventricular rate is the result of rapid response 

to an atrial tachyarrhythmia, then the atrial rate 
should be faster than the ventricular rate. By the 
same token, a tachycardia originating in the ventri-
cles (VT) would not involve the atria, which would 
be beating at a normal rate.

The ICD determines the patient’s ventricular rate 
and the patient’s simultaneous atrial rate. If the ven-
tricular rate is less than the atrial rate (V < A), then 
the device diagnoses this as atrial fl utter or AF. This 
is an SVT and the ICD would automatically inhibit 
therapy.

On the other hand, if V > A, that is, the ventricu-
lar rate was more rapid than the atrial rate, the ICD 
would categorize this as VT and advance to deliver 
therapy.

In some cases, V = A, that is, there is 1:1 synchrony 
between atria and ventricles. In such cases, the ICD 
determines that this is either a sinus tachycardia or 
a rapid ventricular response to an atrial tachycardia. 
In either case, therapy is withheld (see Fig. 9.2).

In actual clinical practice, rhythm disorders can be 
deceptive. For example, what about a patient who has 
underlying chronic atrial fi brillation (AF) and devel-
ops a slow VT? The Rate Branch algorithm would re-
gard that as an SVT because the atrial rate surpasses 
the ventricular rate. For that reason, another SVT dis-
criminator is available which helps to sort out rapid 
ventricular rates caused specifi cally by AF.

Interval Stability

AF is a very rapid, erratic rhythm which conducts 
inconsistently through the AV node. The rapid ven-
tricular response associated with AF is characterized 

Atrial Cycle Length
Ventricular Cycle Length

V = A V > AV < A

Diagnosis: 
AF or A flutter 

INHIBIT THERAPY

Diagnosis: 
SVT 

INHIBIT THERAPY

Diagnosis: 
VT 

DELIVER THERAPY

Fig. 9.1 Rate discrimination. Rate branch 
compares the atrial and ventricular 
rates to reach its diagnosis, much as a 
clinician would do looking at an ECG. 
If V < A (that is, the ventricular rate 
is slower than the atrial rate), then 
the ICD diagnoses a supraventricular 
tachycardia. If V = A (that is, the 
ventricular rate is the same as the 
atrial rate), then the ICD diagnoses 
a supraventricular tachycardia. In 
both such cases, the ICD will inhibit 
therapy delivery. However, if V > A (the 
ventricular rate is faster than the atrial 
rate), the ICD diagnoses VT and will 
deliver the programmed therapy.
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by an irregular ventricular rhythm. On the other 
hand, a tachycardia originating in the ventricles usu-
ally has a more regular, albeit rapid rhythm. Thus, In-
terval Stability is a special SVT discriminator which 
assesses the stability of the ventricular rate. Interval 
stability in the form of regular R–R intervals is diag-
nosed as a VT (therapy is delivered), while instability 
in the R–R intervals is diagnosed as AF with rapid 
ventricular response, inhibiting therapy.

The default setting for interval stability may be 
a delta or variance of 80 ms. If the R–R interval 
changes by more than 80 ms over a programmed 

number of intervals, the rhythm is determined to be 
irregular. This leads to a diagnosis of AF with rapid 
ventricular response; no therapy is initiated.

On the other hand, if the R–R interval does not 
vary by the programmed delta value over the pro-
grammed number of intervals, the rhythm is diag-
nosed as VT and therapy is delivered.

For dual-chamber ICDs, Rate Branch can be 
combined with Interval Stability to enhance SVT 
discrimination. In single-chamber ICDs, Interval 
Stability can be used alone as an SVT discriminator. 
(See Fig. 9.3.)

0 11 12 13 14 15 16 17 18

S T T T T T

DDI DDI

T T T T T T T T T T T T TS

R

P

R R R R R R R R R R R R R R

Trigger

R R R R R R

691 301 344 363 344 352 344 332 363 344 344 352 375 352 344 363 340 355 340
586 371 352 352 352 352 352 352 352 352 352 352 352355 355 355 355 355355

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 I= 100 100 100 100 100D

Fig. 9.2 Therapy inhibited by rate branch. In this tracing, a tachycardia was detected (notice the row of Ts in the upper 
half of the strip). Rate Branch found that there was one-to-one correspondence in atrial and ventricular rates (V = A). This 
resulted in inhibition of therapy, shown on the strip as I= (therapy was inhibited because V = A).

VVI

T S T T T T T S S S S S S

RR R RR R R R R R R R R R R R R R R R R

242 234
434313 316 289 270 352 324 316 305 305 414 418 414 371 262 277 352 543 305 504 30

86 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100RS73 I<

Looks back over window (12)
Compares 2nd shortest with 2nd longest 

interval and calculates a difference or DELTA

Fig. 9.3 Therapy inhibited using interval stability. Here, the ICD detects a tachycardia (Ts) but determines that the interval 
stability varies by more than the programmed delta over the past 12 intervals. This means that the VT is irregular which, in 
turn, means that the tachyarrhythmia is actually an SVT (rapid ventricular response to AF). Therapy is inhibited.
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Sudden Onset

Sinus tachycardia is the result of an atrial tachycar-
dia in a heart with a relatively intact conduction 
system. Sometimes sinus tachycardia is the appro-
priate result of exertion or stress, while other times 
it is a relatively ‘normal’ ventricular response to an 
abnormal atrial tachyarrhythmia (not AF). Patients 
who get sinus tachycardia present a special dilemma 
for the ICD’s discrimination algorithms. Patients 
who get both dangerous forms of VT and appropri-
ate sinus tachycardia may have sinus tachycardia at 
rates that exceed the VT rates. Diagnosing rhythm 
disorders that fall in this ‘overlap’ area of appropri-
ate sinus tachycardia and potentially dangerous 
(and treatable) VT requires a special discrimination 
algorithm known as Sudden Onset.

Sinus tachycardia is characterized by a gradual 
onset, often brought about by physiological demand. 
On the other hand, VT tends to start abruptly. Thus, 
just as a clinician might scan an ECG to see if a rapid 
ventricular rate came on suddenly or built up gradu-
ally, the Sudden Onset algorithm looks at the change 
(delta) in interval measurement from nontachycar-
dia to a binned tachycardia interval. For instance, if 
the sudden onset delta was programmed to a typical 
value of 100 ms, the SVT discriminator would see 
if the change (from nontachycardia to tachycardia 
intervals) is less than or greater than the program-

mable delta. If the actual change is greater than the 
programmed delta (in this case, > 100 ms) then the 
device diagnoses the arrhythmia as VT and delivers 
therapy. On the other hand, if the actual change is 
less than the programmed delta (again, using our 
example < 100 ms), then the device diagnoses this 
rhythm disorder as an SVT and withholds therapy 
(see Fig. 9.4).

Sudden Onset may be used together with AV Rate 
Branch (in dual-chamber devices) or alone (in single-
chamber systems).

Morphology Discrimination

Just as an experienced clinician would examine the 
morphology (shape) of QRS complexes on an ECG 
to help gain insight into the origin of an arrhythmia, 
the Morphology Discrimination (MD) algorithm 
allows that same sort of morphology comparison 
to occur – except it is done automatically as an SVT 
discrimination algorithm. It has long been known 
that the morphology of the QRS complex on an 
ECG varies in shape depending on where the beat 
originates. In an SVT, the initial impulse originates 
in the atria (or at least above the ventricles) and 
travels through the His–Purkinje network to the 
ventricles. This produces a characteristic waveform 
that varies somewhat between patients but is rela-
tively consistent within a single patient.

R

DDI

SS S S T T T T T T T T T T

R

P P P P P

R R R R R R R R R R R R R R

574

578
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582

574
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578

461

543 359 367 355 355 344 359 363 359 359 359 3

359 355 355 355 352 359 355 359 359 363 359 363

39 48 31 31 28 34 28 28 22

Nontachycardia
Intervals

Tachycardia
Intervals

Fig. 9.4 Sudden onset inhibits therapy. In this rhythm strip, the nontachycardia intervals are compared to the tachycardia 
interval and the difference or change (delta) is compared to a programmable delta value. If the difference exceeds the 
programmed delta, then the arrhythmia is diagnosed as VT and therapy is delivered. If the difference is less than the 
programmed delta, then the arrhythmia is diagnosed as an SVT and therapy is inhibited.
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VT, on the other hand, originates in the ventri-
cles, does not involve His–Purkinje conduction, 
and results in a different QRS morphology on the 
ECG. Thus, by storing a QRS known to be caused 
by a beat originating in the atrium, subsequent QRS 
complexes could be compared and ‘matched’ (or 
not matched) to that QRS morphology. QRS com-
plexes of similar shape would be presumed to be 
ventricular beats of atrial origin (and when the ven-
tricular rate is rapid, this would indicate an SVT). By 
contrast, QRS complexes of signifi cantly different 
morphology would be presumed to be ventricular 
in origin and any rapid ventricular rate would be the 
result of a VT (see Fig. 9.5).

Since there is considerable patient-to-patient 
variation in QRS morphology, the Morphology 
Discrimination requires the clinician to fi rst estab-
lish a template for a sinus QRS. This is done when 
the algorithm is fi rst activated at a programming 
session. Since heart patients may have conditions 
which change over time and affect the QRS shape, 
the template can be updated manually at subsequent 

follow-ups or even automatically. This template be-
comes the standard against which QRS complexes 
are evaluated.

When an arrhythmia interval is fi rst detected, 
the process of morphology ‘scoring’ begins. Scor-
ing continues until an arrhythmia is diagnosed. The 
ICD compares the arrhythmic QRS waveforms to 
the stored sinus template. If a match is made (and 
the nominal settings for match are 60%, but this 
value can be adjusted), then the ICD diagnoses the 
arrhythmia to be sinus in origin, that is, an SVT and 
therefore inhibits therapy. The match has to meet 
or exceed the programmed percentage criteria for 
a programmable number of intervals (for example, 
fi ve out of eight intervals).

On the other hand, if a non-match is determined 
over a period of intervals, the arrhythmia is diag-
nosed as VT. These results are annotated on the 
stored electrogram. (See Fig. 9.6.)

Morphology Discrimination can be used in sin-
gle- or dual-chamber ICD systems and can be used 
in conjunction or without other SVT discrimina-
tors. (See Fig. 9.7.)

Programming SVT discriminators

While SVT discriminators are individually fairly 
easy to understand, programming an ICD for SVT 
discrimination requires an appreciation of how all 
of these criteria could potentially interact. If only 
one discriminator is used, it is easy. But if several 
are used – in particular with AV Rate Branch – then 
a decision has to be made as to which criterion or 
criteria determine the diagnosis. For example, if 
Rate Branch and Morphology Discrimination and 
Sudden Onset are all programmed on, is the ar-
rhythmia diagnosed if Rate Branch determines it is 
VT but Morphology Discrimination does not? And 
what if Rate Branch and Morphology Discrimina-
tion both indicate a VT … must Sudden Onset also 
agree or can therapy be delivered without it? (See 
Fig. 9.8.)

Using several SVT discriminators helps to assure 
the most reliable arrhythmia diagnosis. When possi-
ble, it is recommended that clinicians take advantage 
of these algorithms, except in cases when they might 
possibly provide confounding or misleading infor-
mation. Some devices offer a special safety feature 
called Maximum Time to Diagnosis or Maximum 

Sinus

VT

Fig. 9.5 QRS Morphologies. A QRS that originates from the 
sinus is typically narrower and ‘sharper’ than a QRS that 
originates from a ventricular source. In this example, the 
normally conducted QRS complex is darker, while the QRS 
of a ventricular tachyarrhythmia appears lighter.
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Fig. 9.6 MD inhibits therapy. This stored electrogram indicates that once an arrhythmia interval was detected, the 
Morphology Discrimination went into action. The T annotation indicates a tachycardia interval. The numbers below (39, 
48, 31) indicate the percentage match compare to the stored waveform. The X above indicates an interval in which the 
match criterion was not met. In this case, the match had to be 60% in fi ve out of eight tachycardia intervals. The match 
was not made, so the ICD diagnosed this arrhythmia as a VT and would prepare for therapy.
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Fig. 9.7 MD inhibits therapy with 100% match. This patient experiences a run of tachycardia intervals but the Morphology 
Discrimination match (note the series of 100 annotations for 100% match) allows the device to diagnose an SVT and 
withhold therapy. Without SVT discrimination, this patient would likely have been subjected to a series of painful and 
inappropriate shocks.
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Median Atrial Rate 
Median Ventricular Rate

RATE BRANCH

RATE CRITERIA MET

V = A V > AV < A

Morphology Discrimination
(MD)

Interval Stability

AF or 
A Flutter
SVT with

Multiblock
VT 

Inhibit
Therapy

Deliver
Therapy

ST/SVT VT 

Inhibit
Therapy

Deliver
Therapy

VT/VF 

Deliver
Therapy

Morphology Discrimination
(MD)

Sudden Onset

Diagnosis

Time to Fib Therapy, which limits the amount of 
time that algorithms can be ongoing. This prevents 
SVT discriminators from withholding therapy over 
a prolonged period of time for a continuing rhythm 
disorder. This is covered in more detail in Chapter 
12 (Special features).
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The nuts and bolts of SVT discrimination

• Inappropriate therapy can distress the patient, 
drain the ICD battery, and place a burden on the 
clinicians who care for the patients. Minimizing 
or eliminating inappropriate therapy is very 
important for successful long-term ICD therapy.

• Inappropriate therapy is ICD therapy delivered 
in an attempt to terminate a rapid ventricular 
rate caused by a supraventricular tachycardia 
(SVT). An SVT is any tachyarrhythmia that 
originates above the ventricles.

• An ICD initially detects the ventricular rate 
interval. SVT discriminators come into play to 
help determine if the rapid ventricular rate is the 
result of an atrial tachyarrhythmia with rapid 
ventricular response or a ventricular tachycardia 
(VT).

• There are several available SVT discriminators 
which may be used individually or in 
combination. Available discriminators vary 
by device confi guration (single-chamber 
versus dual-chamber) as well as by model and 
manufacturer.

• No SVT discriminators are available for the fi b 
zone.

• The main SVT discriminators are Rate 
Branch (comparison of atrial and ventricular 
rates), Interval Stability, Sudden Onset, and 
Morphology Discrimination.

• Sensitivity means that an ICD can detect VT 
and VF; specifi city means that it can distinguish 
between VT and SVT. 100% sensitivity is vital, 
but 100% specifi city is not yet achievable.

• SVT discriminators use the same logic that a 
clinician would when studying an ECG with 
a rapid ventricular rate. They asses the atrial 
rate, the ventricular rate stability, and the QRS 
morphology.

• Rate Branch (available only in dual-chamber 
ICDs) compares the atrial to the ventricular 
rate. If A > V, then the arrhythmia is diagnosed 
as an SVT. If A = V, the arrhythmia is diagnosed 
as sinus tachycardia. In both cases, therapy is 
inhibited. On the other hand, if V > A, VT is 
diagnosed and therapy is delivered.

• Since patients can have AF simultaneously with 
a VT, Interval Stability compares R–R interval 

stability. If the R–R intervals are stable, the ICD 
diagnoses VT and proceeds to therapy. If the 
R–R intervals are unstable, the ICD assumes that 
AF is in progress, diagnoses SVT, and inhibits 
therapy.

• Sudden Onset compares nontachycardia 
intervals to tachycardia intervals and determines 
if the difference is greater than a programmable 
delta value (typically about 100 ms). If the 
difference exceeds the delta, the arrhythmia 
is determined to have started suddenly and is 
diagnosed as a VT. The ICD proceeds to therapy. 
On the other hand, if the difference does not 
exceed the delta, the arrhythmia is diagnosed as 
an SVT and therapy is withheld.

• Morphology Discrimination (MD) compares 
the patient’s own sinus QRS complex to his or 
her QRS complexes during tachycardia and 
determines a match based on percentage (a 
60% match is the nominal setting). If MD fi nds 
the proper degree of match in a programmable 
number of intervals (typically fi ve out of 
eight), then the complexes match and the ICD 
diagnoses SVT and withholds therapy. On 
the other hand, if MD cannot match a sinus 
template to the current QRS complex in a 
programmable number of intervals, the ICD 
diagnoses VT and delivers therapy.

• When fi rst programming Morphology 
Discrimination, the clinician obtains a sinus 
complex to use as a match. Since patients’ 
conditions change over time, it is recommended 
to periodically update this template, either 
manually during subsequent programming 
sessions, or using an automatic update feature.

• While in theory it is a good idea to program 
the maximum amount of SVT discriminators, 
care must be taken to avoid programming 
discriminators in patients in whom 
confounding data might occur. Too many 
discriminators may cause the ICD to inhibit 
needed therapy.

• While SVT discrimination has not eliminated 
inappropriate therapy, when properly 
programmed, these algorithms can prevent 
unnecessary shocks in many patients.
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10 CHAPTER 10

Bradycardia pacing

Defi brillators deliver therapy to the right ventri-
cle. Common descriptions of ICDs such as ‘single-
chamber ICD’ or ‘dual-chamber rate-responsive 
ICD’ or even the newer ‘CRT-ICD’ refer not to any 
refi nement of the defi brillation capacity of the de-
vice, but to the low-voltage pacing therapy offered 
by the system. The fi rst ICDs offered no bradycardia 
functionality, but gradually more and more pace-
maker-type features were added. Today, it is pos-
sible to implant an ICD with all of the capabilities 
of a full-featured dual-chamber rate-responsive 
pacemaker. A new category of device incorporates 
cardiac resynchronization therapy devices (CRT 
devices which require a left ventricular lead) with 
an ICD. These devices are called CRT-D systems or 
sometimes CRT-ICDs.

Since it is not uncommon for some patients to 
have multiple rhythm disorders, some ICD patients 
also have standard bradycardia pacing indications. 
For these patients, the bradycardia features of an 
ICD should be programmed to provide them with 
the necessary rate support. Other ICD patients may 
not have a bradycardia indication, but may still ben-
efi t from post-shock pacing.

For the clinician following an ICD, it is important 
to program the pacing function properly. Unnec-
essary pacing has been shown to exacerbate heart 
failure, at least in some patients with compromised 
systolic function.1 On the other hand, many patients 
with heart disease benefi t from conventional pac-
ing. The pacing prescription is adjusted by means of 
a variety of familiar pacing parameters.

Mode and timing parameters

The mode is a letter code system which describes 
where the pacing occurs (fi rst letter), where sensing 
occurs (second letter), and what happens when an 
event is sensed (trigger, inhibit). A fourth letter may 

be used if rate-responsive settings and the sensor 
are active. Thus, DDDR pacing involves dual (both 
atrial and ventricle) pacing, dual sensing, a dual re-
sponse (the device may trigger an output or inhibit 
an output when an intrinsic event is sensed), and 
has rate response. In VVI mode, the device paces 
and senses in the ventricle, inhibits in the presence 
of sensed activity, and has no rate response.

The most typical mode selections for ICD pa-
tients are DDDR, DDD, DDIR, DDI, VVIR, and 
VVI. So-called ‘asynchronous pacing modes,’ which 
do not sense but deliver output pulses regardless of 
the presence or absence of native activity, should 
only be used in ICD patients with extreme caution. 
Programming such a mode (DOO, VOO) may not 
be possible in an ICD, or may only be possible as a 
temporary setting or if the defi brillator function is 
turned off. Even in such limited applications, asyn-
chronous pacing is not recommended in ICD pa-
tients because asynchronous pacing can result in the 
R-on-T phenomenon, in which a pacemaker output 
is delivered during the vulnerable portion of the T-
wave, initiating a ventricular arrhythmia. Asynchro-
nous pacing may also produce competitive pacing, 
that is, pacing which competes with intrinsic activ-
ity. If this occurs, the ICD might double-count the 
cardiac events (both sensed and paced) and deliver 
an inappropriate shock.

The base rate of the pacemaker refers to the rate at 
which the device will pace the heart in the absence of 
intrinsic activity. If the base rate is programmed to 
70 ppm, the pacemaker will pace the heart whenever 
the intrinsic rate falls below 70 ppm. If the intrinsic 
rate is 70 ppm or greater, then the pacemaker out-
put is inhibited. Pacemaker base rates are generally 
available in a range from about 40 ppm to 100 ppm, 
with 60 ppm nominal in most devices. Note that a 
higher base rate may require the pacemaker to pace 
more often, potentially using up battery reserves. 
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For patients who are not indicated for bradycardia 
pacing, programming a low base rate (for example, 
40 ppm) assures that the device will be inhibited – 
that is, withhold delivery of an output pulse – most 
of the time, yet be available if the patient’s heart rate 
ever drops to a very low level.

Rest rate is a relatively new pacemaker feature 
which allows the pacemaker to slow down during pe-
riods of sleep or profound inactivity. This allows the 
pacemaker to mimic the body’s normal physiologic 
rate decrease during rest. Pacing at higher rates (say, 
60 or 70 ppm) can be uncomfortable when a patient 
is trying to sleep. The rest rate may be programmed 
on or off, and when activated, may be set to a rate 
within a broad range (often about 35–95 ppm). 
Some devices rely on clock time, as programmed 
into the ICD, to determine when rest rate goes into 
effect and how long it lasts. Auto rest rate is a more 
advanced feature which uses the device’s sensor to 
detect inactivity and then invokes the rest rate set-
ting in 15–20 minutes after the patient has stopped 
activity. This frees the patient from having to sleep 
according to a prescribed bedtime and also allows 
the patient the benefi ts of rest rate during daytime 
naps or travel through different time zones.

Hysteresis allows the clinician to program a rate 
below the base rate which will inhibit the pacemak-
er. When hysteresis is activated, the pacemaker will 
pace at the programmed base rate (say 60 ppm). 
However, if hysteresis is programmed to 50 bpm, 
the pacemaker will remain inhibited as long as the 
patient’s intrinsic rate is 50 bpm or higher. Hys-
teresis encourages the intrinsic activity to prevail, 
which is advantageous for most pacing patients. It 
also assures that pacing will occur if the native rate 
falls below a certain limit. Note that if a device had a 
base rate of 60 ppm and a hysteresis rate of 50 bpm, 
the device would not pace if the patient’s rate was 
55 bpm. However, if the patient’s intrinsic rate was 
49 bpm, the device would then commence pacing 
at the programmed base rate value of 60 ppm. For 
that reason, there should not be a vast gap between 
the programmed base rate and hysteresis rate. A 
special feature called ‘search’ allows the pacemaker 
to inhibit all pacing at regular intervals (typically 
every 5 minutes) for a brief period of time to allow 
intrinsic activity to break through and possibly in-
hibit the device. Hysteresis with search is one of the 
best tools to encourage a patient’s intrinsic rhythm 

to inhibit pacing, while still providing the benefi ts 
of potential pacing support if the rate drops below 
a certain level.

Rate-responsive ICDs usually require the clinician 
to activate a sensor function (typically On or Off) 
and then program some general rate-responsive
settings. Rate-responsive pacing allows the pace-
maker to increase the paced rate when the sensor 
determines that the patient is active. Likewise, when 
the patient is not active, the pacing rate goes back 
down to the programmed base rate. For active, 
younger, or fi tter patients, rate-responsive settings 
help them maintain their vigorous lifestyle. Even 
patients who are not very active may still benefi t 
from rate response.

When programming additional rate-responsive 
parameters, the main concern should be how ag-
gressive the increase in rate should be to meet the 
patient’s needs. The ICD may offer automated pa-
rameters such as Auto Slope and Auto Threshold 
which monitor stored data and adjust parameters 
based on the patient’s previous activity. This re-
quires minimal monitoring by the clinician (pro-
gram on), yet fi ne-tunes rate response to meet the 
individual needs of the patient.

The AV delay is a routine pacemaker parameter, 
which requires careful adjustment in an ICD pa-
tient. This parameter allows the clinician to deter-
mine how much time must elapse between an atrial 
output and the next ventricular output (in the ab-
sence of intrinsic ventricular activity). Setting an AV 
delay affects the alert period of the device. A short 
AV delay creates a longer alert period, which allows 
the ICD to sense more intrinsic activity than a long 
AV delay would. For that reason, a short AV delay 
can enhance arrhythmia detection, while a long AV 
delay can limit arrhythmia detection. Most ICDs 
limit the programmable values for AV delay based 
on the programmed base rate. For example, if the 
base rate is set somewhere in the range of 45–85 
ppm, then the maximum allowable AV delay is 350 
ms. The programmer will not allow longer AV de-
lays to be programmed.

The PV delay is a similar timing parameter, ex-
cept that it sets the length of time between a sensed 
atrial event and the next ventricular output (in the 
absence of sensed ventricular activity). Typical val-
ues for the PV delay (sometimes called the sensed 
AV delay) range from about 25 to 325 ms.
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An advanced parameter called Rate-Responsive 
AV/PV Delay may be available in some ICDs. This 
parameter is not a rate-responsive setting. It gets its 
name because it allows the AV/PV delay to vary in 
length in response to the patient’s rate, thus mim-
icking the behavior of the healthy heart. If the pa-
tient’s rate goes up, the AV/PV delay shortens auto-
matically. This parameter is set by using values of 
high, medium, low and off, with the default setting 
of medium.

A very important pacing parameter for an ICD 
patient is the ventricular pace refractory period. This 
programmable setting determines an absolute re-
fractory period – during which no activity is sensed 
– which is initiated by the delivery of a ventricu-
lar output pulse. This parameter is very important 
because it prevents the ICD from inappropriately 
sensing ventricular events and counting (or rather 
mis-counting) them. A wide range of ventricular re-
fractory period settings may be available, typically 
in a range from about 135 to 470 ms with a nominal 
setting of around 250 ms.

Dual-chamber pacing allows the device to sense 
and pace the atrium and ventricle. Intrinsic atrial 
activity will cause the pacemaker to try to pace the 
ventricle to keep up and maintain 1:1 AV synchrony. 
When the patient’s rate is relatively low, this ‘atrial 
tracking,’ as it is known, allows the pacemaker to 
mimic the healthy heart. For example, if a patient 
is walking up stairs and the sinus node starts to fi re 
at around 90 or 100 bpm, the pacemaker will pace 
the ventricles in response to the atrium, delivering a 
ventricular output pulse in response to each sensed 
atrial event.

The problem with atrial tracking is atrial tachyar-
rhythmias. The Maximum Tracking Rate (MTR) is a 
programmable parameter which sets a ‘speed limit’ 
on how fast the ventricles can be paced in response 
to atrial activity. Thus, the MTR defi nes the highest 
rate at which the ventricles can be paced in response 
to atrial activity. In an ICD, it is also necessary to 
program a Tachy Detection Rate or other param-
eter which determines the rate at which therapy to 
terminate a VT is initiated. There has to be a buffer 
between the Tachy Detection Rate (when therapy 
is delivered) and the MTR, otherwise the system 
would pace the patient to the point of therapy de-
livery! Most ICDs do not allow the MTR rate to be 
programmed to a very high value.

While most programmers will not allow confl ict-
ing parameter values to be programmed, the calcu-
lation behind this is very simple. Convert both rates 
to intervals (ms settings) and make sure that the 
Tachy Detection Rate is at least 30 ms longer than 
the MTR. For example, if the Tachy Detection Rate 
was programmed to 150 bpm (400 ms), then the 
MTR should not be faster than 430 ms (140 bpm). 
An even bigger gap is probably better.

Pacing in the presence of atrial tachyarrhythmias 
was a challenge that was effectively countered many 
years ago in the pacemaker community by a spe-
cial feature known as auto mode switch (AMS). If 
a dual-chamber pacemaker sensed very high-rate 
atrial activity (the value defi ning high-rate atrial 
activity could be programmed), it could effectively 
shut off the atrial channel until it determined that 
the atrial arrhythmia had terminated. This algo-
rithm became known as mode switching because 
it automatically allowed a device to go from DDD 
to VVI pacing. (Some devices allow the clinician 
to program the modes that are involved in a mode 
switch, for example DDD to VVIR or VVI, while 
others provide automatic default values. In all cases, 
the atrial channel is turned off.) The device moni-
tors the atrium and restores dual-chamber pacing as 
soon as normal atrial rates return.

The post-ventricular atrial refractory period 
(PVARP) is a dual-chamber pacemaker parameter 
which initiates a relative refractory period on the 
atrial channel after a sensed ventricular event or 
a ventricular output pulse (in DDI/R or DDD/R 
modes). During the PVARP, the device will not re-
spond to any sensed atrial activity, but it will count 
atrial events. For example, if a P-wave occurs during 
the PVARP, it will not inhibit the atrial output pulse. 
However, that P-wave will be counted to update the 
atrial interval average counter of the Rate Branch 
discrimination algorithm. The PVARP is generally 
programmable over a wide range of settings, typi-
cally from 125 ms to 470 ms with a value of about 
280 ms as a commonly used nominal setting.

Other advanced pacemaker parameters include 
PVC options and PMT options. The PVC Option 
allows the system to identify PVCs and automati-
cally initiate a longer than normal PVARP. This 
decreases the possibility of a pacemaker-mediated 
tachycardia (PMT). PMT options (programmable 
to On, Off, or Passive) use a combination of ret-
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rograde conduction times and stability to identify 
PMT. (The clinician may also program the PMT de-
tection rate, which determines how fast a PMT must 
occur before the algorithm is activated; the nominal 
setting for this is 90 ppm.) If a PMT is detected and 

Parameter What it does Typical values* Comments

Mode Programs how pacing and sensing are 
carried out

DDD, DDDR, VVI, VVIR, 
may be others

Avoid asynchronous modes (DOO, 
VOO)

Base rate Determines how fast the pacemaker 
will pace in the absence of sensed 
activity

40–100 ppm; 60 ppm is 
a good default setting

A low base rate gives the patient’s 
intrinsic rate more opportunity to 
prevail

Rest rate Determines how low the base rate 
goes when the patient is resting

35–95 ppm, should be 
lower than the base 
rate

Auto Rest Rate uses a sensor to 
determine rest; some ICDs use clock 
time

Maximum 
tracking rate 
(MTR)

Determines the ‘speed limit’ or 
maximum ventricular pacing rate in 
response to tracked intrinsic atrial 
activity

90–150 ppm, nominal 
110 ppm

Make sure this is lower by at least 30 
ms (about 10 bpm) than the Tachy 
Detection Rate

2:1 Block rate Not programmable, this is an 
automatic calculation on the 
programmer

Not programmable Use to determine at what atrial rate 
2:1 block will occur

Hysteresis The pacemaker will not pace as long 
as the patient’s intrinsic rate is at or 
above the programmed hysteresis 
rate

35–95 ppm, also Off Should always be below the base 
rate. Allows patient’s own intrinsic 
rate more opportunity to prevail

Hysteresis with 
search

Hysteresis which ‘searches’ regularly 
for intrinsic activity, giving maximum 
opportunity for intrinsic rate to break 
through

Search is on or off; 
typically searches every 
5 minutes

Encourages patient’s native rhythm 
to predominate

AV delay Sets the timing cycle after an 
atrial output and before the next 
ventricular output pulse is delivered 
(in the absence of a sensed ventricular 
event)

35–350 ms, nominal is 
170 ms

The AV delay affects the alert period 
of the ICD. The shorter the AV delay, 
the longer the alert period and 
consequently, the more opportunity 
the ICD has to detect arrhythmias

PV delay Sets the timing cycle after an atrial 
sensed event and before the next 
ventricular output pulse is delivered 
(in the absence of a sensed ventricular 
event)

25–325 ms with a 
nominal setting of 
150 ms

Always goes into effect when an 
atrial event is sensed

Rate-responsive 
AV/PV delay

Automatically shortens AV/PV delay 
when the patient’s rate is higher than 
90 ppm

High, medium, low, off Has nothing to do with rate-
responsive (accelerometer-related) 
settings

Post-ventricular 
atrial refractory 
period (PVARP)

An atrial relative refractory period 
that begins when the ICD senses an 
atrial event or PVC or ventricular 
output pulse (in some modes)

125–470 ms, nominal 
280 ms

The ICD does not respond to atrial 
activity during PVARP, but still sees 
– and counts – atrial activity

Ventricular pace 
refractory

An absolute refractory period 
initiated by ventricular output

135–470 ms, nominal 
250 ms

Prevents the inappropriate 
sensing of ventricular events; this 
period is absolute, so no events 
are counted or responded to

Table 10.1 Characteristics of mode and timing parameters

the parameter ‘A Pace on PMT’ is programmed, the 
pulse generator withholds a ventricular output and 
delivers an atrial output pulse instead, 330 ms after 
the detected retrograde P-wave is sensed, in an effort 
to terminate the PMT. (See Table 10.1.)

Continued p.74.
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While pacemaker parameters may seem some-
what familiar to those used to dealing with low-
voltage devices, there are some special considerations 
in how the pacing function of an ICD functions.

Episodal pacing

ICD patients typically experience tachycardia epi-
sodes, which may or may not culminate in therapy 
delivery. During a tachycardia episode, the amount 
of pacing should be reduced as much as possible to 
prevent acceleration of the arrhythmia or to avoid 
potential mis-counting. The device defi nes a tachy-
cardia episode as starting with the binning of the 
very fi rst interval of the tachycardia and counts the 
tachycardia episode as terminated when the device 
can detect a return to sinus rate (RS).

After three intervals are binned as tachycardia 
intervals, the fourth interval (if tachycardia) initi-
ates episodal pacing. Unlike other device features, 

episodal pacing is not programmable and cannot be 
turned off. At the fourth tachycardia interval in the 
series, the pacemaker function of the ICD will:
• Switch the mode to DDI (dual-chamber systems) 

or VVI (single-chamber systems).
• Turn the sensor (if on) to Passive (thus disabling 

rate response).
• Disable ventricular safety standby (a cross-talk 

protection feature).
• Disable rate-responsive AV delay (an automatic 

shortening of the AV delay, which extends the 
alert period).

• Change the sensing threshold for bradycardia to 
the same as the sensing threshold for tachycardia.
These changes are all made in response to high-

rate ventricular activity. Disabling rate response, 
disabling the automatic AV delay shortening in the 
presence of high rate, and switching to tachycar-
dia sensing threshold settings all allow the device 
to focus on arrhythmia detection rather than pac-

Parameter What it does Typical values* Comments

Rate-responsive 
ventricular 
refractory period

Allows for ventricular refractory 
period to shorten automatically when 
the sensor-driven rates are above 90 
ppm

High, medium, low, off This has nothing to do with rate-
responsive (accelerometer) settings

Shortest refractory 
period

Determines the shortest allowable 
ventricular refractory period value

125–470 ms, nominal 
220 ms

Must be lower than the ventricular 
pace refractory value

Sensor Activates accelerometer or other 
sensor for rate response

On, off Useful in patients who may be 
active, fi t, or are chronotropically 
incompetent

Auto mode switch Temporarily turns off the atrial 
channel when atrial tachyarrhythmias 
are detected (thus, changes mode)

On, off, modes (DDIR to 
VVIR, and so on)

Useful when dual-chamber pacing 
is programmed in a patient with 
known atrial tachyarrhythmias

PVC options Determines how the device responds 
when a PVC (as defi ned by ICD) occurs

Off or A Pace on PVC Automatically extends PVARP in 
presence of PVC. Only available in 
DDD/R modes

PMT options Determines how the device 
responds when a PMT is detected 
(PMT detection rate must also be 
programmed)

Off, passive, or A Pace 
on PMT

When PMT is determined and A 
Pace on PMT is programmed, the 
ICD will withhold a ventricular 
output in the presence of a PMT and 
deliver an atrial pulse 330 ms after 
the detected retrograde P-wave in 
an effort to terminate the PMT

PMT detection 
rate

Determines how the ICD defi nes a 
PMT

90–150 ppm, nominal 
90 ppm

 

*These settings describe rate ranges common in some ICDs. Actual rate ranges and nominal values will vary by manufacturer 
and even by model from a single manufacturer. For that reason, please use this chart only as a rough rule of thumb. Consult 
the device manual for specifi c information about a given ICD.

Table 10.1 (Continued.)
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ing. Whether the device delivers therapy or the ar-
rhythmia resolves spontaneously, episodal pacing 
ends when the device determines that normal sinus 
rhythm has resumed (see Fig. 10.1).

Post-shock pacing

Therapy delivery obviously affects cardiac tissue, 
and patients in the immediate post-therapy stage 
may respond more favorably to different pacing 
parameter settings than the values normally used 
in conventional pacing. Post-shock pacing (PSP) 
offers programmable values to the clinician which 
go into effect after high-voltage (defi brillation or 
cardioversion) or ATP (antitachycardia pacing) 
therapy has terminated an arrhythmia. (Note that 
PSP does not go into effect after the shock-on-T 
function, which is used during testing for arrhyth-
mia induction.)

The clinician must fi rst program a value for 
pause, which defi nes how many seconds must 
elapse after therapy and before the onset of PSP. 
Programmable values are usually between 1 and 
7 seconds. It is generally recommended that some 
moments are allowed to elapse before commenc-
ing PSP, since immediate bradycardia pacing fol-
lowing a shock might be pro-arrhythmic. A few 
seconds can also give the traumatized cardiac tis-
sue some time to recover.

Also programmable is the PSP duration, which 
defi nes how long PSP pacing parameters will be in 
effect. The programmable range is 30 seconds to 10 

minutes. As a rule of thumb, the duration should 
be shorter in pacemaker-dependent patients (who 
need pacing support) and longer in those who can 
tolerate periods without pacing. In fact, when the 
clinician wants to inhibit competitive pacing (pac-
ing on top of an intrinsic rhythm) or avoid higher 
sensor-driven rates, a longer duration is recom-
mended.

For PSP, the clinician may program special 
mode, base rate, and output settings (pulse width 
and pulse amplitude). Available modes are non-
rate-responsive. It is recommended that a lower 
than usual base rate be programmed, since faster 
base rates (even the conventional base rate) can ac-
celerate the vulnerable cardiac tissue back into a 
tachyarrhythmia. Following a shock, the patient’s 
capture threshold may be temporarily elevated. The 
best way to compensate for this higher than usual 
capture threshold is to increase output settings: 
program a higher than normal pulse amplitude or 
a longer than normal pulse width. (Increasing the 
pulse amplitude adds more energy than extending 
the pulse duration; it may be useful to do both.) 
The nominal output settings for PSP are high: 7.5 
V (pulse amplitude) and 1.9 ms (pulse duration) 
and should not be decreased except with careful 
clinical consideration.

These are the general guidelines for PSP (see Fig. 
10.2):
• Lower base rate than normal pacing.
• No rate response.
• Higher outputs than normal pacing.

9 10 11 12 13 14 15 16

S S S S T T T T T T T T T T T T ATP

Trigger

100 100 100 100 100 100 100 100 100 100 100 100 0 0 D>00

444 445 441 441 426 418 418 418 418 418 414 414 418414 414 414 414

DDI

V Sense/Pace
9.2 mv/cm

A Sense/Pace
3.0 mv/cm

Markers

Seconds

3 Intervals 
binned as tach

Tach A DetectionD

Episodal Pacing begins 
on the next beat

Fig. 10.1 Episodal pacing. Episodal pacing starts after four consecutive T events. Normal pacing will not resume until sinus 
rhythm is restored.
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Special PSP parameters also go into effect after 
ATP or after a shock is aborted. In this case, the full 
range of PSP parameters do not go into effect. The 
only changes are:
• Rate-responsive AV delay is disabled.
• Sensor (accelerometer) is passive.

Fig. 10.2 Post-shock pacing. The ICD delivers a shock to terminate an episode of VF, which initiates the PSP timer. A pause 
of programmable duration ensues, followed by PSP at special PSP settings (slower base rate, higher outputs, no rate 
response). PSP is temporary and should be programmed to last only a short period of time (typically measured in seconds 
or a few minutes).
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V Sense/Pace
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Markers
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The PSP Timer starts 
at shock delivery

Tach A DetectionD

Post-Shock Pacing (PSP) controls rate 
and output after brady pacing pause

Return to Sinus begins the 
Post-Shock pacing mode

Reference

 1 Wilkoff BL, Cook JR, Epstein AE et al. Dual-chamber 

pacing or ventricular backup pacing in patients with an 

implantable defi brillator: the Dual Chamber and VVI 

Implantable Defi brillator (DAVID) trial. JAMA 2002; 

288: 3115–23.

The nuts and bolts of bradycardia pacing

• Most ICDs offer full-featured pacemakers 
which allow a wide range of programmability to 
meet the needs of a broad base of patients. For 
patients with a bradycardia pacing indication, 
the ICD should be programmed to meet those 
needs.

• Some pacemaker parameters may affect how 
the ICD works and should be programmed 
judiciously. These include AV delay, rate-
responsive settings, and the maximum tracking 
rate (which should always be lower than the 
tachy detection rate).

• If an ICD patient is not indicated for cardiac 
pacing, it is best to program the pacemaker 
to a very low base rate, which would keep the 

pacemaker inhibited most of the time.
• Episodal pacing occurs when the ICD detects 

a tachycardia. The purpose of episodal pacing 
is to minimize pacing during a potential 
tachyarrhythmic episode.

• Post-shock pacing (PSP) allows pacing at 
different parameters immediately following 
therapy, when cardiac tissue may be traumatized 
and vulnerable.

• In general PSP values are a low base rate and 
high output. The clinician must also program a 
pause (between therapy and onset of PSP) and 
duration of PSP. Pacemaker-dependent patients 
need a short period of PSP.

Return to Sinus begins the
Post-Shock Pacing mode
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Electrograms

The advent of implantable devices has given rise 
to the prevalence of the intracardiac electrogram, 
sometimes called an IEGM but more commonly 
known today as an electrogram or EGM. Unlike a 
surface ECG, which creates a tracing of the patient’s 
cardiac rhythm based on electrical signals picked 
up from the surface of the skin, an intracardiac 
electrogram relies on the sensing capabilities of the 
lead electrodes located within the heart itself. An 
electrogram is an ‘inside look’ at what is going on 
in the heart. In the EGM, the lead reports what it 
‘sees’ going on in the heart. Thus, the electrogram 
is the most precise way of understanding how the 
ICD sees the heart’s rhythm. In fact, the ICD bases 
its therapeutic, diagnostic, and pacing decisions on 
the electrogram.

The electrogram looks different to a surface 
ECG, yet there are many points of similarity. Like 
an ECG, the electrogram illustrates cardiac activity 
in the form of a tracing, which describes electrical 
variations (usually in the form of curves or spikes) 
from a baseline. The electrogram is recorded from 
an electrode, which may be located in the atrium or 
the ventricle. Some ICDs allow a composite signal to 
be created from atrial and ventricular inputs. Differ-
ent channels can provide different vantage points, 
but should not camoufl age the events. Annotations 
on the programmer and printouts can facilitate ori-
entation. For most clinicians, the transition from 
surface ECG to electrogram and vice versa is an easy 
leap. In fact, it’s one they make every day, sometimes 
in the same session.

The programmer used in following an ICD will 
most likely offer a real-time running surface ECG 
parallel to the electrogram. These different anno-
tated tracings provide a comprehensive all-round 
view of cardiac activity.

Electrograms are available real-time or stored. 
A stored electrogram has been frozen in time and 

stored in the memory of the device for subsequent 
download and analysis by the clinician. While stored 
electrograms are the mainstay of ICD follow-up, 
some introductory information is offered on the 
topic of real-time electrograms.

Real-time EGMs

Just like they sound, real-time EGMs provide a ‘live’ 
view of cardiac activity as seen by the electrodes of 
the ICD leads. Most ICD programmers allow con-
siderable versatility in programming by offering 
options that let clinicians determine just what they 
want to see. Real-time ECGs can often be played 
simultaneously and parallel to real-time EGMs. For 
dual-chamber ICDs, clinicians can select atrial or 
ventricular electrograms. Some programmers will 
allow both to be displayed, or special EGMs, which 
may be a composite version of atrial and ventricular 
data.

Most programmers have a gain control button 
on the programmer, which should be left to an 
automatic or default setting when viewing real-time 
electrograms. Gain regulates how the signal data ap-
pear on the screen. The automatic or default setting 
is regulated so that signal data appear on the screen 
properly. Adjusting gain can distort the electro-
gram and should only be done under very careful 
consideration or with expert guidance. Sometimes 
another function called Update Auto Gains is avail-
able which automatically updates the gain on each 
waveform. This is a good automated feature to use 
to assure that the tracing can be viewed properly.

Annotations have grown so prevalent in device 
follow-up that most clinicians cannot really re-
member ECG interpretation without these markers. 
Annotations appear as letters, symbols or codes both 
to help clinicians navigate the strip and to show con-
clusively how the ICD categorized certain events. 
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78  The Nuts and Bolts of ICD Therapy

Because annotations vary from company to com-
pany (and sometimes even by devices from a single 
company), it is recommended to check with either 
the physician’s manual or a programmer screen to 
learn the code for a particular system. Nowadays, 
many programmers offer a screen with a Marker 
Legend or other information of this nature for fast, 
easy reference during programming sessions.

Since ICDs categorize cardiac events and intervals 
for diagnostic (‘binning’) and detection purposes, 
these annotations appear prominently on the electro-
gram on a Defi brillator Status line, typically upper-
most above the electrogram. Bin categories should be 
listed here (for instance B for brady, S for sinus, T for 
Tach A, TB for Tach B, F for fi b, and R for reconfi rma-
tion) along with information on arrhythmia detec-
tion. When the ICD has diagnosed an arrhythmia, a 
D should appear. DN means a diagnosis was made 
but no therapy was delivered (there are several pos-
sible explanations for this response). Depending on 

what supraventricular tachycardia (SVT) discrimi-
nation algorithms are activated, symbols indicating 
how Rate Branch evaluates the rate (< means V < A, 
while > means V > A) and Morphology Discrimina-
tion matches (X indicates a non-match while a check 
mark means match) will also appear. The Defi bril-
lator Status line will also contain information on 
any therapies that are delivered; the annotation HV 
stands for high-voltage shock therapy delivery.

Below the Defi brillator Status line are numerical 
interval timing data, which may be color coded for 
rapid assessment. In St Jude Medical systems, blue 
numbers indicate atrial interval data while red data 
offer V–V timing interval data. Below the blue and 
red numbers are annotations and horizontal bars, 
graphically depicting the refractory periods (nu-
merical data also appear below that in black). The 
horizontal bars may also be color coded; blue for 
atrial refractory timing cycles, red for ventricular. 
(See Figs 11.1 and 11.2.)
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Fig. 11.1 Electrogram markers from an ICD. The surface ECG appears on the top. Below it, in parallel, is the electrogram. 
Annotations are listed in the legend.
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Most programmers allow clinicians to control the 
markers that appear on an EGM. Other settings that 
can be adjusted for the electrogram include sweep 
speed, ECG fi lter, and grid. The sweep speed defi nes 
the speed of the data display and should be famil-
iar to clinicians who work with ECGs. There may 
be more programmable sweep speed options for a 
stored electrogram than a real-time one. The default 
setting is 25 mm/s.

The ECG fi lter applies only to the surface ECG 
and works to help control noise that can sometimes 
interfere with the ECG. By turning on the ECG fi lter, 
a digital fi lter is activated which helps get rid of some 
of the stray signals and other interference (‘noise’) 
that can impair a clear ECG.

Some programmers today even allow clinicians 
the option of viewing the tracings against a grid or 
without the grid. This function is clearly a matter of 
clinician preference.

Real-time EGMs along with parallel real-time 
surface ECGs provide valuable information during 

most routine programming and follow-up sessions. 
The electrogram shows the clinician how the device 
is interpreting the patient’s cardiac activity at that 
particular moment. While this is a useful feature 
that most ICD clinicians will use regularly, the most 
valuable information from an ICD generally comes 
from stored electrograms.

Stored electograms

The main purpose of a stored electrogram is to cap-
ture actual episode data from a patient. The stored 
electrogram feature allows these data to be stored in 
memory, so that they can be retrieved subsequently 
for analysis by the clinician. In order for the ICD to 
know what sort of episode data are desired, storage 
parameters for the system have to be programmed 
in advance. These parameters should be chosen 
carefully, since they determine what the ICD will 
record (and how it will depict it) should a tachycar-
dia episode occur.
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Fig. 11.2 Electrogram markers from an ICD. Some programmers provide color coding (not shown here), which allows for 
even more rapid visualization of what the ICD is seeing. The marker legends show event defi nitions.
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The size and memory constraints of the ICD 
impose some restrictions on just how many elec-
trograms can be stored in memory and how much 
time these particular electrograms can run. Data 
compression techniques employed by these ICDs 
mean that storage times are never exact, although 
most manuals or specifi cation sheets will provide 
good general values. ICDs can store more single-
channel (atrial only or ventricular only) data than 
dual-channel data (atrial and ventricular data). 
While dual-data are generally more comprehensive 
and revealing, they burn up a lot of memory. For 
patients likely to need the benefi t of more than one 
electrogram or longer electrograms, single-channel 
data may be preferable. On the other hand, for pa-
tients who do not often have episodes and for whom 
the clinician would like to see the most detailed data 
possible, dual-channel electrograms might be the 
better choice.

Clinicians may have the opportunity to program 
storage parameters for more than one electrogram. 
Probably the most important programming choice 
in setting up storage parameters is to decide the 
source (that is, data from which electrodes) of the 
electrogram. Since the ICD makes its own detection 
and diagnosis decisions based on information from 
the atrial and ventricular electrodes, the two settings 
A Sense/Pace (atrial electrodes) and V Sense/Pace 
(ventricular electrodes) are the most useful for the 

majority of patients. A default setting for stored 
electrograms is often A and V Sense/Pace.

In certain situations, it may be preferable to 
record electrogram data from a different source. 
Clinicians can program this custom EGM source 
using programmable options that allow them to 
select an anode (positive pole) and a cathode (nega-
tive pole) from a variety of choices. These choices 
specify the electrode (V tip and V ring, for instance, 
are the distal and proximal electrodes, respectively, 
of a bipolar lead) and even the ICD can itself (see 
Fig. 11.3).

While custom sources are not commonly pro-
grammed, they can provide valuable data for spe-
cifi c cases. By programming custom sources such as 
tip of the pacing or sensing lead to the distal shock-
ing coil or ring, a near-fi eld EGM can be created. 
This near-fi eld EGM shows clinicians exactly what 
the device sees. This can be useful if the ICD oc-
casionally responds in ways that the clinician could 
not have predicted, or if there are potential prob-
lems with sensing.

By programming far-fi eld sources, such as setting 
up the electrogram to be captured from the distal 
shocking coil to the device can itself, a far-fi eld EGM 
can be recorded which actually looks similar to a 
surface EGM. This provides information on possi-
ble far-fi eld signals which sometimes can interfere 
with proper sensing (see Fig. 11.4).

Custom EGM Source

Programmed: RV to SVC Selected:

From (Anode +);

V-ring V-tip

RV

A-ring

Can

A-tip

SVC

To (Cathode -):

V-ring V-tip

RV

A-ring

Close

Can

A-tip

SVC

RV to SVC

Fig. 11.3 Customized EGM sources. While the default value for stored electrograms is usually an A and V sense/pace 
setting, custom EGM sources can be programmed for special applications, such as recording a far-fi eld or near-fi eld EGM. 
This screen allows a variety of sources to serve as the anode (positive pole) and cathode (negative pole).
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It is also possible to adjust the ‘dynamic range’ for 
stored electrogram signals. Intrinsic cardiac activ-
ity is stored in the device memory for subsequent 
retrieval. In order to compress and store this sort 
of data, it is sometimes necessary to eliminate the 
peaks or high points of some of the larger signals. 
This process of cutting signals down to size is some-
times called ‘clipping.’ The dynamic range deter-
mines the amplitude signal of an intrinsic P-wave 
or R-wave that can be stored before clipping. If you 
increase the dynamic range, that is, allow for larger 
signals before clipping occurs, the trade-off is lower 
resolution. On the other hand, if you want higher 
resolution electrograms, the trade-off is lower dy-
namic range. Note that the dynamic range is strictly 
a function of how the signals are displayed when the 
stored electrogram is retrieved – these changes in no 
way impact device sensitivity settings.

The clinician must next identify a trigger that will 
launch electrogram storage. The default setting is 
arrhythmia detection, which is defi ned as any time 
the programmed rate criteria are satisfi ed (for ex-
ample, 12 fi b intervals). As an option, the trigger can 
be programmed instead to diagnosis. Diagnosis is 
defi ned as a detected arrhythmia which also meets 
any qualifying criteria, such as Rate Branch or Mor-

phology Discrimination or other SVT discrimina-
tion algorithms. Finally, another electrogram trig-
ger is therapy; in such cases, an electrogram is only 
recorded when therapy is delivered.

Although the trigger defi nes when the electrogram 
goes into action, in actual fact, the ICD is continuous-
ly monitoring cardiac activity. As a result, it is possible 
to program the device so that the ‘pre-trigger interval’ 
is also captured in the stored electrogram. The pre-
trigger interval is defi ned as the time period imme-
diately preceding the trigger, and it is programmable 
in seconds, usually ranging from 2 to 30 (depending 
on device, number of channels, and other factors). 
For example, if diagnosis was programmed as the 
trigger with a 16-second pre-trigger interval, then 
once the arrhythmia was diagnosed (that is, detected 
and meeting other criteria), the electrogram would 
capture the 16 seconds immediately before that diag-
nosis. Although there is limited electrogram storage 
capacity, it is generally good clinical practice to record 
the longest pre-trigger interval allowable. The more 
activity that is recorded in advance of the trigger, the 
greater the likelihood there is that the event that initi-
ated the tachyarrhythmia will be recorded.

An electrogram stops storing 4 seconds after the 
ICD establishes sinus redetection, that is, the rate 
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Fig. 11.4 EGMs from different sources. The sources chosen for the stored electrogram affect how the tracing will look. The 
top EGM is a near-fi eld tracing, which is most similar to what the ICD ‘sees.’ The lower EGM is a far-fi eld EGM, which looks 
more like a conventional surface ECG.
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has been restored to a normal range. Many ICDs 
have dynamic storage capability, which means that 
they store electrograms of varying length and keep 
storing until the storage capacity is maxed out. 
However, sometimes rhythm disorders persist for a 
long time. For that reason, it is recommended that 
clinicians also program a maximum duration value 
for recording any single electrogram, usually pro-
grammable in minutes. The maximum duration 
simply caps the length of time that any one electro-
gram will be recorded. If an ICD was programmed 
to a 2-minute maximum duration, the electrogram 
would stop recording 4 seconds after sinus redetec-
tion or 2 minutes from after it started (it starts with 
the pre-trigger interval). Thus a 2-minute electro-
gram with a 16-second pre-trigger would actually 
store 16 seconds of pre-trigger interval followed by 
104 seconds of post-trigger electrogram (16 + 104 = 
120 seconds or 2 minutes).

Special events are broad terms used to refer to 
anything that the ICD will use as a trigger to initiate 
a stored electrogram (the pre-trigger interval also 
applies here as well). The events that can be used 
include typical ICD events (what the ICD defi nes as 
fi b, Tach A, Tach B, tach) or when certain parameters 
are invoked (entry into pacemaker mode switch, 
PMT termination algorithm, and so on). These are 
individually programmable and will cause an elec-
trogram to be stored in memory. However, because 
some of these events may occur frequently, the ICD 
will store only two such ‘special event EGMs’ at any 
given time. In addition, a special event EGM is short 
(16 seconds, of which 12 seconds is pre-trigger in-
terval).

Some special EGMs are not programmable. The 
following special events always trigger a 16-second 
stored electrogram (12-second pre-trigger):

• PC shock delivery.
• Successful template verifi cation.
• Entry into magnet reversion (this occurs when a 

magnet is placed over the implanted device).
• Exit from noise reversion, either atrial or ven-

tricular channel.
Since memory is limited, most ICDs have a strat-

egy to manage electrogram storage based on a fi rst 
in/fi rst out strategy. The idea is that the oldest elec-
trogram chronologically is the fi rst to be overwritten 
when new data comes in. Thus, clinicians reviewing 
stored electrograms are always examining the latest 
electrograms.

During a programming session, when an episode 
is being reviewed, the ICD programmer will auto-
matically offer the opportunity to view any stored 
EGM related to that particular episode. Episodal di-
agnostics are stored and easily accessed with episode 
information (see Fig. 11.5).

The programmer will also offer a display button 
to show all stored EGMs. Scroll keys allow the mate-
rial to be reviewed (see Fig. 11.6).

Stored electrograms are constantly being over-
written, so it is useful to print out any remark-
able electrograms for preservation in the patient’s 
records. When properly utilized, stored electro-
grams can provide valuable insight into the follow-
ing (see Fig. 11.7):
• The events or mechanisms initiating tachycardic 

episodes.
• The patient’s response to lower levels of therapy 

such as ATP or cardioversion.
• The adequacy of currently programmed device 

settings (or guidance as to how to optimize pro-
grammable parameters).

• The presence of SVTs.
• Arrhythmic episodes that resolve spontaneously.
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The nuts and bolts of electrograms

• A surface ECG creates a tracing that illustrates 
the heart’s electrical activity as it is recorded 
from the surface of the skin. An electrogram 
or EGM (sometimes called an intracardiac 
electrogram or IEGM) records a similar tracing 
but from electrodes within the heart (the ICD 
leads).

• An electrogram or EGM shows cardiac activity 
as the ICD sees it. Thus, if the ICD is behaving 
unexpectedly, the EGM will reveal how it 
records events.

• An EGM can be recorded from any of several 
programmable poles (anodes and cathodes) in 
the heart. Using the lead electrodes in the atrium 
and ventricle is appropriate in most cases. Far-
fi eld and near-fi eld electrograms can be used for 
special diagnostic purposes.

• Near-fi eld EGMs are closest to what the 
ICD ‘sees,’ while far-fi eld EGMs resemble 
conventional surface ECGs.

• EGMs are available real-time (‘live’ during a 
programming session) or stored.

• Stored EGMs are recorded after a triggering 
event, typically arrhythmia detection, diagnosis 
or therapy. In addition, some special events may 
trigger a stored EGM, such as entry in mode 
switching or a PC shock.

• The EGM includes in its recording a certain 
amount of data before the trigger point. This 
pre-trigger interval is programmable in seconds. 
As a general rule, the longer the pre-trigger 
interval (such as 16 seconds) the more likely it 

is that the event which initiated the tachycardia 
will be recorded.

• EGMs use annotations to mark intervals, 
categorize events, and provide other clues to 
help clinicians navigate the strip. Annotations 
may vary by manufacturer, but there is usually 
a legend key or description on the programmer 
screen as well as in accompanying product 
literature.

• EGMs are stored in the memory of the ICD, 
which has fi nite capacity. Most devices have 
dynamic storage options, which means 
electrograms of varying lengths are stored until 
the memory is maxed out. At that point, the 
device starts overwriting the oldest electrograms 
(fi rst in, fi rst out) so that when EGMs are 
downloaded, only the most recent are available.

• When programming stored electrograms, 
clinicians often have to balance pros and cons. 
For instance, single-channel EGMs (ventricular 
or atrial only) allow for more electrograms to be 
stored, but dual-channel EGMs provide more 
comprehensive information.

• Stored EGMs can be accessed from the 
programmer’s EGM display options or from the 
page where episode data are recorded.

• Stored EGMs provide a wealth of information 
on the mechanisms of the patient’s arrhythmias, 
possible initiating events, response to therapy, 
presence of SVTs, and even how well the 
currently programmed parameter settings are 
working.
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Special features

Every new ICD on the market arrives with innova-
tive new features and functions. While these new 
‘bells and whistles’ are the subject of a lot of promo-
tional activity, many clinicians only rarely use these 
advanced features. One reason they are not used as 
frequently as they ought to be involves the fact that 
they are new. New functions generally involve a bit 
of a learning curve, and most clinicians worry that 
they do not have time to even cover the basics, much 
less learn some new ‘tricks’ on the programmer. An-
other stumbling block for special features is the fact 
that there is no uniformity. What is available in one 
system may not be available in another – even from 
the same manufacturer. Updated features some-
times get renamed and some manufacturers offer 
similar functions under different names. Even an 
individual manufacturer may introduce a feature, 
rename it in a later device, or keep the name the 
same but re-tool how the feature works in a later 
product. While all of this can be frustrating to the 
time-crunched clinician, these features do offer real 
value.

Their main value resides in the fact that clini-
cians have very specialized tools in their toolkit for 
unusual or unique situations. Many special features 
are not designed for general all-purpose use but are 
simply expanded functionality and programmabil-
ity for those unusual and particularly confounding 
cases. For that reason, it is crucial to learn in general 
what is available in ICDs today so that if the need 
arises, a clinician can put the right tools to work to 
help a particular patient.

For the purposes of this book, special features 
have been grouped into four main categories. 
Rather than delve into particulars on each feature 
(which can vary by device and manufacturer any-
way), this section offers an overview. For particular 
special features of interest to your practice and your 
patients, it is recommended that you:

• Refer to the ICD manual, which generally de-
scribes all features of the device.

• Ask the manufacturer’s representative for any 
training materials on the feature; many compa-
nies produce training manuals, booklets, pam-
phlets, and other materials aimed at helping busy 
clinicians learn product features quickly.

• Participate in seminars and other training op-
portunities offered by manufacturers, specialty 
societies, or other sources (for example, CME 
(continuing medical education) providers); some 
of these focus on particular advanced features.
Special features are available in terms of high-

voltage therapy delivery, pacing, the management of 
atrial fi brillation, and remote patient monitoring.

High-voltage therapy delivery

There is no doubt about it: the most important thing 
an ICD does is deliver high-voltage defi brillation 
therapy to a person in danger from a potentially life-
threatening ventricular arrhythmia. For patients with 
multiple rhythm disorders, it may be wise to program 
a variety of therapy options: antitachycardia pacing 
(ATP), as well as lower energy shocks (cardioversion) 
and high-energy shocks. However, one concern with 
this sort of programming strategy involves concern 
over prolonging a dangerous arrhythmia that can-
not be effectively addressed with these therapeutic 
options. For example, what happens if a patient has 
a ventricular tachycardia (VT) which is fi rst treated 
ineffectively with several rounds of ATP and then the 
device proceeds to cardioversion, which is equally in-
effective. The patient could experience symptoms or 
worse as he or she remains in VT while the device goes 
through a thorough routine of trying to knock out 
the arrhythmia with lower energy options.

One special feature to prevent prolonged inef-
fective therapy is known as Maximum Time to Fib 
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Therapies or MTF. MTF was designed as a ‘timer’ 
that limits the amount of time the device can spend 
before it delivers fi b therapy. In essence, MTF as-
sures that high-energy therapy gets to the patient 
quickly. While MTF is designed to assure high-en-
ergy therapy, its net effect is that it allows clinicians 
the freedom to program ATP and cardioversion op-
tions, knowing that even if they are ineffective, the 
patient will still get fi b therapy quickly. MTF is set 
nominally to 20 seconds but it can be programmed 
from 10 seconds to 5 minutes.

Since MTF was designed to be used in a more 
elaborate therapy program, it is only available when 
at least one SVT discriminator is used. The timer 
commences when the fi rst tach interval is binned 
and it basically overrides continuing lower energy 
therapy when it times out (see Fig. 12.1).

Another concern for the clinician programming 
therapy is prolonged supraventricular tachycardia 
(SVT) activity which results in a long period of rapid 
ventricular response by the patient. When SVTs are 
detected using SVT discriminators, therapy is inhib-
ited. But patients who experience extended spells of 
VT (even of supraventricular origin) may experience 
symptoms and require therapy. Another special fea-
ture is called Maximum Time to Diagnosis or MTD, 
which sets a time limit on how long the device will in-
hibit therapy owing to an SVT. Programmable from 
20 seconds to 60 minutes, with a default setting of 30 
seconds, this function allows therapy to be inhibited 
(because of an SVT) only until the timer expires, at 
which point therapy is delivered. (The feature allows 
the clinician to choose the fi rst therapy delivered once 
the MTD expires, either tach or fi b therapy, with fi b 
therapy as the default value.)

MTD is only available in tach zones (not for fi b) 
and at least one SVT discriminator must be turned 
on. The objective with MTD is to assure that pa-
tients receive the therapy they need quickly, but it 
also allows the clinician to program the device such 
that therapy can be inhibited for short runs of SVTs 
(see Fig. 12.2).

Pacing therapy

It is not uncommon for ICD patients to have other 
arrhythmias and those that do not have them when 
the device is implanted may develop them in the 
future. As such, the pacing capabilities of ICDs 

are growing increasingly sophisticated and many 
offer advanced, full-featured state-of-the-art dual-
chamber pacing functionality.

Most manufacturers try to build into their top-
tier ICD products the same or comparable func-
tionality as their top pacemaker products. As such, 
if you are familiar with particular pacemaker device 
functions, you may fi nd them transferring over to 
that company’s ICD line.

AutoIntrinsic Conduction Search (AISC) (see Fig. 
12.3) or similar features (AV Search Hysteresis) is a 
special function aimed at encouraging intrinsic AV 
conduction in a patient with a dual-chamber system 
by automatically and periodically extending the AV/
PV delay to ‘search’ for native cardiac activity. The ex-
tension is programmable. The goal behind such fea-
tures is to encourage intrinsic rates to prevail if at all 
possible. This could save on battery drain (thus possi-
bly extending device longevity) and it defi nitely mini-
mizes unnecessary right ventricular (RV) pacing.

Rate variations in pacing can occur when patients 
have sick sinus syndrome, brady-tachy syndrome, 
premature atrial or ventricular contractions, and 
short, self-terminating SVTs. A special feature 
known as Rate Smoothing is available in some de-
vices, which helps to ‘smooth out’ these bumpy rates 
by assuring that the paced interval never varies by 
more than a programmed percentage of the previ-
ous R–R interval.

Atrial fi brillation

One of the most diffi cult clinical conditions to man-
age in an ICD patient (or other types of cardiac pa-
tient as well) is atrial fi brillation or AF. Since AF is the 
most common arrhythmia seen in clinical practice, 
this condition occurs frequently. Not only that, AF is 
a progressive disease which can occur suddenly even 
in patients who never had it before. As such, most 
ICDs need some tools for AF management.

Some ICDs offer atrial ATP options. Although 
atrial ATP is no sure cure of AF, it does work in some 
patients and should be considered. Programming 
atrial ATP requires some familiarity with ATP strat-
egies and time to devote to programming the right 
burst stimulation patterns. Atrial ATP can be useful 
in the right patients.

Just as many dual-chamber pacemakers today 
offer mode switching, an automatic mode switch 
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ventricular arrhythmia. When the MTF timer expires (in this case it is set to the default value of 20 seconds), high-energy 
therapy is automatically delivered, assuring that the patient does not stay too long in ventricular arrhythmia.
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(AMS) algorithm may be available in an ICD. 
Essentially, AMS turns off the atrial channel in the 
presence of high-rate atrial activity (which is clini-
cian-defi ned at the programmer) and effectively 
switches modes until the high-rate atrial activity is 
over. AMS may cause some bumps in rate, which 
are sometimes managed by a programmable AMS 
base rate, that is, a transition rate between the pro-
grammed base rate (low) and the mode switch rate 
(higher).

Diagnostic tools such as Cardiac Compass or AT/
AF Burden Trends help report in diagnostic format 
how much time the patient has spent in atrial tachy-
arrhythmias. While these and other good diagnostic 
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Fig. 12.2 Maximum Time to Diagnosis. The MTD timer starts when the fi rst tach interval is binned. Here, MTD is 
programmed to 20 seconds. When MTD times out, diagnosis is made and therapy is delivered.

tools exist to better understand the patient’s atrial 
rate activity over time, they can only report on what 
has happened. They cannot prevent atrial tachyar-
rhythmias and are best employed when some other 
means (pacing algorithm or drug therapy) is being 
used to control AF.

Pacing algorithms have long been proposed to help 
control AF by overdriving the atrium. It has been ob-
served that if a pacemaker can capture and pace the 
atrium at a rate slightly faster than its intrinsic signal, 
the atrium cannot race into AF. While overdrive pac-
ing has been around for a while (and may even be 
available in some ICDs), its fundamental shortcom-
ing was that it required rapid, fi xed-rate pacing of the 
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atrium, which some patients found uncomfortable 
and some clinicians found nerve-wracking. The AF 
Suppression™ algorithm from St Jude Medical is the 
only clinically proven pacing algorithm designed to 
suppress AF by using a dynamic overdrive approach 
(see Fig. 12.4). The idea is that when the atrial rate 
started to increase, atrial pacing would overdrive 
the rate but only by pacing slightly faster than the 
patient’s intrinsic rate. Sometimes this would in-
volve rapid atrial pacing, but many times, overdrive 
pacing would only be modestly above the patient’s 
own rhythm. The AF Suppression™ algorithm is 
automatic, requires no drugs, does not depend on 
patient’s compliance to pharmacological regimens, 
and has been shown to reduce AF burden.1 It can be 
programmed on and off, so it can be disabled if the 
patient does not need it.

Patient features

Some special features were designed for the conven-
ience of the patient or to allow the patient greater 
control or awareness of the therapy.

Patient Alert is a unique feature offered by a few 
devices which allow the implanted device to signal 

Programmed
PV Interval

(search)

Adds the 
programmed 
delta to the 
AV/PV delay

If intrinsic 
ventricular 
conduction 
sensed it keeps 
the prolonged 
AV/PV delay

If no intrinsic conduction, 
it stimulates at the 
prolonged AV/PV delay 
and goes back to the 
intial programmed 
AV/PV delay

150 ms 150+100 ms 150+100 ms 150+100 ms 150ms

Fig. 12.3 AutoIntrinsic Conduction Search (AICS). AICS allows a programmable extension (in this case, programmed to 
+50 ms) to be added every 5 minutes to the AV or PV delay. This extension maximizes time for intrinsic activity to ‘break 
through’ and possibly inhibit the device. The darker lines show what would happen with a normal AV/PV delay (150 ms, in 
this example). The lighter lines show what happens with AICS. With AICS, there is more intrinsic (non-paced) activity.

the patient in the form of an audible tone in the 
event that something remarkable warrants medical 
attention. Events that might trigger a Patient Alert 
include out of range lead impedance values, exces-
sively long device charge times, and sometimes low 
battery status. These alarms can be programmed on 
and off. When activating them, be sure to explain 
to the patient and their family what they are, since 
some patients may fi nd them upsetting or may not 
understand what to do.

Another new twist to ICD therapy involves re-
mote patient monitoring systems. Pacing experts 
have had decades of experience with trans telephonic 
monitoring or TTM, a type of remote monitoring 
system that allowed pacemaker patients to use wrist 
electrodes and an ordinary telephone line to report 
basic pacemaker function to their clinics. TTM was 
not very sophisticated: at most, a basic ECG and 
some general device parameters (usually battery 
status) could be downloaded. The patient just called 
in and performed the test over the phone. It was up 
to the physician’s offi ce to call the patient back if 
there were any unusual results.

Today, there are more elaborate systems for ICD 
patients. Many of them allow for considerable in-
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Fig. 12.4 AF Suppression™ algorithm. The dynamic atrial overdrive approach allows the overdrive pacing to occur always 
at a rate only slightly higher than the patient’s native rate. The lighter line shows the patient’s own intrinsic atrial rate 
while the darker line shows how the AF Suppression™ algorithm dynamically kept pace with the patient’s own rate.

AF Suppression™ Pacing

Maximum Sensor Rate

Base Rate

Time

R
at

e

Sinus Rate AF Suppression Pacing Rate 

formation to be downloaded, including stored 
electrograms, diagnostic counters, and the usual 
parameter values. Systems may operate over the 
Internet or conventional phone lines. The patient 
may be able to talk to a real person (Housecall Plus™ 
remote patient monitoring system) or may respond 
to automated signals.

These systems work in that patients receive a 
transmitter, which is similar in form and function to 
a telephone answering machine. Patients are trained 
at the clinic to set up the system and transmit infor-
mation, usually involving attaching wrist electrodes, 
making a telephone call, and then running through 
a simple protocol.

The utility of remote patient monitoring for ICD 
patients resides in its utility in treating patients im-
mediately following therapy delivery. Many physi-
cians encourage patients to come to the offi ce im-
mediately following therapy delivery. Some patients 
may fi nd a shock so upsetting that they call the phy-
sician, even in the middle of the night. When an ICD 
patient receives a shock, everyone – the patient, the 
family, and the physician’s offi ce – all want to know 
what happened and why. A remote patient monitor-
ing system allows a patient to send this information 

to the physician before an offi ce visit. The physi-
cian’s staff (or service) may be able to interpret the 
results and determine that the shock was appropri-
ate and eliminate the need and inconvenience of an 
offi ce visit.

For patients who are debilitated, live far from the 
doctor’s offi ce, or for whom regular follow-up or 
post-therapy visits represent a hardship, a remote 
monitoring system offers the convenience of being 
able to get stored electrograms, diagnostic infor-
mation, and other information quickly and easily. 
In such cases, the patient can get reassurance and 
medical care, even without coming into the clinic.

Most manufacturers offer or are working on re-
mote patient monitoring systems, but at the mo-
ment, programmability via a remote system is non-
existent or drastically limited. It may be that in the 
future, more extensive programmability is available 
so that true telemedicine can be practiced for ICD 
follow-up.

Reference

 1 Summary of Safety and Effectiveness. P8800061583 and 

P8300451576: St Jude Medical CRMD.
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92  The Nuts and Bolts of ICD Therapy

The nuts and bolts of special features

• Special features vary by manufacturer and even 
by device from a single manufacturer. Always 
check manuals and ask the device company 
representative for instructions.

• Most advanced features were never intended to 
be used for all patients. They are special tools 
to be used in special situations. As such, it’s 
important to know what is available overall. You 
may be trying to manage a problem and have 
the perfect solution available in the device and 
not even know it.

• Some special features address therapy delivery. 
These manage how long the device will inhibit 
therapy because of an SVT (Maximum Time to 
Diagnosis or MTD) or how long a device will 
spend using less than full-energy therapies in 
the presence of a ventricular tachyarrhythmia 
(Maximum Time to Fib Therapy or MTF).

• Most ICDs offer full-featured pacemaker 
functionality, which can include rate 
response, rate smoothing, and features such as 
AutoIntrinsic Conduction Search (AICS) to 
encourage intrinsic activity and minimize the 
need for right ventricular (RV) pacing.

• Atrial fi brillation (AF) is the most common 
arrhythmia in the world and it can make ICD 
therapy more complicated. Many devices 
offer diagnostic functions to monitor AF 
activity, the time the patient spends in atrial 
tachyarrhythmias, and other counters. While 
diagnostic information (AT/AF Burden Trend, 
Cardiac Compass) is important, it only reports 
on the condition. The AT/AF must be managed 

using drug therapy or some sort of pacing 
algorithm.

• Many ICDs offer mode switching, which 
‘turns off ’ the atrial channel during episodes of 
clinician-defi ned high-rate atrial activity.

• The AF Suppression™ algorithm is the only 
clinically proven pacing algorithm shown to 
reduce AF burden and designed to suppress AF 
in device patients. It works by using a dynamic 
atrial overdrive pacing algorithm.

• Patient Alerts are tones or audible signals 
emanated by the implanted device to warn the 
patient about potentially dangerous conditions. 
If this function is available and activated, 
the patient requires special training so that 
they understand what is happening when the 
implanted device starts to beep!

• Remote patient monitoring systems are available 
for ICDs and may use conventional phone 
lines or the Internet. While programmability is 
limited (or nonexistent) patients can still send 
stored electrograms and diagnostic data to the 
clinic for analysis. This can be especially useful 
immediately post-therapy.

• Remote patient monitoring systems require the 
patient to have a transmitter and to be trained to 
complete the protocol using wrist electrodes and 
a phone line.

• Some remote patient monitoring systems offer 
a live person at the other end of the phone 
while others are more automated and direct the 
patient with signals.
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Diagnostics

Nowhere has the tremendous sophistication in ICD 
therapy been more evident than in the continuous 
improvement and growth of ICD diagnostics. ICDs 
today offer comprehensive and detailed diagnostic 
information, available in numeric or graphic for-
mats, at the touch of a button. Despite the wealth of 
diagnostic data, many clinicians use little or none of 
this stored information and for understandable rea-
sons. Extensive information can be diffi cult to navi-
gate; sometimes it is diffi cult to know what reports 
to access and why. Just having a lot of information 
is no advantage in a clinical situation; the right in-
formation is needed. For that reason, clinicians can 
benefi t enormously from spending time learning 
about diagnostic data options, since knowing what 
is available can help identify and retrieve precisely 
the right information when it is needed.

Diagnostic functions in a device are essentially 
counters, that is, they continuously monitor and 
record data. Some specialized diagnostic functions, 
like stored electrograms, have a limited storage ca-
pacity and a strategy of overwriting the oldest in-
formation (fi rst in, fi rst out). While it may be more 
diffi cult to max out the capacity of other, simpler 
diagnostic counters, it is important to erase diag-
nostic counters periodically so that only the latest 
and most relevant information is available.

Any ICD programming automatically erases the 
diagnostic counters (this does not apply to stored 
electrograms). For that reason, when programming 
an ICD during a follow-up session, review and print 
out all diagnostic counters before you do any program-
ming. Once diagnostics are printed out, program-
ming any parameter automatically resets all of the 
counters back to zero. Diagnostic data can also be 
erased by a manual programming step, but the auto-
matic clearing with programming can be the more 
effi cient approach. Regularly clearing out diagnos-
tic data assures that clinicians review only device–

patient interactions since the last follow-up ses-
sion.

Upon interrogation, the programmer may fl ag or 
otherwise notify the clinician that there is new or 
important diagnostic information in storage. This 
function assures that nothing is overlooked, but 
good clinical practice mandates that all diagnostic 
data be reviewed during follow-up. (See Chapter 14, 
A systematic guide to ICD follow-up.)

Just as ICDs provide both tachycardia and 
bradycardia therapy, they offer both tachycardia 
and bradycardia diagnostic functions. Diagnostic 
counters and functions may vary by device and 
manufacturer as well as by type of device (a single-
chamber ICD has different bradycardia diagnostics 
to a dual-chamber ICD). For the most relevant de-
tails, please refer to the appropriate product manual. 
The following is a good general introduction.

Tachycardia diagnostics

The four broad categories of tachycardia diagnostic 
information captured by the ICD include detec-
tion data, therapy data, episode data, and lifetime 
data. Stored electrograms are also a form of tachy-
cardia diagnostic, but were discussed in Chapter 11 
and will not be addressed further here. While most 
clinicians fi nd that stored electrograms along with 
episode data are the most useful reports for patient 
management, the best place to start a diagnostic 
data review is with detection data.

The detection summary screen shown in Fig. 
13.1 provides a quick overview of what has gone on 
since the last time the diagnostic data were cleared 
(that is, the last programming session). The ICD de-
fi nes an episode as any time the tachycardia detects 
a tachyarrhythmia. A numerical count of episodes 
appears on top, broken down by category (Tach A, 
Tach B, fi b, and so on). 
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94  The Nuts and Bolts of ICD Therapy

In addition to revealing how many episodes oc-
curred since the last follow-up, the breakdown of 
episode by category illustrates the types of arrhyth-
mia the patient is having along with their rates. If 
therapy had to be delivered to address these epi-
sodes, that is stated as well. This screen also captures 
information on aborted therapy, inhibited therapy, 
and the use of certain special timing functions (see 
Chapter 12, Special features, for information on 
MTF and MTD functions).

If an episode resulted in a diagnosis of a tachyar-
rhythmia using the Rate Branch function (even if the 
diagnosis was inhibited), that information is avail-
able by drilling down one page on the programmer 
using Diagnosis Information. This screen contains 
information on any and all discriminators used in 
making the diagnoses (see Fig. 13.2).

The Detection Summary reports on recent modi-
fi cations. If any signifi cant changes have been made 
since the last time the counters were cleared (such 
as a Morphology Discrimination template update), 
that will appear in the Detection Summary. If some 
device-related event occurred, even if it does not re-
quire any action on the part of the clinician, it will 
be reported as well. An example of this might be a 

report that the device detected a noise and reversion 
occurred.

The next destination in reviewing diagnostics is a 
look at the Therapy Summary, which shows infor-
mation about all therapies delivered or aborted since 
the last time the diagnostic counters were cleared. 
This overview information includes shocks deliv-
ered, aborted therapies, and information on ATP 
(antitachycardia pacing) therapy (see Fig. 13.3).

When ATP therapy is programmed, Therapy 
Summary provides valuable overview data on 
whether ATP was actually utilized and how effec-
tive it was when deployed. Using the example in Fig. 
13.3, the clinician knows that the patient has had a 
lot of Tach B activity (12 episodes since the last time 
the data were cleared) and that ATP is very often 
successful in terminating these events (10 out of 12 
times or 83%). Furthermore, there is now docu-
mented evidence of an ATP accelerating a tachycar-
dia, but it was a rarity (1 out of 12 events). Further, 
since one burst was all that was needed to success-
fully convert a tachycardia in 7 of the 10 successful 
ATP therapies, it appears that the patient responds 
well to ATP. Thus, a clinician can see from this screen 
alone that the patient has many VT episodes which 
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Fig. 13.1 The Detection Summary screen. The total number of episodes is shown on top, broken down in a color-coded 
‘tree’ by category. In addition to providing the number of episodes, the maximum and minimum cycle lengths of episodes 
per category are stated. This example shows that the patient has had seven episodes since the last follow-up, including 
three episodes of VF.
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tachyarrhythmia, even if therapy was inhibited. In this example, there were four Tach A episodes and 12 Tach B episodes. 
However, Rate Branch excluded three Tach A episodes (V < A, V = A) and eight Tach B episodes (V < A, V = A). Interval 
Stability inhibited two Tach A and no Tach B therapy deliveries, while Morphology Discrimination (MD) inhibited therapy 
for two Tach A and four Tach B episodes.
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Fig. 13.3 Therapy Summary. Therapy Summary provides numerical data on the top as to shocks delivered since the last 
time the data were cleared. In the lower half of the screen, an ATP rate tree shows the number of times ATP was used (in 
this case for Tach B) with successes and failures. In this example, it shows that 1 out of the 12 ATP therapies resulted in a 
tachyarrhythmia acceleration. A bar chart to the right shows the number of bursts needed for successful ATP therapy; in 
this case, only one burst was needed to resolve tachycardia in seven instances, while in three other instances, two bursts 
were required. To fi nd out more about high-voltage therapy or aborted therapies, it is necessary to press the buttons in 
the lower right-hand corner of the screen to go to the next pages.
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96  The Nuts and Bolts of ICD Therapy

can be effectively treated with ATP. While ATP does 
not necessarily resolve every Tach B episode, this pa-
tient has clearly been spared many shocks by having 
ATP activated.

While the top-level Therapy Summary screen 
shows how many shocks have been delivered since 
the last time diagnostic counters were cleared, more 
detailed information is available from the High 
Voltage Charging screen. This lists the number of 
shocks delivered, categorized by voltage and joule 
value. Manually initiated shocks, such as PC shock, 
shock-on-T, or DC Fibber, are also included here, 
but since these events are relatively rare, they will 
not typically be seen in the diagnostics. In the event 
that there have been no shocks since the last time the 
diagnostics were cleared, there is no screen available 
and the top-level screen will state that no shocks 
have been delivered (see Fig. 13.4).

A noncommitted ICD offers the advantage to pa-
tients that even if a diagnosis is made and the device 
prepares to deliver a shock, that shock can be aborted 
if sinus rate is confi rmed. The idea behind aborted 
therapy is to spare patients unneeded shocks when 
the tachyarrhythmia resolves spontaneously. Infor-

mation on aborted therapy may also be available from 
the ICD. Note that a noncommitted ICD defi nes an 
aborted therapy as a situation in which charging is 
initiated (that is, the device prepares to shock) but 
the shock is not delivered. While the most common 
cause of aborted therapy is the detection of sinus rate, 
shock therapy may also be aborted if a magnet is ap-
plied over the device as it is charging or if the device 
goes into ventricular noise reversion mode while it is 
charging. Aborted therapy can be benefi cial and use-
ful to the patient, but it should always be of concern 
to the clinician (see Fig. 13.5).

While these broad overview diagnostics give a 
good idea as to how the ICD and patient have been 
interacting since the last follow-up session, they 
provide only general information: what sorts of ar-
rhythmias were detected, what therapies were de-
livered, and how the patient responded. In practice, 
sometimes certain events require more thorough 
evaluation to be properly understood. For that rea-
son, most ICDs offer episodal diagnostics. Episode 
diagnostics along with stored electrograms provide 
by far the most valuable clinical information in the 
follow-up setting, but it is important to start with a 
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 526 - 625 V ( 16.0 - 22.6 J):

 626 - 725 V ( 22.7 - 30.4 J):

 726 - 801 V ( 30.5 - 37.1 J):

Fig. 13.4 High-Voltage Charging screen. This simple numerical screen provides details on how many shocks were delivered 
since the last time diagnostic data were cleared. In this case, the patient received 15 shocks, all of them initiated by the ICD 
(that is, 0 manually activated shocks). In this example, all of these shocks were at the highest energy level. The ICD can also 
be programmed to deliver ‘tiered therapy,’ that is, lower energy therapy for some arrhythmia categories.
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high-level view to know where more detailed infor-
mation is needed.

Episode diagnostics store detailed records of 
every single episode. A limited number of episodes 
(for example, 60) are stored in memory and when 
capacity is reached, the ICD will overwrite the oldest 
episode with new data. (Note that programming the 
ICD will clear the episode diagnostics and the sys-
tem starts over.) The result is that at any given time, 
the clinician has access to the most recent episodes 
in the patient’s history. These episodes are identi-
fi ed by date and time, with the most recent episode 
fi rst. But before an individual event is selected, the 
clinician should notice how many episodes are in 
memory and if there are any chronological patterns 
or clusters of episodes (see Fig. 13.6).

The detailed information on the episode varies by 
episode but includes the initial diagnosis, the type 
of arrhythmia, the cycle length, and what sort of 
therapy was used and with what results. If the epi-
sode triggered an electrogram that is still stored in 
memory, a button on the screen provides immedi-
ate access (see Fig. 13.7).

While most ICD diagnostics are designed to give 
the clinician the most recent information, one type 
of diagnostic is recorded and preserved over the 
entire service life of the device. Lifetime diagnos-
tics capture the total number of therapy deliveries 
over the life of the device (grouped by energy level) 
as well as bradycardia information in terms of the 
percentage of time the device paced. Lifetime di-
agnostics are not only not cleared when the ICD is 
reprogrammed, they cannot be cleared, even manu-
ally. The purpose of lifetime diagnostics is to give 
a good overview of how much pacing the patient 
has received, and how many therapy deliveries have 
been made since the patient got the ICD. For clini-
cians who are seeing a new patient who has had an 
ICD for a while, lifetime diagnostics provides a good 
snapshot of how the ICD is working in the patient. 
Lifetime diagnostics can also give some insight into 
battery usage; a high percentage of pacing and mul-
tiple therapy deliveries drain the battery more than 
infrequent device activity (see Fig. 13.8 and Table 
13.1).
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Fig. 13.5 Aborted Therapy screen. Aborted therapies are defi ned by the device as times when the device began charging 
but never delivered the shock. In a noncommitted device, therapy can be aborted when sinus rate is detected. In this 
example, two shocks were aborted, both for that reason. Other reasons for aborted therapy include magnet mode or 
noise reversion. Note that this screen subdivides aborted therapy into ‘initial’ and ‘non-initial,’ meaning the fi rst or 
subsequent therapy attempts.
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Fig. 13.6 Episodes screen. The Episodes screen shows the most recent episodes in chronological order with the most recent 
one fi rst. The displays are color coded by category for easy sorting. Selecting any specifi c episode provides more in-depth 
information on that particular episode.
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Fig. 13.7 Detailed Episode screen. The arrhythmia was diagnosed as Tach B with a cycle length of 310 ms. It took 4.00 
seconds to make the diagnosis (the ICD counts this time from the fi rst binned tachycardia interval to the point of 
diagnosis). This patient received ATP therapy, which extended the cycle length to 805 ms, below the rate detection level 
established by the device – in other words, the tachycardia was gone. The third button from the left on the bottom of the 
screen allows quick access to a stored electrogram of the episode.
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Fig. 13.8 Lifetime diagnostics. Lifetime diagnostics tells the story of the patient’s interaction with the ICD over the life 
of the ICD. This patient has had a lot of pacing activity. He has been paced 86% of the time in the atrium, 42% in the 
ventricle. This indicates sick sinus syndrome and some conduction (more than half of the atrial events conducted through 
to the ventricle). In terms of therapy, the patient has received 21 shocks at the highest energy levels and several lower 
energy shocks. This appears to be a patient who needs a dual-chamber ICD! On the other hand, lifetime diagnostics do 
not reveal much about the patient’s arrhythmias, response to therapy, or aborted therapies. For those details, other 
diagnostics are required.

Diagnostic What it does When it is used What to look for

Detection 
Summary

Overview of episodes 
by category and 
therapy

To get a quick snapshot of 
what has been going on

Has the patient had episodes? What kind? How 
fast were the cycle lengths? Has he or she received 
therapy?

Therapy 
Summary

Overview of ATP and 
shock therapy

If the patient has had 
therapy, this gives the details

Has the patient had ATP? Was it successful? Did it 
accelerate the arrhythmia?

Aborted 
Therapies

Overview of times 
when the ICD 
diagnosed an 
arrhythmia and 
started charging for 
therapy delivery but 
aborted the therapy

If the patient has had aborted 
therapies, this provides the 
details

Were many therapies aborted? Why were they 
aborted? Should the device be reprogrammed? 
How do aborted therapies relate to delivered 
therapies (were more aborted than delivered)?

Lifetime 
Diagnostics

Lifetime data on 
therapy deliveries

To check on overall device 
use, especially if this is a new 
patient or one who has had 
an ICD for some time

Has the patient ever received therapy? If a lot of 
therapy has been delivered, what is the battery 
status? How much pacing does the patient need? 
How does the history relate to what has happened 
since the last follow-up session?

Table 13.1 Tachycardia diagnostics
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Bradycardia diagnostics

Those who regularly work with pacemakers will 
fi nd the bradycardia diagnostics on the ICD very 
familiar. Even those with less exposure to pacing will 
be able to navigate these diagnostics quickly, which 
are designed to show how the pacemaker function 
of the ICD interacted with the patient in the time 
period since the diagnostics were last cleared. Note 
that if the bradycardia pacing function in the ICD 
is not enabled, then no pacing diagnostics will be 
available. Likewise, diagnostic data will vary de-
pending on pacing mode (single-chamber versus 
dual-chamber) and which features are activated (for 
example, mode switching).

The bird’s-eye view of pacing activity in an ICD 
is revealed in the Event Histogram, a bar diagram 
of pacing activity according to type or pacing state. 
Pacemakers actually only do two things: they can 
pace (stimulate) a chamber or they can inhibit a 
stimulation output when they sense (detect) prop-
erly timed intrinsic activity. This means that every 
pacing activity is either a paced or sensed event. 
Using letter codes, a dual-chamber pacemaker has 
only four states: PR (sensed events in both cham-
bers), PV (an intrinsic atrial beat is followed by a 
ventricular pacing output), AR (an atrial paced 
event conducts through and causes a ventricular 
beat) or AV (paced events in both chambers) (see 
Table 13.2).

The Event Histogram groups pacing activity ac-
cording to these four pacing states (note that in a 
single-chamber ICD, only paced and sensed cat-
egories are available, since all pacing activity takes 
place in the ventricle only). In addition, the Event 
Histogram also records the number of PVEs (pre-
mature ventricular events), which are sometimes 

also known as PVCs (premature ventricular con-
tractions). The ICD defi nes a PVE as two consecu-
tive ventricular events without an intervening atrial 
event (either a sensed or a paced atrial event counts) 
(Fig. 13.9).

Another useful pacing diagnostic tool is the Heart 
Rate Histogram, a graphic and numeric display of 
cardiac activity grouped by rate range rather than 
type of activity (see Fig. 13.10). The Heart Rate Histo-
gram gives the clinician a clear overview of where 
the patient’s heart rate, including both paced and 
sensed activity. The Heart Rate Histogram captures 
only ventricular information (even in dual-chamber 
systems) so there is no confusion in the event that 
the patient experiences occasional episodes of atrial 
tachyarrhythmias. This diagnostic can help assess 
the chronotropic function of the heart (for example, 
active patients should have a suitable percentage of 
events at heart rates that would match their level of 
exertion). A large amount of high-rate activity in a 
sedentary patient may indicate disease progression, 
rapid ventricular response to an SVT, or even an ar-
rhythmia that is sometimes called ‘slow VT.’ If the 
ICD is rate-responsive and there is a disproportion-
ate amount of high-rate pacing, the sensor may be 
too aggressive and may require adjustment (this is a 
simple programming step).

If the dual-chamber ICD has a mode switch algo-
rithm that is enabled, a review of the mode switch 
diagnostics will give an overview of how frequent-
ly this particularly algorithm was invoked. Mode 
switching is a special function which allows the dual-
chamber pacemaker to effectively ‘turn off ’ the atrial 
channel whenever it detects the presence of high-rate 
atrial activity. (Note that the clinician defi nes high-
rate activity by programming the rate values; these 
are adjustable within broad ranges.) For example, if a 

Pacing state Atrial activity Ventricular activity What it means

PR Atrial sensed event Ventricular sensed event The heart is beating in the proper timing without the aid 
of the pacemaker

PV Atrial sensed event Ventricular paced event There is intrinsic atrial activity but it is not conducting 
properly to the ventricles

AR Atrial paced event Ventricular sensed event The atrium requires pacing (sinus node not fi ring properly) 
but the pulse conducts to the ventricle

AV Atrial paced event Ventricular paced event The pacemaker is having to pace both chambers; no 
properly timed intrinsic activity

Table 13.2 Pacing states
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Fig. 13.9 Event Histogram. The Event Histogram captures all pacing activity since the last time the diagnostic counters 
were cleared in a graphic as well as numeric format. In this example, most of the activity (in fact, over a million events) was 
PR, that is, unpaced activity. There were also over a million PV events, in which an atrial sensed event was followed by a 
ventricular output pulse. In other words, an intrinsic atrial event occurred but did not conduct properly to the ventricles, 
so the ventricle had to be paced. This indicates that the patient relies on the pacing function of the ICD about 46% of the 
time (46% of the activity involved some pacing). However, the patient does have good intrinsic activity 54% of the time 
(PR activity) and there is intact atrial conduction (during the PR and AR events). Premature ventricular events (PVEs) are 
negligible at less than 1%, which is good. A large number of PVEs in a dual-chamber system would indicate the need for 
some troubleshooting to fi ne-tune device settings.
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Fig. 13.10 Heart Rate Histogram. This shows paced and sensed ventricular activity grouped by rate ranges. In this example, 
only a small amount of activity occurred at rates between 75 and 85 beats a minute – which may be appropriate for a 
sedentary patient. There is certainly no alarming high-rate activity going on. Sensed activity (that is, intrinsic events) occur 
at varying rates, from 30 to 85 beats a minute, with most in the 65 to 75 range. Finally, there is some paced activity at the 
lowest range (under 55 beats a minute); the clinician should check to be sure that this is consistent with programmed 
settings. If not, some troubleshooting may be required.

Percent of Counts Paced in Atrium
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102  The Nuts and Bolts of ICD Therapy

patient experiences an atrial tachyarrhythmia, rather 
than let the fast atrial events possibly conduct to the 
ventricles and provoke a rapid ventricular response, 
the pacemaker simply shuts off the atrial channel 
temporarily, essentially changing mode (for example, 
an ICD that had been pacing in DDDR mode may 
switch to VVIR mode in the presence of high-rate 
atrial activity). When the atrial rate returns to normal, 
the mode switches back automatically to the origi-
nally programmed settings. While mode switching is 
an important feature, its use (particularly its frequent 
use) indicates that the patient is experiencing atrial 
tachyarrhythmias and this may require device adjust-
ment or pharmacological therapy. At the very least, 
the presence of mode switch events shows that the 
patient is not getting the benefi ts of dual-chamber 
pacing at least some of the time. (See Fig. 13.11.)

The Mode Switch Log provides a listing of mode 
switch episodes with date and time of occurrence, 
peak rate, and duration. Stored electrograms can 
be set to capture entry into mode switch, so if any 

of these episodes has an associated stored electro-
gram, it can be accessed and reviewed. The stored 
electrogram may contain information on the event 
that initiated the mode switch episode and will cer-
tainly provide good insight into the nature of the 
high-rate atrial activity (for example, the patient 
may have paroxysmal AF).

If a rate-responsive ICD is programmed to sensor 
ON, a sensor histogram will be available to show the 
percentage of time that the sensor was in control of 
the pacing rate. Sensor-driven rates mean that the 
sensor (typically an accelerometer) showed the pa-
tient needed more rapid pacing support than would 
have been provided by the programmed base rate 
(for example, if the base rate was programmed to 60 
ppm and the sensor controlled the rate 75% of the 
time, that means the accelerometer indicated that the 
patient needed pacing at rates of about 60 ppm three-
quarters of the time). The amount of sensor-driven 
pacing appropriate for a particular patient depends 
on the patient’s activity level. Very active, fi t, or ath-

Sensor
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Date Cleared.................................................................................. 1 Jun 2000 12:58
Date Read.................................................................................... 22 Jun 2000 18:22
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Event
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Atrial rate

Mode Switch
Duration

242ppm

0d 0h 2m 40s

0d 0h 20m 12s
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Fig. 13.11 Mode Switch screen. Mode switch diagnostics show if and how often mode switching occurred in the period 
since the diagnostics were last cleared. In this example, there were three mode switch occurrences. The screen also shows 
the minimum and maximum peak fi ltered atrial rate (that is, the fastest and slowest recorded events in all mode switch 
episodes from that period): in this case the high-rate atrial activity occurred at rates between 192 and 242 ppm (which 
correspond to cycle lengths ranging from 248 to 313 ms). The diagnostic also gives maximum and minimum durations 
of mode switch episodes. In this case, mode switching was on for 2 minutes and 40 seconds (minimum) but as long as 20 
minutes 12 seconds (maximum). More detailed information can be obtained by pressing the ‘View AMS Log’ button at the 
bottom right-hand corner of the screen.
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letic patients may be well served with a large amount 
of sensor-driven pacing, while sedentary, bed-ridden, 
or frail patients should have far more base rate pacing 
than sensor-driven pacing (see Fig. 13.12).

These pacing diagnostics will either confi rm 
to the clinician that pacing parameter values are 

Fig. 13.12 Sensor histogram. The sensor histogram shows how much time the sensor controlled the pacing rate. In this 
particular example, the patient was under sensor control 64% of the time when his rate was between 60 and 75 ppm. 
When the patient was at rates above 75 ppm, the sensor was driving the rate up only 30% of the time. This suggests that 
the patient has some degree of chronotropic competence.
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Diagnostic What it does When it is used What to look for

Event 
Histogram

Shows all cardiac 
activity by pacing 
state (PR, PV, AR, AV)

Used for all patients to 
evaluate what kind of pacing 
support the patient requires

Is there a lot of intrinsic activity (PR)? If there is 
pacing activity (any other three states), does one type 
predominate? Does the patient appear to have good 
intact conduction (PR, AR events)?

Auto Mode 
Switch 

Shows number 
of mode switch 
occurrences and 
detail

For patients who have 
experienced mode switches, 
this provides detail

Are there many mode switch occurrences? What is 
the rate of atrial tachyarrhythmias? How long does 
the patient spend in mode-switched states? Does the 
patient have AF? (May need to see a stored ‘mode 
switch entry’ electrogram.)

Sensor 
Histogram

Shows amount of 
time the rate was 
driven by the sensor 

For patients with rate-
responsive pacing

Is the amount of sensor-driven higher-rate activity 
consistent with the patient’s lifestyle? Does the patient 
appear to be chronotropically competent? 

Table 13.3 Bradycardia diagnostics

adequate to meet the patient’s need or they may 
suggest that some fi ne-tuning is in order. They can 
also provide valuable information about the pa-
tient’s condition and disease progression, for ex-
ample, the presence of atrial fi brillation (AF) (see 
Table 13.3).
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104  The Nuts and Bolts of ICD Therapy

Shortcuts

Many newer models of ICDs and programmers 
offer some interesting programming shortcuts to 
help make it easier on the clinical team in charge of 
caring for ICD patients. Most devices today provide 
warning indicators when the battery voltage in the 
ICD drops below a certain level (typically the elec-
tive replacement indicator) or when lead impedance 
values (for either the pacing or the defi brillation 
lead) go out of range. These warnings may occur 
by a change in screen appearance (screen color) or 
involve a pop-up. Regardless of their format, these 
shortcut warnings offer clear explanations.

In the case of low battery voltage, it is recom-
mended that device replacement be scheduled. 
Since ICD patients literally depend on these devices 
for matters of life and death, it is wise to arrange for 
prompt device replacement.

Lead impedance changes can indicate a variety 
of conditions. Lead impedance refers to the amount 
of resistance the electrical current meets within the 
lead. It is not a programmable value, but it is one that 
should be regularly monitored. While a lead imped-
ance value in isolation may tell little about the device, 
any large change in impedance from one follow-up 
session to the next (‘large’ in this case is defi ned as 200 
Ω or more) suggests that a problem is brewing. Thus, 
if lead impedance of the pacing lead is 300 Ω, that may 
fall within the normal range; but if the impedance of 
that same lead was 700 Ω at the previous follow-up 
session 6 months ago, the rapid change strongly sug-
gests that there is some kind of lead problem.

When impedance values fall out of range or 
change too much from one session to the next, the 
best approach is to order a chest X-ray to see if there 
might not be some form of physical problem (insu-
lation break, kink, tear, or lead coming loose from 
the generator) visible. This is covered in more detail 
in Chapter 15, Troubleshooting.

In addition, some programmers will immediately 
offer information when a device is interrogated to 
the effect that new stored electrograms or new tachy-
cardia diagnostics have been recorded since the last 
follow-up session.

Conclusion

The world of diagnostics can be a bit overwhelming 
to the newcomer to ICD programming, and even 
very experienced ICD experts will rarely take ad-
vantage of the whole spectrum of diagnostic tools 
for every patient. However, a few basic points must 
be remembered for any effective ICD follow-up 
using diagnostic data:
• Always access and print out all of the diagnostic 

data before programming the device. Once you 
program anything, the diagnostic counters are 
cleared. (The ICD assumes you’ll review diagnos-
tics before making new programming decisions 
– a wise policy!)

• Always check and double-check that there are 
no warning messages or special information on 
screen. Programmers from various manufactur-
ers are different, so you may have to ‘search’ a bit 
when working with an unfamiliar programmer.

• If there are any alerts that new stored electrograms 
or information is available, access and print them, 
if they appear to be of interest.

• Take advantage of summarized diagnostic over-
views to get the big picture before drilling down 
into detail.

• Stored electrograms probably contain the most 
clinically worthwhile information, but they 
should be reviewed only after you’ve gotten the 
big picture to put them in proper context.

• Document everything. When in doubt, print it 
out!
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The nuts and bolts of diagnostics

• Diagnostics provide information on how the 
patient and ICD have interacted over time and 
should be evaluated before programming the 
ICD in a follow-up session.

• Programming the ICD automatically erases 
all diagnostics, so access and print out all 
diagnostics of interest before programming.

• There are four main types of tachycardia 
diagnostics: detection data (what was detected), 
therapy data (what therapies were delivered or 
aborted), episode data (episodes by category), 
and lifetime data (therapy and pacing activity 
over the life of the device).

• The high-level overview of tachycardia 
performance is the detection data screen. 
However, clinicians often need to drill down to 
more detail to get the information needed to 
make programming or other clinical decisions.

• Therapy summary data can show if ATP options 
have been used and how effective they were. If a 
patient experiences VTs that can be successfully 
terminated by ATP, this can spare the patient 
some painful and distressing shocks.

• Lifetime diagnostics show pacing activity 
(in terms of percentage of time paced) and 
tachycardia therapy delivery over the life of the 
device. Unlike other diagnostic data, lifetime 

data cannot be erased.
• There are only four possible pacing states for a 

dual-chamber ICD and they are PR, PV, AR, and 
AV; where P is a sensed atrial event, R is a sensed 
ventricular event, A is a paced atrial event, 
and V is a paced ventricular event. The Event 
Histogram captures pacing activity broken 
down by pacing state.

• The heart rate histogram captures cardiac 
information grouped by rate ranges.

• The mode switch diagnostic function captures 
information on mode switch occurrences, 
duration, and the peak rate. If a stored 
electrogram is triggered by entry into mode 
switch, that data may be available as well.

• The sensor histogram shows the amount of 
time the paced rate was under sensor control, 
grouped by rate ranges.

• Modern devices and programmers sometimes 
offer special warning screens or pop-ups to alert 
the clinician to important events, such as low 
battery status or an out of range lead impedance 
value.

• Stored electrograms, covered in Chapter 11, 
are actually a form of diagnostic data and often 
provide a wealth of clinical information.

• When in doubt, print it out!
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14 CHAPTER 14

A systematic guide to ICD follow-up

The fi rst time an ICD is programmed usually occurs 
either at or immediately following implantation. 
After that, regular follow-up visits are recommend-
ed, usually every 1–4 months. For chronic implants 
in stable patients, many follow-up sessions will be 
mere check-ups and will not require any special 
reprogramming. On the other hand, problems un-
covered in follow-up can be addressed and possibly 
even pre-empted by timely reprogramming steps.

These follow-up sessions are designed to make 
sure that both patient and device are doing well and 
interacting appropriately. While follow-up becomes 
a routine part of life for the ICD patient (and for the 
clinicians who treat them), in actuality, follow-up is 
a vital procedure with multiple goals and objectives, 
all pointing toward successful ICD therapy. The 
goals of ICD follow-up are:
• To assure that the patient is protected from life-

threatening ventricular tachyarrhythmias.
• To verify that the ICD is functioning properly.
• To fi ne-tune ICD parameter values to assure op-

timal clinical therapy for the patient and the most 
effi cient (not wasteful) settings for the device.

• To predict the need for possible interventions, in-
cluding device replacement (battery end-of-serv-
ice) or changes in patient’s condition that could 
require device adjustment, drug therapy, other 
procedures, and so on.

• To minimize complications for the patient.
• To keep track of patients, answer their questions, 

provide reassurance and education.
• To maintain ICD system records.

The goals of ICD therapy are lofty, but actual 
follow-up tends to become a rote process of sched-
uling, tests, and documentation. For this reason, it 
is important for clinicians to develop a systematic 
approach to ICD follow-up. A system assures that 
no step is ever inadvertently omitted or overlooked. 
A system assures that all tests and procedures are 

properly handled and documented, even when the 
clinic is hectic. And a system also trains clinicians on 
the basic things to look for in a follow-up session.

The challenge to a systematic approach to follow-
up is that ICD patients can be extremely different 
from one another. Some will be primary preven-
tion patients who have never had a documented ar-
rhythmia. Others may be bedridden with a host of 
other cardiac and other diseases complicating the 
picture. A few will be young, fi t, and otherwise in 
generally good health, while some will be nearing 
death. Obviously, follow-up has to take the unique 
history, condition, and prognosis of each patient 
into account. But again, the systematic approach 
assures that no step is forgotten and no test is ac-
cidentally skipped.

Most modern ICDs have automated follow-up 
protocols that can be easily accessed by the program-
mer. Some programmers and devices even allow 
clinicians to set up custom follow-up protocols in 
such a way that clinicians can select the automatic 
protocol by pushing a button on the programmer. 
(These are some examples of why one might want 
more than one follow-up protocol: different doctors 
in one clinical setting may request different proto-
cols; if the clinic is a center for a clinical trial, a trial 
protocol can be automated on the programmer for 
study subjects; and clinicians may want to set up a 
more abbreviated follow-up protocol for primary-
prevention patients.)

Whether or not the automated follow-up is used, 
it is still critical to understand the sequence and ele-
ments of the follow-up procedure.

Interrogation

Interrogation begins any follow-up session and it 
is done when the programmer wand is placed over 
the implanted device and an interrogate button is 
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pressed. The wand establishes telemetry with the 
device and the device begins to report basic infor-
mation to the programmer.

Today’s ICDs will often fl ag any new events dur-
ing the interrogation. Such new events might be 
new tachycardia diagnostic information or a new 
stored electrogram. It is possible to shortcut from 
this screen directly to the new information. For a 
patient who presents after some sort of episode or 
therapy delivery, the new information may be all 
the clinician needs to conduct the session. But when 
conducting a complete follow-up, this information 
may be retrieved now (or later) but the clinician 
would then select an automated follow-up protocol 
(see Fig. 14.1).

If the battery is getting low or if the impedance 
values on the leads are out of range, a warning screen 
will appear during interrogation. These conditions 
– low battery and possible lead damage – cannot be 
addressed by reprogramming the device. The clini-
cian must take steps to address these issues.

When the device indicates a low battery, an elec-
tive replacement surgery should be scheduled and 
the patient (if this is the fi rst replacement) should 

be educated as to what to expect from this surgical 
revision. (Replacing the generator is a much faster, 
easier procedure than an initial implant and most of 
the time, it can be done on an outpatient basis.)

If there is a problem with the leads, the clinician 
must accurately determine the nature of that prob-
lem (chest X-rays are usually a good starting place) 
and possibly schedule surgery, either to reconnect 
leads that have pulled out of the generator or to 
replace leads which are damaged or broken. (Lead 
replacement is almost as involved a procedure as the 
initial implant, which should be made clear to the 
patient. Compromised leads are generally capped 
and abandoned rather than extracted. In fact, ex-
traction should only be done with extreme cau-
tion and by a person experienced in the removal of 
chronically implanted leads. Additional risks to the 
patient are associated with lead removal.)

While custom protocols can be defi ned by the 
clinician, the choices for inclusion in this protocol 
compose the basics of any ICD follow-up session:
• Real-time measurements.
• Real-time ECG/EGM freeze.
• Stored EGM retrieval.

Initial Interrrogation: Stored Diagnostics and Electrgrams

Perform
Standard

Automated Follow-Up

New tachyarrhythmia diagnostics have occurred
since diagnostics were last cleared.

New Stored Electrograms are available.

Select
Custom

Retrieve New
Stored EGMS

Print Report Close

Fig. 14.1 Initial interrogation. After interrogating the ICD, the clinician learns that the device has stored some new 
tachyarrhythmia diagnostics and new stored electrograms since the last follow-up session. At this point, the clinician could 
retrieve the new electrograms and print out the diagnostics reports (buttons at the bottom left) or proceed to either a 
standard or custom protocol for automated follow-up.

Electrograms
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108  The Nuts and Bolts of ICD Therapy

• Capture test.
• Auto Update Morphology Template (for devices 

with this function).
• High-voltage lead integrity check.
• Documentation.

Real-time measurements

Real-time measurements provide some basic in-
formation on the device and patient as they are in-
teracting at the moment the data are captured. By 
pressing a button, the clinician can measure the sig-
nal amplitude (height of the signal) for the patient’s 
P-wave and R-wave, that is, for the intrinsic atrial 
and ventricular activity going on. The values report-
ed here are the fi ltered signal amplitudes, that is, the 
amplitudes the way the ICD sees them. These values 
are important to compare with sensitivity settings. 
If the real-time fi ltered ventricular signal is 3.8 mV, 
then sensitivity has to be adjusted in such a way that 
a signal of this size can be ‘seen’ by the ICD.

If the patient is being paced most of the time, it 
can be diffi cult to measure intrinsic atrial and ven-
tricular activity. In such cases, the clinician can take 
advantage of a special function called ‘temporary 
pacing,’ which allows the pacing function of the ICD 
to be programmed in a special way for a short dura-
tion of time. While programming the ICD clears di-
agnostics, temporary programming has no such ef-
fect. There are several ways to temporarily program 
the ICD to encourage intrinsic cardiac activity to 
break through (and get measured):
• The mode can be changed. If the device is pac-

ing in DDD mode, changing the mode to VVI (no 
atrial pacing) will allow any intrinsic atrial activ-
ity to break through.

• The rate can be reduced. If the device is pacing at 
60 ppm, lowering the rate to 40 or even 30 ppm 
assures that any activity faster than the temporary 
setting will inhibit pacing.

• Extending the AV or PV delay gives the ventricles 
more time to respond before a programmed out-
put is delivered. This is useful if the patient has in-
tact conduction but a slow ventricular response.
The pacing lead impedance values are also meas-

ured at this point (in a dual-chamber ICD, there will 
be an atrial and a ventricular pacing lead impedance 
value; in a single-chamber system, there will only be 
a ventricular pacing lead impedance value). Imped-

ance values for a pacing lead are not adjustable, but 
they should be carefully monitored. The acceptable 
range of impedance values for a lead tends to be large, 
but once the impedance value is recorded (ideally, 
soon after implant) it should remain fairly steady. 
Slight fl uctuations in lead impedance (say, about 
5%) are normal and mean very little as regards the 
device–patient interaction. However, a signifi cant 
change in lead impedance value (generally 200 Ω or 
higher) strongly suggests a lead problem, even if the 
new impedance value does not technically fall out 
of range. For example, if the pacing lead impedance 
value of the atrial lead was 420 Ω at the last follow-
up session, but 4 months later the atrial lead im-
pedance was measured at 742 Ω, that large change 
(322 Ω) indicates that something has compromised 
the integrity of that lead – even though 742 Ω may 
still technically fall within the ‘normal range’ of lead 
impedance values. Thus, while the ICD program-
mer will warn when impedance values go out of 
range (and either big increases or big drops can be 
warning signals), it is also important to compare the 
impedance values versus their previous values. For 
that reason, reports should be printed or impedance 
values noted by hand in the patient’s chart.

Real-time measurements will also report actual 
battery voltage along with a note as to the elective 
replacement voltage level (typically 2.45 V).

Once the clinician has reviewed this information, 
pressing the Update Trends button stores this infor-
mation in memory (see Fig. 14.2).

Real-time EGM

Most automated protocols allow the device to record 
several seconds (typically 16) of real-time electro-
gram before advancing to the stored EGM screen. 
This real-time EGM can be viewed to observe the 
pacing function of the ICD. The stored EGM allows 
the clinician to access any electrograms in memory. 
As a time-saving device, the stored EGM will fl ag 
any new EGMs that have been stored since the last 
follow-up visit. While clinicians are free to review 
any stored EGMs in the system, the most recently 
stored EGMs are generally the ones of real interest.

If no new EGM is in the system, the screen will 
alert the clinician that there are no new electrograms 
to review. For many ICD patients, it is not unusual 
to have no new electrograms at follow-up.
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Capture testing

The capture tests evaluate only the pacing func-
tionality of the ICD. Since many ICD patients are 
pacemaker dependent or require a large degree 
of pacing support, the appropriate pacemaker 
function of the device is crucial to good therapy. 
Capture refers to the depolarization of the heart 
in response to an electrical output pulse. Without 
capture, the pacemaker has no effect on the heart 
and the patient is not getting the stimulation he or 
she needs. Of course, a relatively large amount of 
electrical energy assures that a pacing output will 
reliably capture the heart. The problem with this 
approach is that using high-output pacing pulses 
to providing pacing support can waste energy. 
Thus, clinicians need to know the capture thresh-
old, that is, the smallest amount of energy that 
will reliably and consistently capture the heart. In 

order to accommodate possible variations in the 
capture threshold (capture thresholds are not sta-
ble, but vary over the course of a day, with time, 
disease progression, medications, and other fac-
tors), clinicians program a ‘safety margin’ or extra 
incremental amount of energy on top of the cap-
ture threshold to be sure that the capture threshold 
is suffi cient to capture the heart over time.

Since capture thresholds can vary and since many 
of the causes of variations seem to describe ICD pa-
tients (disease progression, drugs), it is wise to check 
capture thresholds during each follow-up. There are 
two ways to run a capture threshold test: manually 
(the clinician programs the steps by hand) or semi-
automatic (most of the test progresses automatical-
ly with occasional programming by hand required). 
The basic principle of capture testing is to decrease 
the pacing output in small steps till the point that 
capture is lost (see Fig. 14.3).

Automated Follow-Up: Real-Time Measurements
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Fig. 14.2 Real-time measurements. In this example, the ICD was able to measure reasonable values for the intrinsic signal 
amplitudes in atrium and ventricle without requiring temporary pacing. The atrial signal was 2.0 mV and the ventricular 
signal was 4.4 mV. Pacing lead impedance values were 730 and 760 Ohms (Ω), which are within normal range. The ICD 
reports that battery voltage is greater than 3.20 V, well above the 2.45 V of elective replacement. After reviewing the 
information, the clinician should press Update Trends (bottom, middle) before pressing the button at the bottom right to 
Continue Follow-Up. Updating trends stores these real-time measurements into the device’s memory.
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When testing capture, the running real-time 
ECG should be used to verify pacing activity. Once 
pacing activity is confi rmed, the parameter to be 
tested should be stepped down (this happens auto-
matically in the semi-automatic test). Each time the 
output is reduced, the ECG should be checked to 
confi rm that capture is still occurring. At the point 
that capture is lost (that is, the ICD delivers a pacing 
spike but there is no resulting depolarization of the 
heart), the test should be ended.

The programmer will capture and freeze the test 
electrogram. (Note that this is an electrogram, taken 
from within the heart by the pacing leads, rather than 
a surface ECG.) Using the frozen EGM and the scroll 
keys (arrows), the clinician can see the actual point 
where capture was lost. This information can be stored 
in the device. Knowing the capture threshold allows 
the clinician to program pacing output parameters 
appropriately. For example, if the capture threshold 
for the ventricle is determined to be 1 V, using the 
standard 2:1 safety margin for pacing, the ICD should 
be programmed to deliver a ventricular pacing out-
put of 2 V. This gives the patient a safe pacing output 
pulse to assure consistent capture – but it is not overly 
wasteful of battery energy (see Fig. 14.4).

Auto Update Morphology Template

If the ICD has Morphology Discrimination, fol-
low-up should include a step to automatically up-
date the template. The template is a ‘snapshot’ of 
the patient’s current QRS morphology at sinus rate. 
The update step allows the device to automatically 
check the currently stored template (that is, what 
the device ‘sees’ as the ‘normal sinus rate’ in terms 
of QRS shape) against the patient’s current QRS 
morphology. If they are similar, the template is vali-
dated. If they are not suffi ciently similar, the device 
automatically creates a new template based on the 
current QRS morphology.

High-voltage lead integrity check

The ICD has one lead in the ventricle through 
which it delivers shock therapy. This lead is known 
as the high-voltage lead, the defi brillation lead, or 
sometimes even the tachycardia lead. ICD follow-
up should include a simple test to verify the proper 
functioning of this lead and to confi rm that there is 
no suggestion that the lead is damaged or otherwise 
compromised. The device tests the defi brillation 

VentricleChamber:

Pulse AmplitudeTest Parameter:

Semi-AutomaticTest Method:

6Cycles Per Step:

90 ppmBase Rate:

2.5 VPulse
Amplitude:

0.5 msFixed
Pulse Width:

150 ms90 ppm180 msAV delay:DDDMode:
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Test
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Trends
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PacingNipsFibberCapture
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Fig. 14.3 Capture testing. Capture testing is one of the most important parts of checking out pacing function of an ICD. 
In this example, the clinician has programmed a ventricular capture test of the pulse amplitude using a semi-automatic 
test method. To test capture, the device has to be pacing. If it is not (that is, if there is a lot of intrinsic activity), pacing 
parameters such as mode, rate, and AV or PV delay can be adjusted on a temporary basis to assure that pacing occurs. (For 
example, a higher base rate or shorter AV or PV delay encourage pacing.)

Capture 
Testing
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lead by delivering a 12 V ‘shock’ through the shock-
ing electrodes. While 12 V is not a large amount 
of energy (many pacemakers can be programmed 
under extreme conditions to deliver 10 V pacing 
outputs), most patients will be able to feel the 12 V 
‘shock.’ Some may even fi nd it painful and distress-
ing. While this test is important and should be run 
periodically, it may not be necessary at every follow-
up session.

In this test, the clinician programs the electrode 
confi guration desired (RV to SVC/can or RV to can), 
initiates the test, and reviews the high-voltage lead 
impedance values. The patient should be properly 
prepared for this test and advised that he or she may 
feel a twitch across the chest. The lead impedance 
value may not match the lead impedance values 
reported during actual therapy deliveries; the dis-
crepancy is due to the fact that high-voltage therapy 
uses a much larger amount of energy than the 12 V
test output. The most important outcome of this 

test is whether or not the lead was able to deliver the 
output to the heart.

Documentation

Upon completion of the follow-up sequence, re-
ports should be printed and put into the patient’s 
chart. These include diagnostics, real-time measure-
ments, capture test results, and even the parameter 
summary (a list of how the device is programmed). 
Most programmers allow clinicians to select what 
they want to print out and receive the copies auto-
matically (see Fig. 14.5).

Programming

As a result of the follow-up information, it may be 
necessary or advantageous to adjust the parameter 
values of the ICD. Before this is done, it is prudent to 
double-check that all of the desired diagnostics have 
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Fig. 14.4 Capture test EGM. The electrogram from a capture test has been frozen and can be scrolled (using arrow keys, 
bottom right) for review. The annotations show that the device captures the ventricle at 1 V but failed to capture the 
ventricle at 0.75 V, establishing a ventricular capture threshold of 1 V. Conventional safety margins are 2:1 or sometimes 
(more rarely) 3:1, which would mandate programming the ventricular pulse amplitude in this device to 2 V or possibly 
even 3 V.
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been printed out, since programming automatically 
erases the diagnostic counters.

Programming the ICD is done using the on-
screen prompts, which can also point out when 
programmed parameters might potentially confl ict 
with each other. Device parameter settings are avail-
able in ranges, usually at fi ne incremental settings. 
The clinician should consult with the device manual 
to learn more about programmable options, default 
settings, and any special considerations about pro-
gramming certain values. If parameter settings are 
changed, this should be noted in the patient’s chart.

Answering the patient’s questions

Part of every follow-up session should be some time 
set aside to address specifi c complaints, concerns, or 
questions raised by the patient. While every patient 
is unique and there is no way to provide blanket 
guidelines for all ICD patients under all circum-

stances, there are some common questions – and 
some good, all-purpose answers.
• Do I have to limit my physical activities now that I 

have an ICD?
 The fi rst 2 weeks after implant, you should not 

raise the arm on the implant side of the body over 
your head. In the fi rst 6 weeks after implant, you 
should avoid strenuous activity, swimming, golf, 
tennis, and weight lifting. After about 6 weeks, you 
can resume your normal activities (with physician 
approval).

• Can I play all kinds of sports?
 You should avoid contact sports (basketball or 

football) but not because of the exertion. Rough 
contact in the area of the implant could damage 
the device. Boxing is out, too! While doctor’s or-
ders must be taken into account, most ICD wear-
ers can walk, jog, golf, play tennis, garden, and 
generally enjoy the things they used to enjoy be-
fore they got an ICD.

Fig. 14.5 Automated reports. After running through the automated follow-up sequence, the clinician has decided to 
obtain printouts of the parameter summary (how the device is programmed at the moment), patient info and lead system 
data, the newest tachycardia diagnostic data, the newest stored EGM, and bradycardia diagnostics. This time, the clinician 
has decided not to print out real-time measurements or capture test results. It is important to obtain all of this information 
before programming the ICD, since programming the ICD automatically clears the diagnostic counters.
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• Can I go swimming?
 While many ICD patients can and do swim, this 

varies by the patient. The water will not damage 
the ICD. You can shower, bathe, or even do water 
aerobics with no problem. However, patients who 
tend to have a lot of episodes and get shocked are 
urged to avoid putting themselves into situations 
where they might possibly have an episode in deep 
water – and drown.

• What happens if I get a shock?
 Any time you get an ICD shock, you should call 

your doctor. If you get two shocks in a row, that 
is, in a relatively short period of time, you should 
come into the doctor’s offi ce for a follow-up ses-
sion. At the very least, the device should be in-
terrogated and the stored EGM or diagnostics 
checked to see what caused the shock.

• What if I get a whole bunch of shocks?
 If you ever get three shocks or more in a relatively 

short period of time, call 911 and seek emergency 
help.

• What does a shock feel like?
 ICD patients have reported all sorts of descrip-

tions. At one extreme are patients who receive 
high-voltage therapy and don’t know it or aren’t 
sure they had it. For them, shocks are very mild, 
maybe even unnoticeable. At the other extreme 
are patients who describe a high-voltage therapy 
delivery as like being kicked in the chest by a mule. 
Probably the most common response is some-
where between these two extremes. Most patients 
do fi nd them painful.

• Can I drive now that I have an ICD?
 Do not drive a car until you have received per-

mission from your physician. Many localities 
have regulations which restrict or even prohibit 
driving for ICD patients. The concern is that you 
might have an episode while behind the wheel, en-
dangering not just your life, but the lives of your 
passengers and other motorists. If you have had 
a recent VT/VF episode, you should not drive for 
about 3 months. If you have frequent, recurrent 
episodes, you should not drive at all. This can be 
very inconvenient, but it is for the safety of your-
self and others.

• Can I travel?
 If your doctor fi nds you fi t enough, absolutely. 

Always carry your patient ID card and request a 
pat-down search at airport or security check-ins 
rather than walking through the metal detector. 
Most large airports are very familiar with dealing 
with pacemaker and ICD patients and will get you 
checked quickly and effi ciently.

• Can I use a microwave oven?
 Yes. Most household appliances will not interfere 

with your ICD.
• Should I tell my other physicians about the ICD?
 Yes! Always tell your doctors, dentists, healthcare 

practitioners and others involved in your care that 
you have an ICD. Carry your ID card at all times. 
Wearing a special identifying bracelet is also high-
ly recommended.

• Can I still engage in sexual activity?
 ICD patients who are healthy enough for sex can 

continue to have sex.
• Do other people have these same concerns?
 Yes. More and more Americans have ICDs and 

many hospitals have started support groups. 
These groups get together regularly to learn about 
their heart condition and to share their own con-
cerns, tips, and encouragement. Many people 
have found ICD support groups vitally important 
in adjusting to ICD therapy.

Conclusion

Clinicians should approach ICD follow-up system-
atically to be sure that the ICD will be able to provide 
safe, effective therapy if and when the patient needs 
it. In addition, ICD follow-up can help fi ne-tune 
the device for optimal performance and be a good 
forum to educate the patient about ICD therapy. To-
day’s automated follow-up protocols make follow-
up quicker and easier than ever while assuring that 
no step is ever inadvertently overlooked. Clinicians 
should take advantage of follow-up sessions to be 
sure that the patient is adjusting well to the therapy 
and does not have unanswered questions.
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The nuts and bolts of ICD follow-up

• ICD follow-up is intended to keep the 
patient safe by making sure that the device is 
functioning properly.

• Automated follow-up is available for newer 
ICDs and should be used whenever possible, 
because automated sequences make sure no test 
is ever skipped by accident.

• Follow-up can show clinicians where the device 
may need to be reprogrammed and alert them 
to possible serious conditions (lead damage, for 
example).

• Interrogation identifi es the device and will fl ag 
the clinician about new episode data and warn 
them about potentially dangerous conditions 
(such as low battery voltage or lead impedance 
values that are out of range).

• Real-time measurements provide telemetered 
measurements of signal amplitudes, impedance 
values, and battery voltage.

• Pacing lead impedance values should be checked 
and compared at each follow-up, since a large 

fl uctuation in values (even if those values stay 
within range) suggests a lead problem.

• The real-time EGM shows how the patient and 
device are currently interacting. Remember that 
the EGM shows cardiac activity exactly how the 
ICD ‘sees’ it.

• Capture testing should be performed during 
follow-up to be sure that the pacing outputs are 
adequate to consistently capture the heart.

• The high-voltage lead integrity test should be 
performed regularly (although perhaps not at 
every follow-up) to verify that the high-voltage 
or tachycardia lead is functioning properly.

• After follow-up, the clinician should print out 
reports to document the follow-up.

• No programming should occur until all 
diagnostics are printed out, since programming 
clears the diagnostic counters.

• Follow-up can be a good opportunity to educate 
the patient and address their questions about 
therapy and their ‘new life’ as ICD patients.
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15 CHAPTER 15

Troubleshooting

Today’s ICDs are technologically advanced, highly 
sophisticated, and extraordinarily reliable devices. 
But like any therapy, there is always the potential for 
problems or at least the opportunity for improve-
ment. Problems with chronic ICD systems tend to 
fall into two large categories: either the device does 
not deliver therapy when it should have or the de-
vice delivers therapy when it is not required. Trou-
bleshooting these problems can be approached sys-
tematically.

ICD does not deliver therapy

This is the more serious category of problems, since 
ICD therapy can literally be a life and death matter 
for patients. In the event that the patient presents 
in cardiac arrest or some form of cardiac distress, 
the fi rst priority must be stabilizing the patient. 
However, if the patient presents in relatively good 
condition but there is evidence that the ICD has not 
delivered therapy when it should have, the problem 
needs to be determined.

Step one: Get the history of the patient 
and the device
Before launching any troubleshooting action, it 
is important to understand the patient’s condi-
tion, their current drug regimens, the type and 
programmed settings of the device, and what the 
patient was doing when a ‘miss’ in therapy delivery 
occurred.
• A change in the patient’s condition can mean that 

the previously programmed parameter settings of 
the device are no longer appropriate. Has the pa-
tient got worse? Have new substrates been discov-
ered? Have new rhythm disorders (for example, 
atrial fi brillation) been diagnosed? In such cases, 
the device may have done exactly what it was pro-
grammed to do, but the patient’s changed condi-

tion means that therapy was not delivered when it 
was needed.

• A change in pharmacological therapy can be at the 
root of the problem. Find out all of the medications 
the patient is taking, with particular emphasis on 
recent changes (new drugs, discontinued drugs, 
changes in dosage). Some anti-ar rhythmic agents 
are known to have pro-arrhythmic qualities; 
taking a new anti-arrhythmic may be provoking a 
new arrhythmia that the ICD is not programmed 
to handle. Other drugs can cause elevations in 
DFT (defi brillation threshold), which means that 
even if therapy is delivered, it may not be effec-
tive.

• Verify the programmed parameters of the device 
and as much device history as is available. The 
problem may be that the device is doing exactly 
as it is programmed, but it is not programmed 
to meet the patient’s need. (For example, if the 
device failed to deliver therapy for a ventricular 
tachycardia (VT) of 160 bpm that caused the pa-
tient signifi cant symptoms but the device had a 
tachy rate cut-off value of 180 bpm, the device is 
doing exactly as it was programmed … but the 
programmed parameters require adjustment.) Be 
particularly vigilant about recent programming 
changes, if they are known to you.

• Find out what the patient was doing at the time. 
Did he or she experience any symptoms? Syncope? 
Was this an isolated incident or was this a recur-
ring pattern? If they had experienced such epi-
sodes before, are they now more frequent or more 
severe? Find out the date and time of the event(s) 
for mapping the episode against device diagnos-
tics. Since interference or magnet application can 
inhibit therapy, fi nd out if the patient had been in-
advertently exposed to such an environment (arc 
welding, high-voltage lines, industrial magnets, 
MRI machines, and so on). Such interference can 
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inhibit therapy in a device that is otherwise work-
ing properly.

Step two: Get the device’s side of the 
story
Using device diagnostics and the stored EGMs (if 
available), it is important to fi nd out if the episode 
was captured in any way.
• Was therapy delivered during the time in ques-

tion? While most patients are painfully aware 
of shock therapy, lower voltage therapy and 
anti tachycardia pacing (ATP) can occur with-
out the patient noticing anything. Just because 
the patient reports that no therapy was deliv-
ered does not mean it’s true. If therapy was de-
livered, verify that therapy failed and find out 
what was supposed to occur. Most devices are 
programmed to step up therapy delivery if ini-
tial therapies fail.

• Was an arrhythmia diagnosed at the time in ques-
tion? For this, the clinician needs to look at tachy-
cardia diagnostics. Was there high-rate activity 
at that time? If it was captured on a stored EGM, 
use that to determine what arrhythmic events oc-
curred and how the device annotated them. Was 
VT diagnosed? If not, why not? For example, 
perhaps there was high-rate activity, but it was 
not high enough according to the device’s pro-
grammed tachycardia detection rate values. VT 
may have been diagnosed, but perhaps discrimi-
nators or other functions ruled that the arrhyth-
mia was an SVT (supraventricular tachycardia)  
rather than a VT. If the arrhythmic event can be 
located and the programmed parameters were ap-
propriate, and the ICD responded properly – it 
may be that the patient’s episode had some other 
cause than something the ICD treats. For exam-
ple, atrial fi brillation (AF) can produce debili-
tating symptoms, but it is not a rhythm disorder 
which the ICD treats.

• What sort of therapy is programmed? Double-
check that therapy was not unintentionally dis-
abled. (This might happen if the patient had some 
sort of procedure which required ICD therapy to 
be turned off during the operation, and it was not 
properly turned back on.)

• If therapy was delivered, was it adequate? For ex-
ample, if the patient gets symptomatic VT that 
is treated by ATP (which sometimes works and 

sometimes does not), it may be necessary to be 
sure that VT is treated more aggressively. For 
high-voltage therapy, fi nd out how much energy 
was delivered; it may not be enough to defi brillate 
the heart. DFTs can change over time, even with-
out changes in drug regimens; a 10 J shock that 
worked previously may no longer suffi ce.

• Was therapy aborted? For example, did the patient 
experience a nonsustained VT which produced 
symptoms but which resolved before therapy was 
to be delivered? This could be appropriate behav-
ior on the part of the device, and something the 
patient might perceive as ‘missed’ therapy because 
he or she still had symptoms.

• Does the device appear to be working overall? 
Low battery voltage can cause the device to inhibit 
therapy, even if therapy is mandated.

Step three: Look for undersensing
If nothing turns up to this point, it may be that ar-
rhythmic activity is occurring but the ICD just does 
not recognize it. Undersensing refers to a condition 
when the ICD’s sensitivity setting is too high and 
cardiac activity passes by ‘unseen.’ Undersensing 
means that an arrhythmia will not be recognized 
and thus go untreated.
• Using real-time measurements, fi nd out what the 

intrinsic R-wave and P-wave amplitudes are. (If 
the device paces constantly, use temporary pacing 
to lower the base rate or extend the AV or PV delay 
to encourage the native rate to break through.) If 
signals are reasonably large (1 V for atrium, 4 V 
for ventricle), the device should be able to sense 
these. If small signals are found or if stored VT/VF 
EGMs in memory reveal small-amplitude VT/VF 
episodes, it may be that during an arrhythmia, the 
patient’s signal amplitude gets so small that the 
device no longer sees them.

• Verify sensing parameters. Most ICDs rely on a 
dynamically self-adjusting sensitivity parameter, 
but this can often be overridden by a manually set 
value. Verify that sensing is properly programmed 
to accommodate the patient’s intrinsic signals. If 
sensitivity adjustments seem necessary, it is rec-
ommended to contact the technical services staff 
of the manufacturer or the manufacturer’s rep-
resentative, particularly for clinicians not very 
experienced in programming ICD parameter 
settings.
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Step four: Verify ICD parameter settings
Modern ICDs are designed to offer intuitive, easy-
to-navigate parameter settings, but sometimes soph-
isticated programming options can obscure basic 
therapy. Check out how the ICD is programmed.
• What is the tachycardia detection rate? Is it ad-

equate? It may be too high for the patient’s current 
condition, that is, the patient experiences symp-
toms at VT rates lower than the cut-off value.

• What sort of therapy is programmed? If ATP is 
programmed, how effective is ATP at breaking 
VT? While ATP is an important therapeutic tool 
in the electrical management of VT, it does not 
work for all patients. If lower energy shocks are 
programmed, how effective are they? Therapy 
delivery may have to be programmed to more 
aggressive settings.

• What sort of discriminators are in place? Was a dis-
criminator used to inhibit therapy? If so, does the 
stored EGM show that this was appropriate? While 
SVT discrimination is an important innovation in 
ICD therapy, not all discriminators are appropri-
ate for all patients. If the patient has symptomatic 
episodes and the device shows that discriminators 
inhibit therapy, those discriminators should be 
scrutinized and most likely turned off.

Step fi ve: Consider the lead
The pacing and shocking electrodes of the ICD sys-
tem may be at the root of a device problem.
• Check lead performance, using impedance values 

(real-time measurements on the programmer) 
and proper pacing behavior on the real-time 
EGM. If the device is not normally pacing, use 
temporary pacing to program a higher base rate 
or shorter AV or PV delay to encourage pacing ac-
tivity. Impedance values should be in the normal 
range and not greatly different from their value 
at the last follow-up session (a great difference is 
commonly regarded as any change, up or down, of 
200 Ω or more).

• Capture testing should be performed if there is 
any suspicion about pacing lead integrity. Failure 
to capture or great changes in capture thresholds 
could indicate a lead problem (or other problems, 
such as elevated capture thresholds).

• Perform the high-voltage lead integrity test to 
check that the defi brillation lead is working prop-
erly. This can be done as part of a follow-up ses-

sion and does not require conscious sedation or a 
cath lab setting. Does the high-voltage lead seem 
to be working properly?

• If there are out of range impedance values, great 
changes in impedance values, or if the leads do not 
pass their appropriate tests, there may be a lead 
problem. The next step is to arrange a chest X-ray 
to ascertain if the lead is fractured, bent, broken, 
knicked, or otherwise compromised. (Note that 
not all problems will show up on an X-ray, but 
many will.)
Once the cause(s) of the problem is determined, 

the clinician should take immediate steps to correct 
it. These steps typically include adjusting device 
parameter settings, counseling the patient (for in-
stance, to avoid high-interference environments), 
or replacing damaged leads.

In some cases, patients should undergo electro-
physiologic (EP) testing or a procedure known as 
device-based testing. Device-based testing, also 
known as noninvasive programmed stimulation 
(NIPS), evaluates the patient’s response to device 
therapy. The patient would be consciously sedated 
in the procedure, which often requires a short hos-
pital stay. While this is a ‘drastic’ step, it can be useful 
if:
• There is suspicion that the nature of the patient’s 

arrhythmic activity has changed signifi cantly.
• The patient has not had any therapy delivery or 

diagnostic reports for a very long time.
• The patient complains about symptomatic 

episodes that the clinician cannot track down 
through the ICD.
During NIPS or EP testing, VF is induced in the 

patient and then treated with the device to verify 
proper response and adequate parameter settings. 
Because of the nature of NIPS or EP testing, it falls 
beyond the scope of this book. Clinicians concerned 
about troubleshooting a device who conclude that 
device-based testing is required should refer such 
patients to electrophysiologists or device specialists 
for this particular type of test.

ICD delivers inappropriate therapy

Inappropriate therapy refers to the delivery of high-
voltage therapy to a patient even when the patient 
does not require it. While the consequences of inap-
propriate therapy may seem less severe than ‘miss-
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ing’ therapy, it can still be dangerous. High-voltage 
therapy is distressing to the patient, and most people 
fi nd shock therapy painful and upsetting. Frequent 
unnecessary shocks can cause tremendous psycho-
logical stress, even trauma, to the patient. Further-
more, a run of inappropriate therapy can deplete the 
ICD battery to the point that there is no voltage left 
when the patient actually requires a rescue shock. 
For that reason, inappropriate therapy merits the 
clinician’s full attention.

Step one: Get the history of the patient 
and the device
• Why was the ICD originally prescribed? Has any-

thing changed (new prescriptions, new condi-
tions)? For example, has the patient recently been 
diagnosed with AF or some form of atrial tachyar-
rhythmia? Has the patient ever experienced inap-
propriate shocks in the past?

• Verify that the device is programmed appropriate-
ly. A very common cause of inappropriate shocks 
is shock therapy delivered when an SVT is de-
tected. Are there SVT discrimination algorithms 
available in the device? Are they programmed or 
disabled? If they are programmed, are the settings 
appropriate?

• What is the tachy detection rate? If it is pro-
grammed too low, the device may deliver therapy 
when the patient is not symptomatic (for instance, 
the cut-off rate is programmed to 160 bpm but the 
patient tolerates arrhythmias up to 190 bpm).

• What was the patient doing when shocks were 
delivered? Were they in an environment that in-
cluded potential interference (metal detectors, 
high-voltage areas, industrial magnets)? A high-
interference environment can provoke double-
counting (see Step three) and trigger inappropri-
ate therapy delivery.

• Did the patient experience any symptoms? The 
absence of symptoms does not necessarily indi-
cate the absence of a real VT.

Step two: Get the device’s side of the 
story
In the case of inappropriate therapy, the ICD will 
have recorded diagnostic data and a stored EGM. 
These are valuable tools to access to determine what 
the ICD ‘thought’ was going on – and why it did 
what it did.

• Did the ICD actually deliver therapy? What was 
the initiating event? How did the ICD diagnose 
the arrhythmia? What was the actual arrhyth-
mia?

• Did the ICD diagnose the arrhythmia correctly? If 
it diagnosed an SVT as a VT (which is a common 
cause of inappropriate shock), were discrimi-
nation algorithms programmed? The clinician 
should evaluate the availability of discriminators 
and program them carefully. Evidence from an in-
appropriate therapy can provide valuable insight 
into what type(s) of discriminators would be 
most useful for the patient. Not all discriminators 
are effective in all patients.

• What sort of therapy was delivered? If high-
voltage therapy was delivered in response to a 
‘slow VT,’ is there reason to think that the patient 
might not be better treated with initial ATP or 
lower energy shocks? What sorts of arrhythmias 
does the patient typically experience? If the pa-
tient has multiple types of arrhythmia, is tiered 
therapy programmed?

• Is the device ‘seeing’ an arrhythmia that isn’t there?

Step three: Look for double-counting
Double-counting is a sensing problem in which the 
ICD mis-counts ventricular activity. One form of 
double-counting occurs when ventricular activity 
as well as T-wave repolarizations are both perceived 
by the ICD as intrinsic ventricular events. As a re-
sult, a natural ventricular rate of 100 bpm is counted 
by the device as 200 bpm … a VT, because the ICD 
counts the QRS complex and the resulting T-wave 
as separate ventricular events. Double-counting 
can also occur if the pacing spike is counted as an 
intrinsic ventricular event or when extracardiac 
signals (such as myopotentials or muscle noise) are 
counted by the ICD as ventricular events, in addi-
tion to the actual intrinsic ventricular events.
• If double-counting is occurring, there should be 

evidence on the annotated stored EGM for ther-
apy delivery. What is the device counting as an R-
wave? Is the device double-counting T-wave repo-
larizations? Has the patient changed or added any 
drugs which affect repolarizations (for example, 
anti-arrhythmics)?

• Has the patient been exposed to an environment 
with interference, which provoked the device into 
misperceiving ventricular activity?
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• Is the device appropriately programmed to mini-
mize double-counting? Sensitivity and refractory 
periods should be assessed.

• Is the pacemaker programmed to unipolar out-
put? This produces a larger artifact than bipolar 
output. If double-counting is suspected, make 
sure that pacing is occurring in a bipolar confi gu-
ration.

Step four: Verify ICD parameter settings
Many times, careful reprogramming of the ICD will 
eliminate inappropriate therapy.
• Certainly much (if not most) inappropriate 

therapy occurs when the device delivers therapy 
in response to an SVT rather than a VT. Careful 
programming of SVT discriminators is impor-
tant. If no SVT discrimination algorithms are 
programmed, at least some of them should be ac-
tivated.

• If the ICD has Morphology Discrimination, a 
template update (which can be done manually) 
should be performed. A change in QRS morphol-
ogy can allow the device to think a sinus rhythm 
is actually a VT.

• If double-counting could be involved, check sen-
sitivity settings and refractory periods.

• Check pacing parameters as well. Bipolar pacing 
(as opposed to unipolar pacing) can minimize 
double-counting.

• Confi rm that the tachy detection rate is appropri-
ate. If the cut-off rate is very low, therapy may be 
delivered in patients who are otherwise hemody-
namically stable. (For example, if the tachy de-
tection rate is 160 bpm but the patient does not 
experience symptoms unless rates are 175 bpm 
or higher, the cut-off rate should be adjusted to 
minimize inappropriate therapy.)

• Does the patient experience signifi cant atrial 
tachy arrhythmias with rapid ventricular re-
sponse, in particular atrial fi brillation and atrial 
fl utter? Atrial tachyarrhythmias are often pro-
gressive in nature and can occur suddenly in pa-
tients who had not experienced them previously. 
Increasingly aggressive atrial rhythm disorders 
require more aggressive SVT discriminators.
Table 15.1 provides a troubleshooting matrix.
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Patient 
complains 
about Possible cause Evidence Remedy

Syncope 
with no 
therapy

Battery low or 
depleted

Use programmer to check battery status Replace ICD

Lead damaged or 
dislodged

Impedance out of range, large impedance changes, 
failure on high-voltage lead integrity check, X-ray 
shows damage

Replace lead(s)

Device inactivated Can be caused by inadvertent programming, magnet 
or backup mode, reversion; seen on programmer

Activate device

VT occurs but is 
below cut-off rate

Patient has symptomatic VT at rates below tachy 
detection rate; may be captured on EGM or diagnostics

Lower tachy detection rate

SVT discriminators 
too aggressive

Patient has symptomatic VT that meets certain SVT 
criteria

Make SVT discriminators less 
aggressive or turn them off

Sensing problem Device is undercounting because it does not see all the 
signals (many VTs have low-amplitude signals)

Adjust sensing

Bradycardia No evidence of VT but EGM or other evidence of 
bradycardia without adequate pacing support

Program more aggressive 
pacing parameters (e.g. higher 
base rate)

Noncardiac cause Other medical tests required Can’t be fi xed by adjusting the 
ICD!

Shock 
without 
symptoms

Patient had VT/VF 
but no symptoms

EGM shows appropriate therapy response to VT/VF Counsel patient
EGM shows shock delivered to slow or moderate VT 
when perhaps ATP would have suffi ced

Program ATP 

SVT is perceived 
as VT

EGM shows shock delivered in response to an SVT; SVT 
discrimination algorithms may not be programmed or 
programmed to very liberal values

Program SVT discrimination or 
make SVT discriminators more 
aggressive

Double-counting EGM shows device is counting far-fi eld signals or T-
waves as ventricular events

Increase ventricular refractory 
period; decrease ventricular 
sensing

Pacing is unipolar Change to bipolar pacing
Only occurs when patient is in certain high-
interference environments (device is counting noise)

Avoidance of those 
environments

Shock(s) 
but 
symptoms 
persist

Elevated DFT Evidence of appropriate shock at value that used to 
defi brillate patient, but arrhythmia not broken

Increase energy output

Shock accelerates 
VT

Evidence of appropriate shock that accelerates 
arrhythmia

Increase energy output

Multiple 
shocks 
in short 
period of 
time

Electric storm, 
incessant VT, 
ineffective 
previous therapies

Evidence of appropriate shocks but unbroken VT/VF Appropriate; counsel patient

SVTs EGM shows therapy is being delivered to incessant SVTs Program SVT discriminators or 
make them more aggressive

Double-counting Evidence that device is double-counting T-waves or 
interference

Increase ventricular refractory 
period; decrease ventricular 
sensing

Interference High-interference environment or special situation 
provoked multiple therapies

Avoidance

Never 
had any 
therapy

No VT/VF Patient reports no symptoms, no EGM or diagnostic 
evidence of VT/VF

Appropriate

Inadequate 
programming

Patient has symptoms, EGM or diagnostics show 
evidence of VT/VF, device never delivers therapy

Verify HV lead integrity, battery 
status, parameters; may require 
device-based testing

Device not 
activated

Programmer shows device was inadvertently or 
intentionally programmed off and not reset

Program on

Table 15.1 Troubleshooting matrix
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• There are two main causes for ICD 
troubleshooting: either the device did not 
deliver therapy when it should have (causing the 
patient to have a symptomatic episode) or the 
device delivered inappropriate therapy. While 
patients may present with these complaints, 
evidence of such events may also turn up from 
diagnostic or stored EGMs obtained in routine 
follow-up.

• Of these two scenarios, therapy not delivered 
is by far the most serious and merits the most 
rigorous clinical attention.

• Patients can have syncopal spells for any 
number of reasons that have nothing to do with 
the device. This should be considered when 
troubleshooting the device.

• Systematic troubleshooting means getting the 
patient’s history, checking device diagnostics, 
checking for sensing anomalies, verifying 
parameter settings, and checking for possible 
lead problems.

• Changes in the patient’s condition and drug 
regimen can have ramifi cations for their 
ICD therapy. Parameter settings that worked 
previously may be ineffective if the patient’s 
DFT increases or if the patient suddenly 
develops atrial fi brillation.

• Interference or exposure to ‘noisy’ environments 
can cause the ICD to double-count (and deliver 
inappropriate therapy), inhibit therapy, or 
even inactivate the device. It is important to 
understand the patient’s environment when 
symptomatic episodes occurred.

• SVT is the most common cause of inappropriate 
therapy delivery and can often be effectively 
addressed by programming SVT discrimination 
algorithms.

• If therapy was delivered but not effective, the 
patient’s DFT may have changed. DFTs are not 
static values, so this is not unusual. In such cases, 
it is useful to increase the energy output of the 
therapy.

• If the patient gets frequent high-energy shocks 

for slow VT, ATP therapy should be considered. 
ATP does not work for all patients, but it has 
been shown to be effective in managing slow 
VTs in some patients. The added benefi t is 
that it spares patients high-energy shocks and 
potentially saves battery energy.

• VT/VF is often characterized by low-amplitude 
signals. Sensitivity settings have to be sensitive 
enough (low enough) to detect even small-
amplitude signals.

• Improper programming of the ICD can cause 
double-counting, such as might occur when the 
ICD counts both intrinsic QRS complexes and 
the T-wave as ventricular events; programming 
a longer ventricular refractory period can 
handle this factor.

• A common cause of withheld therapy during a 
VT is a tachy detection rate programmed too 
high.

• If the lead(s) are damaged, fractured, broken, 
dislodged, disconnected, or if the insulation is 
breached, it can show up as a variety of different 
problems with the ICD. Such problems include 
no therapy delivery, inadequate therapy delivery, 
and improper sensing. Lead problems usually 
require the implantation of a new lead; the 
damaged lead is usually capped and abandoned 
in place rather than removed. Extracting a 
chronic lead is a very serious procedure with a 
high risk of life-threatening complications and 
should only ever be undertaken by a specialist in 
such procedures.

• EP testing or device-based testing may be 
required to evaluate how the patient and device 
respond to induced VT/VF. This should only be 
done by an electrophysiologist.

• Some device troubleshooting is fairly basic: it is 
not unusual that environmental noise provoked 
a problem, that the device was inadvertently 
programmed off, or that basic parameters 
(SVT discriminators, tachy detection rate) 
were not programmed or were programmed to 
inappropriate settings.

The nuts and bolts of ICD troubleshooting

1405135115_4_015.indd   1211405135115_4_015.indd   121 06/10/2005   15:26:5306/10/2005   15:26:53



1405135115_4_015.indd   1221405135115_4_015.indd   122 06/10/2005   15:26:5406/10/2005   15:26:54



123

Glossary

ablation A surgical process to remove tissue. An 
AV nodal ablation removes an area of the AV 
node in such a way that it interrupts a bypass 
tract. While ablations may sometimes be done 
as catheter procedures, some types of ablation 
(the Maze procedure, for example) require open-
chest surgery.

aborted therapy The process that occurs when an 
ICD diagnoses an arrhythmia and begins charg-
ing to deliver therapy but something prevents the 
discharge of the therapeutic shock. Therapy may 
be aborted in a noncommitted device if sinus rate 
is detected after diagnosis but before therapy de-
livery (in other words, the patient’s rate appears 
to have returned to normal range) or by appli-
cation of a magnet over the ICD or for another 
reason.

absolute refractory period In pacemaker timing 
cycles, any time period in which the device neither 
sees nor counts nor responds to any activity. An 
absolute refractory period in a dual-chamber de-
vice may be limited to a specifi c channel, i.e. atrial 
or ventricular. See relative refractory period.

action potential The cycle of polarization that 
occurs in a cardiac cell, usually described in fi ve 
phases (phase 0, 1, 2, 3, 4).

adaptive Refers to several ICD parameters which 
are programmed to a value that automatically 
adjusts or adapts to some other value. For exam-
ple, burst cycle lengths in ATP can be adaptive, in 
which case they are programmed as percentage 
values of the patient’s current tachycardia cycle 
length and automatically adjust as the patient’s 
tachycardia cycle length changes. See fi xed.

AF Atrial fi brillation.
anion A negatively charged particle (ion).
annotations Markers or other numerical, letter or 

symbolic codes placed on the electrogram to help 
show how the ICD counts events, refractory times, 

and so on. Annotations are company-specifi c and 
sometimes device-specifi c but are usually fairly 
intuitive.

antitachycardia pacing (ATP) The use of pro-
grammed low-voltage stimulation to convert a 
tachyarrhythmia.

arrhythmia Although the Latin meaning of this 
word is ‘without rhythm,’ it commonly refers to 
any type of cardiac rhythm disorder, including 
too-rapid and too-slow rhythms.

asynchronous Describes any output pulse (low-
voltage or high-voltage) which is not timed with 
respect to intrinsic activity in the patient’s heart. 
Asynchronous pacing modes such as DOO and 
VOO pace without sensing and may be danger-
ous for ICD patients.

asystole The absence of cardiac contraction, 
sometimes called ‘fl atline.’

AT Atrial tachycardia.
ATP Antitachycardia pacing.
attempt In ATP, the use of a train or programmed 

stimulation sequence to terminate an arrhyth-
mia.

atrial electrogram An electrogram from the 
ICD’s atrial channel only. This is a form of sin-
gle-channel EGM.

atrial fi brillation (AF) An intra-atrial reentrant 
arrhythmia characterized by very rapid and ap-
parently disorganized atrial activity which often 
conducts to the ventricles.

atrial fl utter A form of atrial tachycardia that 
is rapid but very regular and characterized by a 
sawtooth pattern on an ECGT.

atrial tachycardia (AT) A broad term for any too-
fast heart rhythms originating in the atria. See 
also supraventricular tachycardia.

automated follow-up A special programmer 
function in modern ICDs which allows a follow-
up protocol to proceed automatically or with 
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minimal clinician intervention. In many cases, 
the follow-up protocol can be customized.

automaticity The ability of certain cells in the 
heart to spontaneously generate electricity. Au-
tomaticity is possessed by cells in many areas of 
the heart. See also triggered automaticity.

automatic tachycardia A too-fast heart rhythm 
caused by automaticity, in this case, an abnormal 
acceleration of phase 4 of the action potential 
which causes the heart to depolarize too quickly 
after a repolarization. Automatic tachycardias are 
not caused by electrical disorders and do not re-
spond to defi brillation. They are typically attrib-
uted to metabolic imbalances, disease, myopathy, 
or drug toxicity. See also triggered automaticity.

AV delay The pacemaker parameter which deter-
mines how much time must elapse after an atrial 
output and before the next ventricular output 
(in the absence of intrinsic activity). See also PV 
delay.

AV nodal reentrant tachycardia A tachycardia 
which originates in the AV node and is caused by 
a reentry mechanism. AVNRT (as it is abbrevi-
ated) is a common type of atrial tachycardia.

average interval The value determined by the av-
erage of the current interval and the immediately 
preceding three intervals.

AVNRT AV nodal reentrant tachycardia.
base rate The programmable pacemaker param-

eter in an ICD which determines how fast the 
pacemaker function will pace the heart in the 
absence of sensed activity. Sometimes called pro-
grammed rate or lower rate limit.

BCL Burst cycle length.
beats per minute (bpm) The usual way of meas-

uring (the natural) heart rate. See also pulses per 
minute.

bin A rate category used for counting intervals. 
An example of an ICD bin is the fi brillation cat-
egory. Intervals that qualify as fi b are counted as 
such in that particular bin.

binning The ICD’s activity of constantly measur-
ing, categorizing, and counting intervals by bins.

biphasic waveform The morphology of a defi bril-
lation output with a positive and negative defl ec-
tion with respect to baseline. Biphasic waveforms 
are generally more effective at defi brillation of 
the heart than monophasic waveform.

bleeding off The ability of a capacitor in an ICD 

to charge (either partially or fully) and then grad-
ually, painlessly dissipate the charge. A noncom-
mitted ICD may have to bleed off when a shock 
is aborted.

bpm Beats per minute.
bradyarrhythmia Any type of heart rhythm dis-

order in which the heart beats too slowly. brady-
cardia is a synonym.

bradycardia Any type of heart rhythm disorder 
in which the heart beats too slowly. bradyar-
rhythmia is a synonym.

bradycardia diagnostics A broad category of di-
agnostic data which relate to antibradycardia pac-
ing. Examples of bradycardia diagnostics include 
event histograms, auto mode switch diagnostics, 
and sensor histograms. Some electrograms may 
be bradycardia diagnostics (if they relate to pac-
ing function, for example, an electrogram trig-
gered by entry into mode switch). See also tachy-
cardia diagnostics.

Brugada syndrome A type of triggered auto-
matic ventricular tachycardia that appears to be 
hereditary and is especially prevalent in some 
ethnicities. A genetic mutation causes triggered 
automaticity. It appears that Brugada syndrome 
responds favorably to defi brillation.

burst 1. In ATP, a sequence of two or more pre-
cisely timed output pulses. 2. In ATP, a pattern 
of several bursts with or without extrastimuli. In 
this latter usage, burst is also known as train.

burst cycle length (BCL) The programmable pa-
rameter that controls how fast the ATP output 
pulses are. The BCL can be fi xed, that is, pro-
grammed to a millisecond value corresponding 
to interval length, or adaptive, programmed to 
a percentage of the patient’s current tachycardia 
cycle length.

bypass tract An abnormal conduction pathway 
in the heart, one that allows the electrical current 
to ‘bypass’ a straightforward conduction path. A 
bypass tract may be caused by any number of fac-
tors, including a myocardial infarction. A bypass 
tract forms a branch off the main conduction 
pathway but then reconnects to the main con-
duction pathway at a later point.

can Slang term for the ICD generator device or 
the outer portion (housing) of the device.

capacitance The capacity of a capacitor. Many fac-
tors can affect how much electrical charge a capaci-
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tor can hold and discharge successfully. Since ICDs 
depend on the capacitor for high-voltage therapy, 
the component’s capacitance is important. The 
best strategy to maintain good capacitance is to 
reform the capacitors periodically (either manu-
ally or using automatic functions).

capacitor An electronic component within an 
ICD which stores an electrical charge until it 
reaches the desired proportions and then dis-
charges it all at once. Capacitors allow ICDs with 
low-voltage batteries to deliver large high-voltage 
outputs.

capacitor maintenance The process, often auto-
matic, which periodically reforms the capacitor 
of the ICD by charging it to full capacity and al-
lowing the charge to dissipate. Capacitor main-
tenance prevents deformation, which can nega-
tively impact charge times.

capture The ability of a small amount of electri-
cal energy to cause the heart to depolarize. Pace-
makers work by delivering output pulses which 
capture the atrium and/or ventricle.

capture test A test, often part of ICD follow-up, 
which establishes the patient’s capture threshold. 
A separate capture test is needed for each cham-
ber (atrium and ventricle).

capture threshold The smallest amount of energy 
required to reliably and consistently capture the 
heart, typically determined in a capture test.

cardiac resynchronization therapy (CRT). A 
device-based therapy involving low-voltage 
stimulation of the heart from three leads: two for 
the ventricles and one for the atrium. The object 
of CRT is to help resynchronize left ventricular 
dyssynchrony by helping the left ventricle con-
tract more uniformly. CRT devices may be low-
voltage (CRT-P) or high-voltage with defi bril-
lation capability (CRT-D). CRT appears to be a 
promising device-based treatment option for a 
subset of heart failure patients.

cardiomyopathy A heart condition in which the 
heart muscle becomes enlarged, distended, and 
fl abby.

cardioversion 1. The application of a relatively 
large amount of energy (however not as large as 
defi brillation) to the heart in order to convert 
a tachyarrhythmia. Typically, cardioversion in-
volves energy ranging from 2 to 15 joules. 2. (for 
ICDs only) Any therapy delivered to respond to 

an arrhythmia in a tach zone, regardless of the 
output.

cation A positively charged particle (ion).
Centers for Medicare and Medicaid Services 

(CMS) The US government offi ces which reach 
coverage decisions for Medicare and Medicaid, 
including what sort of devices are covered for 
particular indications.

cephalic cutdown A method of venous access for 
implanting ICD leads in which the cephalic vein is 
identifi ed, lifted out, and dissected to gain venous 
entry. This is probably the most common method 
of venous access used in ICD implantation.

charge time The amount of time it takes for an 
ICD from diagnosis to charge to full capacity and 
administer life-saving therapy. Charge times can 
vary with device age, battery status, and the state 
of the capacitor.

Class I indication The condition when the evi-
dence and/or general agreement exists among 
medical experts that the treatment is benefi cial, 
useful, and effective.

Class IIa indication The condition for which 
there is confl icting evidence and/or a divergence 
of opinion about the usefulness or effi cacy of a 
procedure or treatment, but where the weight of 
the evidence or opinion favors the usefulness and 
effi cacy of the procedure or treatment.

Class IIb indication The condition for which 
there is confl icting evidence and/or a divergence 
of opinion about the usefulness or effi cacy of a 
procedure or treatment, but where the weight of 
the evidence or opinion does not fi nd the treat-
ment useful or effective.

Class III indication The condition when the 
evidence and/or general agreement exists among 
medical experts that the treatment is not benefi -
cial, useful, and effective.

CMS The Centers for Medicare and Medicaid 
Services.

coil The portion of a defi brillation lead through 
which a high-voltage output is delivered. An ICD 
lead can be single coil (one coil) or dual coil (with 
a proximal and distal coil).

committed The characteristic of an ICD which 
means that it will deliver therapy after an ar-
rhythmia is detected. See also noncommitted.

competitive pacing Pacing in the presence of in-
trinsic activity.
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connector The clear epoxy connector block on 
the top of an ICD, into which one or more leads 
plug. See also header.

convert To end one type of heart rhythm and 
induce another. Cardioversion is the attempt to 
convert atrial fi brillation to a sinus rhythm. See 
also terminate.

CRT Cardiac resynchronization therapy.
CRT-D The therapy provided by an implantable 

device that offers CRT with added defi brillation 
capability.

CRT-P The therapy provided by an implantable 
device that offers CRT in a pacemaker (low-
voltage) system (no defi brillation).

current interval The interval (time period be-
tween two consecutive ventricular events, either 
paced or sensed) that is occurring at the moment. 
ICDs measure every interval and the current in-
terval refers to the real-time event.

DBT Device-based testing.
DDD A pacemaker mode which paces in the dual 

chambers (atrium and ventricle), senses in dual 
chambers, and has a dual response to sensed 
events (triggered output and inhibited output).

DDDR A pacemaker mode which paces in the 
dual chambers (atrium and ventricle), senses in 
dual chambers, and has a dual response to sensed 
events (triggered output and inhibited output) 
and has rate response, usually based on an accel-
erometer or activity sensor.

default value The value of a given parameter set-
ting in the ICD that will be used unless the clini-
cian overrides it by programming a different 
value. Usually the same as the nominal value.

defi b An abbreviation common in ICD program-
ming for defi brillation therapy, that is, the appli-
cation of high-energy shocks.

Defi b off A type of ICD device confi guration 
in which the ICD cannot provide high-voltage 
therapy. Defi b off might be used temporarily for 
a patient undergoing a surgical procedure (where 
an ICD discharge might be disastrous) or for pa-
tients nearing death.

Defi b only A type of ICD device confi guration in 
which the device categorizes all cardiac activity 
into only two categories: NSR or Fib.

Defi b with single tach zone A type of ICD device 
confi guration in which the device categorizes all 
cardiac activity into three categories: NSR, Tach, 

or Fib. Different therapies may be programmed 
for the high-rate categories.

Defi b with Tach A or Tach B The most elaborate 
ICD device confi guration in which the device 
categorizes all cardiac activity as NSR, Tach A 
or slow VT, Tach B or fast VT, and Fib. Different 
therapies may be programmed for the high-rate 
categories.

defi brillation The application of a large amount 
of energy to the heart in order to convert a dan-
gerous ventricular tachyarrhythmia, often ven-
tricular fi brillation.

defi brillation lead See high-voltage lead. Also 
called tachycardia lead.

defi brillation threshold (DFT) The minimum 
amount of energy required to reliably defi brillate 
the heart. Note that DFTs are not static values and 
may change over time, with drugs, and with dis-
ease progression.

defi brillator status line A row of information on 
an annotated EGM which contains a variety of 
data on how the ICD bins or categorizes vari-
ous events, SVT discimrination algorithms, and 
other information including possibly therapy 
delivery.

deformation The characteristic of a capacitor 
in an ICD which causes it to leak stored energy 
because the dielectric component within the ca-
pacitor has started to decay or become distorted. 
Deformation can increase charge times.

delivered energy The amount of energy, meas-
ured in joules, that the ICD is capable of send-
ing out to the heart. Delivered energy is different 
from (and less than) stored energy, because no 
capacitor can deliver 100% of its charge.

depolarization At the cellular level, the stage in 
the action potential during which fast sodium 
channels open and allow a very rapid infl ow of 
cations so that the cell’s polarity changes quickly 
from negative to positive. Depolarization causes 
the cardiac cell to contract.

detection The ability of an ICD to identify a po-
tential rhythm disorder by constantly sensing 
and classifying intervals. Detection in an ICD is 
not based on clinical characteristics, but rather 
on rate. When specifi c criteria for a rhythm dis-
order are met through detection, the device then 
diagnoses an arrhythmia.

detection bin A rate counter in the ICD for 
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counting intervals. The ICD uses detection bins 
(counters) to diagnose arrhythmias.

detection zones Categories programmed for an 
ICD that defi ne sinus rhythm and rhythm dis-
orders. Examples of zones are tach (tachycardia) 
and fi b (fi brillation).

device confi guration The manner in which an 
ICD is set up, that is, what sort of tachycardia or 
fi brillation zones are established.

detection summary A type of diagnostic data 
which shows the total number of episodes 
grouped by category (Tach A, Tach B, fi b, and so 
on).

device-based testing (DBT) A method of im-
plant testing using the ICD itself to help induce 
the patient to fi brillation in order to test the de-
vice’s ability to defi brillate.

DFT Defi brillation threshold.
DFT testing The procedure during ICD implan-

tation in which VF is induced and then the ICD 
is used to attempt to terminate it. DFT testing is 
not routinely performed today.

diagnosis In an ICD, the determination based on 
binning as to when an arrhythmia is present. Di-
agnosis is related to detection.

diagnosis information A form of diagnostic data 
which shows what criteria were used by the ICD 
to make a diagnosis, for example, SVT discrimi-
nators.

diagnostic data ICD reporting functions, typi-
cally in the form of counters, which provide in-
formation through the programmer on how the 
patient and the device have interacted over time.

diastole The period in the cardiac cycle during 
which one chamber of the heart relaxes. The nor-
mal heart beat has an atrial diastole followed by a 
ventricular diastole. See also systole.

diastolic function. The heart’s ability to rest be-
tween beats and passively fi ll with blood so that it 
can be pumped out during systole.

double-counting Inappropriate sensing in the 
ICD caused by counting certain nonventricular 
events (such as T-wave repolarizations) as ven-
tricular activity.

dual-chamber ICD An ICD with dual-chamber 
pacing capability, that is, the ability to pace DDD 
or DDDR mode.

dual-channel electrogram An electrogram from 
both the ICD’s atrial and ventricular channels. 

Dual-channel EGMs provide the most compre-
hensive information but also require the most 
storage space in the device’s memory.

dynamic range The size of the displayed EGM 
signal that appears on screen before the signals 
are ‘clipped’ (that is, peaks shortened). Clipping 
does not change sensitivity settings.

ECG fi lter A digital fi lter in the ICD system which 
helps get rid of stray signals or interference 
(noise) that can interfere with a clear ECG.

EGM Electrogram.
elective replacement indicator The point at 

which it is recommended to replace an ICD be-
cause the battery energy is low. When an ICD is 
replaced, typically only the ICD is replaced (not 
the leads).

electrical heterogeneity The quality of the heart 
which allows different cardiac cells to be at dif-
ferent stages of the electrical cycle at the same 
time. For example, the atria can be relaxing at the 
same moment as the ventricles are contracting; 
at the cellular level, this means that cells in dif-
ferent areas of the heart can be depolarizing and 
repolarizing at the same moment.

electrogram A general term for a graphic repre-
sentation of the heart’s intrinsic electrical activ-
ity taken from electrodes within the heart. Ab-
breviated EGM. Sometimes called intracardiac 
electrogram.

epicardial leads The early-generation defi brilla-
tion leads which consisted of mesh patches and 
Dacron® rubber and were sewn onto the outside 
of the heart in a thoracotomy. Epicardial leads 
(also known as patch leads) are still available 
today but are only used in special applications.

episodal pacing Curtailed or drastically reduced 
pacing behavior which occurs when the ICD de-
tects a tachycardia episode.

episode Defi ned by the ICD as the time period 
initiated by the ICD detecting a tachyarrhythmia 
and terminated when the arrhythmia resolves 
spontaneously to sinus rate or is treated.

episode diagnostics A form of diagnostic data 
which provides detailed information on individ-
ual episodes. There is usually a top-level screen 
with a listing of episodes; individual events can 
be accessed and information on details (time of 
onset, initial diagnosis, cycle length, therapy re-
sponse and so on).
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event histogram A form of bradycardia diagnos-
tic which shows all cardiac activity broken down 
by pacing state (PR, PV, AR, AV). An event his-
togram may also show the number of PVEs, as 
defi ned by the ICD.

extrastimulus A single, precisely timed pacing 
output pulse used in an ATP protocol.

fi b zone A programmable rate range in the ICD 
that defi nes what rhythms the ICD will detect 
and diagnose as ventricular fi brillation.

fi xed Refers to several ICD parameters which are 
programmed to a specifi c, absolute value. For ex-
ample, a fi xed burst cycle length might be 300 ms. 
See adaptive.

fi xed pulse width An ICD confi guration which 
keeps a constant pulse width value for output and 
adjusts the tilt and even energy output to accom-
modate that setting. See also fi xed tilt.

fi xed tilt An ICD confi guration which keeps a 
constant tilt value for output and adjusts pulse 
width to accommodate variations which might 
occur based on system impedance. See also fi xed 
pulse width.

fl uoroscopy The use of real-time X-ray images 
seen on a monitor to guide ICD lead placement.

gain A setting for electrograms which regulates 
how signal data appear on the screen. Most gain 
control should be left to an automatic regulating 
function, since improper gain adjustment on an 
electrogram may distort the way the signal ap-
pears. Gain does not affect sensitivity.

guidelines When not specifi cally identifi ed, usu-
ally refers to the ACC/AHA/NASPE 2002 Guide-
lines for ICD implantation [available at the web-
site acc.org].

header The nickname for the clear epoxy connec-
tor block on the top of an ICD, into which one or 
more leads plug. See also connector.

heart failure A complex syndrome of condi-
tions, usually involving but not defi ned by com-
promised left ventricular systolic dysfunction. 
Heart failure is typically assessed using the New 
York Heart Association (NYHA) classifi cation 
system.

heart rate histogram A form of bradycardia diag-
nostic which shows a graphic and numeric dis-
play of cardiac activity grouped by rate range.

hemodynamically stable VT A ventricular tachy-
arrhythmia which does not compromise the pa-

tient’s cardiac output and which will not accelerate 
or change into a more dangerous arrhythmia.

high DFT In clinical practice today, a ‘high’ DFT 
is any defi brillation threshold within 10 J of the 
maximum output of the implantable device. For 
example, if an ICD can deliver 32 J of energy, then 
any patient with a DFT of 22 J or above would be 
considered to have a ‘high DFT.’

high-voltage lead The lead through which an 
ICD delivers shocks. Also called defi brillation 
lead or tachycardia lead.

housekeeping current The amount of energy 
(battery drain) required by the device to main-
tain its status, even while the device is unused in 
the box. All implantable devices have some level 
of housekeeping current and will draw on battery 
energy even before they are implanted.

hysteresis A programmable pacemaker func-
tion which sets a rate somewhat below the pro-
grammed base rate, below which the device paces. 
For example, if a pacemaker is programmed to a 
base rate of 70 ppm and a hysteresis rate of 55 
bpm, the pacemaker will not pace as long as 
the patient’s intrinsic rate is 55 bpm or higher. 
However, should the patient’s intrinsic rate fall 
to 54 bpm, then the base rate takes over and, in 
this case, would pace at 70 ppm. Hysteresis may 
minimize the total time a patient is paced because 
it allows maximum opportunity for the patient’s 
own native rate to prevail.

IEGM Abbreviation for intracardiac electro-
gram.

inappropriate therapy ICD therapy, especially 
high-energy therapy, delivered in response to an 
SVT. Although the ICD is acting appropriately 
(that is, doing what it was programmed to do), 
the therapy is not appropriate for the treatment 
of a rapid ventricular response to an SVT.

incidence The number of people who can be ex-
pected to develop a condition. Usually, incidence 
is stated for a defi ned population for a specifi c 
time period (typically a year). For example, the 
incidence of sudden cardiac death is higher in 
people aged 45–75 years than in people over 75.

inter Involving both chambers. For example, an 
interventricular conduction disorder is one that 
occurs across both ventricles.

interrogation The initial action in any follow-
up or programming session, during which the 
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programmer wand is placed over the implanted 
device so that telemetry between ICD and pro-
grammer can be established.

interval The time period in milliseconds meas-
ured between two consecutive ventricular events 
(either paced or sensed).

Interval Stability An SVT discrimination algo-
rithm available in certain ICDs which discrimi-
nates based on whether or not the R–R interval is 
stable. If the R–R interval is stable, the ICD diag-
noses VT. If the R–R interval is unstable, the ICD 
diagnoses SVT.

intra Within one chamber. For example, an intra-
atrial reentry tachycardia has the reentry circuit 
entirely within one atrium. By the same token, an 
intraventricular conduction disorder occurs en-
tirely within one ventricle (although it may affect 
other parts of the heart).

intracardiac electrogram (IEGM) A graphic rep-
resentation of cardiac activity, similar to an ECG, 
except instead of being taken from the skin’s sur-
face, it is taken from within the heart through the 
leads of the device.

ion A positively charged particle. See also anion 
and cation.

J Abbreviation for joule.
joule (J) A unit of energy, that is, the amount of 

energy it takes to do the work by a force of one 
Newton acting through a distance of one meter. 
ICDs often report their output values in joules.

left ventricular ejection fraction The amount of 
blood (stated as a percentage) which is ejected 
by the left ventricle during systole (contraction). 
Ejection fraction values below 40% are consid-
ered compromised.

lifetime diagnostics A form of diagnostic data 
captured and preserved over the life of an ICD 
which records how many therapy deliveries and 
how much pacing the ICD has delivered. Unlike 
other diagnostics which can be manually erased 
or are automatically erased by programming, 
lifetime diagnostics are kept over the life of the 
device and cannot be erased.

lithium One of the world’s lightest metals with 
the highest standard potential, that is, a metal 
with the highest energy density. Lithium is used 
in implantable device battery technology as the 
component for the anode.

lithium-iodide cell A battery typically used in 

low-voltage pulse generators and sometimes 
used in ICDs. Lithium acts as the anode, while 
iodine acts as the cathode.

lithium-vanadium cell A battery typically used 
in modern ICDs in which lithium acts as the 
anode and vanadium (a trace element) acts as 
the cathode.

long QT syndrome (LQTS) A type of triggered 
automatic ventricular tachycardia characterized 
by an abnormally long QT period on the surface 
ECG. Long QT syndrome can be congenital or 
acquired and typically occurs in children and 
young adults.

lower rate limit See base rate.
LQTS Long QT syndrome.
LVEF Left ventricular ejection fraction.
macro-reentry The mechanism for a tachycardia 

caused by a reentry circuit contained within a 
larger area of the heart. Wolff–Parkinson–White 
syndrome is an example of a tachycardia caused 
by a macro-reentry circuit.

manual The offi cial instructions for use of an ICD, 
lead, programmer, software or other product of 
the ICD system. All such devices must be furnished 
with a manual (hard copy or soft copy) which pro-
vides device specifi cations, instructions for use, 
and other pertinent details on the product.

manufacturer’s representative A person who 
works for and can represent the company who 
manufactured the ICD or any other piece of 
equipment used in the procedure. A manufac-
turer’s representative may be a company offi cial, 
a technical service agent, or a sales representa-
tive. Manufacturers’ representatives are typically 
present during implantation procedures as the 
experts on the particular device used.

mapping The electrophysiological process of lo-
cating bypass tracts or areas suspected of involve-
ment in arrhythmias.

maximum duration A programmable parameter 
which determines the maximum length of time 
an EGM will be recorded for storage in memory. 
An EGM may also be terminated 4 seconds after 
sinus redetection. In the event that sinus rate is 
not redetected, the maximum duration param-
eter sets an automatic termination point.

maximum tracking rate (MTR) The highest rate 
at which the pacemaker will pace the ventricle in 
response to sensed, high-rate atrial activity.
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membrane potential The electrical charge inside 
a cardiac cell.

MI Myocardial infarction.
micro-reentry The mechanism for a tachycardia 

caused by a reentry circuit contained entirely 
within a very small area of the heart. AV nodal 
reentrant tachycardia is an example of a tachycar-
dia caused by a micro-reentry circuit.

mode The designation, usually stated in a three 
to fi ve letter code, which determines how the 
pacemaker function operates (chamber-paced, 
chamber-sensed, response to sensed activity, rate 
response).

mode switch log A form of bradycardia diagnos-
tics which lists mode switch episodes by date and 
time of occurrence along with information as to 
peak rate and duration. If related stored electro-
grams are available for a particular episode, they 
may be accessed from this page.

monomorphic VT A type of ventricular tachy-
cardia which originates from one area in the ven-
tricles. Monomorphic VT typically presents as 
rapid but regularly (and similarly) shaped QRS 
complexes. See also polymorphic VT.

monophasic waveform The morphology of a de-
fi brillation output which has only a single phase 
with a positive defl ection with respect to baseline. 
See also biphasic waveform.

morphology The general shape of something. 
Different heart rhythms present different mor-
phologies on a surface ECG.

Morphology Discrimination An SVT dis-
crimination algorithm available in certain dual-
chamber ICDs which discriminates on the basis 
of the shape of the QRS complex. The tachycardia 
QRS complex is compared to a sinus QRS complex 
stored in memory as the template. Comparisons 
are made on a percentage basis. If the QRS mor-
phology matches sinus (typically a 60% match is 
used), the ICD diagnoses SVT. On the other hand, 
if the QRS morphology does not match the sinus 
template, then the ICD diagnoses VT.

MTR Maximum tracking rate.
myocardial infarction (MI) The medical term 

for what is commonly called a ‘heart attack,’ in 
which the coronary arteries become blocked and 
deprive the heart muscle (myocardium) of oxy-
gen-rich blood, resulting in the death (necrosis) 
of some myocardial tissue.

myocardium The heart muscle.
navigation The electrophysiological process of 

gaining access (often by catheter) to mapped 
areas believed to be involved in arrhythmic 
activity.

nominal value The value of a given parameter in 
an ICD which is deemed to be appropriate for 
most patients. The nominal value is usually the 
same as the default value.

noncommitted The characteristic of an ICD which 
means that it will abort therapy after an arrhyth-
mia is detected if sinus rhythm is restored before 
the therapy can be delivered. See also committed.

nonsustained Any arrhythmia that has a dura-
tion of less than 30 seconds. See also sustained.

nonsustained ventricular tachycardia A short 
episode of ventricular tachycardia (less than 30 
seconds), sometimes even just a few beats, which 
spontaneously converts to normal rhythm with-
out any intervention.

normal sinus rhythm (NSR) For an ICD, an 
interval that falls within a programmable rate 
range associated with ‘normal’ cardiac activity. 
Thus, for an ICD, NSR is actually a rate determi-
nation. In clinical practice, normal sinus rhythm 
not only has to be at rates appropriate for the pa-
tient’s needs, the cardiac rhythm has to originate 
in the SA node, conduct normally through the AV 
node to the ventricles, and depolarize the heart 
normally.

NSR Normal sinus rhythm.
NSVT Nonsustained ventricular tachycardia.
NYHA New York Heart Association.
NYHA classifi cation The New York Heart Asso-

ciation system of classifying heart failure patients 
into one of four categories (Class I, II, III or IV) 
depending on their symptoms and functional ca-
pacity. This is the most common way of ranking 
the severity of heart failure.

pacing state A way of classifying cardiac activity 
in a pacemaker patient. In dual-chamber pacing, 
there are only four pacing states: PR, PV, AR, and 
AV, where P is a sensed atrial event, A is a paced 
atrial event, R is a sensed ventricular event, and V 
is a paced ventricular event.

pacing system analyzer (PSA) A small, hand-held 
device which can be used during implantation to 
test leads.

paroxysmal AF A type of atrial fi brillation which 
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starts suddenly and self-terminates. Episodes of 
paroxysmal AF may be of very short duration.

patch lead See epicardial lead.
permanent AF A type of atrial fi brillation which 

is chronic and unresponsive to treatment.
persistent AF A type of atrial fi brillation which 

occurs for longer periods of time and requires 
some sort of intervention, typically medication 
or cardioversion, to terminate.

polymorphic VT A type of ventricular tachycar-
dia which originates from more than one area in 
the ventricles. Polymorphic VT typically presents 
as rapid and irregularly shaped QRS complexes, 
because the QRS complexes have different ori-
gins. See also monomorphic VT.

port A cavity in the ICD connector block into 
which a lead plugs.

port plug A stopper, typically made of silicone 
rubber, which can be inserted into an unused 
port of an ICD at implant.

post-shock pacing (PSP) A type of pacing support 
provided by an ICD immediately following ther-
apy delivery, which typically uses different pace-
maker parameter values than routine pacing.

ppm Pulses per minute.
pre-trigger interval The amount of electrogram 

stored before the trigger point of an electrogram, 
usually programmable in seconds. For example if 
a 16-second pre-trigger interval is programmed, 
the ICD will store 16 seconds of activity prior to 
the trigger. As a general rule, the longer the pre-
trigger interval, the better chance there is that the 
event which initiated the tachyarrhythmia will be 
recorded.

premature ventricular contraction (PVC) In 
clinical practice, an intrinsic ventricular event 
which occurs out of normally timed sequence, 
specifi cally too early in the sequence. PVCs can 
trigger reentrant tachycardias. The ICD defi nes a 
PVC as two consecutive ventricular events with-
out an intervening atrial event. See also prema-
ture ventricular event.

premature ventricular event (PVE) Premature 
ventricular contraction. While PVC is the more 
common term in clinical practice, many ICDs 
use the term PVE. See also premature ventricu-
lar contraction.

prevalence The number of people in a defi ned 
population who have a specifi c condition.

primary prevention The strategy behind the use 
of ICDs in patients who have not yet had their 
fi rst episode of spontaneous, sustained ventricu-
lar arrhythmia or sudden cardiac arrest. The idea 
is to prevent the fi rst episode of a potentially life-
threatening ventricular arrhythmia.

primary prevention trial A clinical study (often 
a randomized clinical trial) involving the use of 
ICDs in patients who have not yet had their fi rst 
episode of spontaneous, sustained ventricular ar-
rhythmias. MADIT II and SCD-HeFT are exam-
ples of primary prevention trials.

programmable polarity A parameter setting in 
some ICDs which allows the clinician to change 
the positive and negative poles of a shocking vec-
tor. For example, if the RV coil is positive and the 
SVC coil is negative, this could be reversed to RV 
coil negative and SVC coil positive. See program-
mable shocking vector.

programmable shocking vector A parameter 
setting in some ICDs which allows the clinician 
to select the electrical circuit for defi brillation en-
ergy from the choices of RV to SVC/can or RV to 
can. See also programmable polarity.

programmed rate See base rate.
programmer A table-top proprietary computer 

used to program the implanted ICD.
programming wand A telemetry head attached 

to the programmer by a cable and which must 
be placed over the implanted device to establish 
telemetry and do reprogramming. While most 
telemetry wands use a cable connection to the 
programmer, there are wireless wands.

PSA Pacing systems analyzer.
PSP Post-shock pacing.
pulses per minute (ppm) The usual way of meas-

uring a paced heart rhythm. See also beats per 
minute.

PV delay The pacemaker parameter which deter-
mines how much time must elapse after a sensed 
atrial event and before the next ventricular out-
put (in the absence of intrinsic activity). See also 
AV delay.

PVC Premature ventricular contraction.
PVE Premature ventricular event.
R-on-T phenomenon The response that occurs 

when a pacemaker delivers an output pulse dur-
ing the vulnerable portion of the T-wave, induc-
ing a ventricular tachyarrhythmia.
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ramp In ATP, the function which automatically 
decreases each output pulse in a specifi c burst 
by the programmed ramp step. Ramps can occur 
only within a burst. Also called ramp pacing, 
ramping.

ramp step The programmable value in ATP 
which determines the amount that each succes-
sive output will be decreased within a burst. For 
instance, if a 20-ms ramp step is programmed 
and there are four outputs in a burst starting with 
an output of 320 ms, the next output will be 300 
ms, followed by 280 ms and 260 ms. When that 
burst concludes, the next burst (should one be 
programmed) would start again at 320 ms and 
then ramp down in 20 ms steps (300 ms, 280 ms, 
260 ms).

rate-responsive AV delay (RRAVD) A program-
mable and automatic function in the pacemaker 
portion of an ICD which allows the AV or PV 
delay to progressively shorten as the patient’s rate 
gets faster, mimicking the behavior of the healthy 
heart. Note that despite its name, rate-responsive 
AV delay has nothing to do with sensor-driven 
rate response.

rate-responsive ICD An ICD with rate-responsive 
pacemaker capability, that is, the ability to pace 
in either VVIR (single-chamber rate-responsive 
ICD) or DDDR (dual-chamber rate-responsive 
ICD) mode.

Rate Branch An SVT discrimination algorithm 
available in certain dual-chamber ICDs which 
discriminates based on the relationship of atrial 
and ventricular rates. A > V is diagnosed as SVT, 
A = V is diagnosed as sinus tachycardia, and A < 
V is diagnosed as VT. Rate Branch can be even 
more specifi c when used in combination with 
other algorithms.

readaptation In ATP, the ability of a burst cycle 
length to change automatically (adapt) with the 
patient’s tachycardia cycle length.

real-time EGM An electrogram that is being dis-
played on the programmer as it actually happens, 
that is ‘live.’ Although ICDs offer real-time EGMs, 
stored EGMs have more clinical utility.

real-time measurements In an ICD follow-up 
session, measurements of signal amplitudes and 
lead impedance values taken at the time of follow-
up. Real-time measurements are often taken as 
the fi rst step in follow-up.

redetection The ability of an ICD to verify that 
the rhythm following a therapy delivery is either 
normal (sometimes called sinus redetection) or 
if the rhythm disorder persists (sometimes called 
tachycardia redetection).

refractory A general biological term for unre-
sponsive. Cardiac cells are refractory (cannot de-
polarize) during phases 1, 2, and 3 of the action 
potential; that is, cardiac cells cannot depolarize 
again until they have completely repolarized.

reentrant The adjective which refers to rhythm 
disorders caused by the mechanism of reentry, 
for example AV nodal reentrant tachycardia.

reentry An electrophysiologic mechanism re-
sponsible for most tachyarrhythmias, including 
ventricular fi brillation. During reentry, an elec-
trical impulse from the heart enters a circular 
substrate in such a way that the impulse travels 
round and round, gaining speed, and provoking 
a dangerous and disordered heart rhythm.

reformation The process of improving capaci-
tor performance by charging the capacitor com-
pletely and allowing the charge to painlessly 
dissipate. Reforming the capacitor improves the 
state of the dielectric component within the ca-
pacitor. Capacitors can be reformed automati-
cally or manually.

relative refractory period In pacemaker timing 
cycles, any time period in which the device does 
not respond to activity, but sees it and counts it 
in the diagnostic counters. See absolute refrac-
tory period.

repolarization At the cellular level, the stage in 
the action potential following contraction of the 
cell during which sodium cations leave the inte-
rior of the cell and the cell gets back to resting 
membrane potential or its relaxed, resting state.

rescue A therapeutic approach or strategy which 
saves a patient from a potentially life-threatening 
condition but which does not attempt to sup-
press that condition, alleviate symptoms, or cure 
the condition. Defi brillation rescues patients; it 
does not cure ventricular fi brillation.

rest rate A pacemaker function which allows the 
pacemaker to pace at slower-than-base-rate val-
ues when the patient is asleep or resting. Some 
devices set rest rate based on clock time, but oth-
ers use auto rest rate, based on sensor input.

risk factors Known attributes, behaviors or other 
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conditions that have been associated with an in-
creased likelihood of developing a certain condi-
tion. For example, smoking and family history of 
heart disease are risk factors for coronary artery 
disease.

RRAVD Rate-responsive AV delay.
safety margin The ‘margin for error’ when pro-

gramming pacemaker outputs to assure that the 
device captures the heart. When programming 
pulse amplitude settings, the conventional safety 
margin is 2:1; where 1 is the capture threshold 
and 2 is the pulse amplitude setting of the de-
vice. Sometimes larger safety margins are recom-
mended.

SCA Sudden cardiac arrest.
scanning In ATP, the function which allows the 

cycle length to be changed from one burst to the 
next. Scanning affects cycle length from burst to 
burst, while ramping decreases outputs within a 
burst.

SCD Sudden cardiac death.
self-terminate The ability of an arrhythmia to 

stop spontaneously with no outside interven-
tion.

sensing The ability of an ICD to detect (‘sense’) 
intrinsic cardiac activity by picking up electri-
cal signals from the heart through the leads. The 
device’s ability to sense is governed by the sensi-
tivity parameters. Sensing is related to detection 
but detection refers to the ability not just to sense 
signals but to classify and count them.

sensitivity For an ICD, the ability to recognize 
and respond to ventricular tachyarrhythmias. 
Many ICDs have 100% sensitivity, which means 
they do not fail to recognize and treat these life-
threatening arrhythmias. See also specifi city.

sensor In a rate-responsive ICD, the accelerome-
ter or other type of component which determines 
if the patient requires a faster paced rate. Most 
rate-responsive ICDs use activity sensors (accel-
erometers or piezoelectric crystals).

sensor histogram A type of bradycardia diagnos-
tic which shows how much time and at what rate 
ranges the sensor of a rate-responsive device was 
in control of the pacing rate.

shock The nickname for high-energy therapy de-
livery from an ICD.

shocking vector The path that defi brillating en-
ergy takes through the heart. For ICD patients, 

the shocking vector may form a current pathway 
from the two coils of the defi brillating lead or 
from one coil of the lead and the ICD can itself.

single-chamber ICD An ICD with single-cham-
ber ventricular pacing capability (VVI or VVIR).

sinus redetection The ability of the ICD to con-
fi rm that sinus activity is present in the intervals 
immediately following therapy delivery. When 
sinus rhythm is redetected, the device ‘concludes’ 
that the therapy was effective and does not con-
tinue with therapeutic interventions.

sinus rhythm 1. The rhythm of the healthy heart, 
driven by electrical outputs from the heart’s nat-
ural pacemaker, the SA node, and properly con-
ducted throughout the heart. 2. For ICD therapy, 
sinus rhythm refers to a programmable rate range 
that the device recognizes as sinus rhythm. What 
the ICD defi nes as sinus rhythm may not be the 
same as clinical sinus rhythm.

special events Events that will trigger a stored 
electrogram. These are sometimes program-
mable (for example, entry in mode switch) or 
sometimes fi xed (for example, entry into magnet 
reversion).

specifi city The ability of an ICD to distinguish 
between arrhythmias it ought to treat (VT/VF) 
and SVTs. While most ICDs with SVT discrimi-
nation offer high specifi city values, 100% specifi -
city has not yet been achieved.

stored electrogram An electrogram which is 
placed in the memory of the implanted device 
and which can be retrieved using the program-
mer for subsequent analysis. Stored electrograms 
are a form of diagnostic data. Note that older 
ICDs may not have stored electrogram capability 
or may have very limited memory capacity.

stored energy The amount of energy, measured 
in joules, which the ICD is capable of holding 
in its capacitors. Stored energy is different from 
(and greater than) delivered energy.

subclavian stick A venous approach using a mod-
ifi ed Seldinger technique in which the subclavian 
vein is punctured. This is a common method of 
gaining venous access for ICD leads.

substrate An area on the heart muscle (myocar-
dium) which becomes a viable alternate electrical 
pathway for the heart.

sudden cardiac arrest (SCA) The unexpected 
natural death from a cardiac cause within a short 
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period of time from the onset of symptoms in a 
person without any prior condition that would 
appear fatal. See also sudden cardiac death.

sudden cardiac death (SCD) The unexpected 
natural death from a cardiac cause within a short 
period of time from the onset of symptoms in a 
person without any prior condition that would 
appear fatal. See also sudden cardiac arrest.

Sudden Onset An SVT discrimination algorithm 
available in certain ICDs which discriminates 
on the basis of how quickly a tachycardia starts. 
Using a programmable delta, the ICD compares 
nontachycardia intervals to the tachycardia inter-
vals to see if the tachycardia started abruptly. If 
sudden onset is determined, the ICD diagnoses 
VT. On the other hand, if sudden onset is not 
found, the ICD diagnoses SVT.

supraventricular Describes the area above the 
ventricles of the heart. Typically used to refer to 
rhythm disorders which originate above the ven-
tricles, that is, in the atria or AV node. Note that 
while a supraventricular arrhythmia originates 
above the ventricles, it may affect both atria and 
ventricles.

supraventricular tachycardia (SVT) Any type of 
too-fast heart rhythm which originates above the 
ventricles, that is, in the atria or AV node. It typi-
cally involves an atrial tachycardia which con-
ducts to the ventricles, causing a rapid ventricu-
lar response. Supraventricular tachycardia can be 
automatic (that is, caused by a metabolic disor-
der, pulmonary disease, or some sort of drug or 
alcohol toxicity) or reentrant.

sustained Any arrhythmia that has a duration of 
30 seconds or longer. See also nonsustained.

SVT Supraventricular tachycardia.
SVT discrimination The characteristic of an ICD 

which allows it to use certain algorithms (SVT dis-
criminators) to help differentiate rapid ventricular 
rates caused by VT from those caused by an SVT.

SVT discriminator An algorithm used for SVT 
discrimination. Examples are Rate Branch, Sud-
den Onset, Interval Stability, and Morphology 
Discrimination.

sweep speed The speed of an ECG or EGM, 
usually programmable with a default setting of 
25 mm/second.

synchronous Describes any output pulse (low-
voltage or high-voltage) which is timed with

respect to some native activity in the patient’s 
heart. Synchronous pacing modes sense intrinsic 
activity and pace (or inhibit) accordingly.

systole The period in the cardiac cycle during 
which one chamber of the heart contracts. The 
normal heart beat has an atrial systole followed 
by a ventricular systole. See also diastole.

systolic function The heart’s ability to pump 
blood.

tach Abbreviation common in ICD program-
ming for tachycardia.

Tach A An ICD zone programming category 
which defi nes slower-rate ventricular tachycar-
dias. Sometimes called ‘Slow VT.’

Tach B An ICD zone programming category 
which defi nes faster-rate ventricular tachycar-
dias. Sometimes called ‘Fast VT.’

tach zone A programmed range used by the ICD 
to detect a ventricular tachycardia. For an ICD, 
any therapy delivery to a tach zone is called car-
dioversion.

tachyarrhythmia Any type of heart rhythm 
disorder in which the heart beats too quickly. 
tachycardia is a synonym.

tachycardia Any type of heart rhythm disorder in 
which the heart beats too quickly. tachyarrhyth-
mia is a synonym.

tachy detection rate A programmable param-
eter which defi nes for the ICD the lowest rate 
which it should consider indicative of a tachyar-
rhythmia.

tachycardia diagnostics A broad category of di-
agnostic data which relate to defi brillation ther-
apy. Examples of tachycardia diagnostics include 
therapy summary, detect summary, and some 
electrograms (if they relate to a tachycardia). See 
also bradycardia diagnostics.

tachycardia lead See high-voltage lead. Also 
called defi brillation lead.

tachycardia redetection The ability of the ICD 
to determine that an arrhythmia (tachycardia 
or fi brillation) persists immediately following 
therapy delivery. The device can be programmed 
to continue delivering therapy (or deliver more 
aggressive therapy) if this occurs.

terminate To end a certain type of heart rhythm. 
The goal of defi brillation is to terminate ven-
tricular fi brillation. See also convert.

therapy delivery 1. A euphemism for the delivery 
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of a shock or a large amount of energy to the 
heart by the ICD in order to convert a potentially 
dangerous ventricular tachyarrhythmia. 2. Any 
therapeutic response by the ICD to an arrhyth-
mia, including ATP or lower-energy shocks.

therapy summary A form of diagnostic data 
which shows information on all therapies deliv-
ered or aborted.

thoracotomy An open-chest procedure which in-
volves separating the rib cage to expose the heart. 
Early ICD implantation required a thoracotomy.

tiered therapy The ability of a full-featured ICD to 
offer different therapeutic responses to different 
types of arrhythmia, for instance ATP for slow VT, 
cardioversion for fast VT, and defi brillation for VF.

tilt The percentage drop in voltage from the lead-
ing edge (start) of the defi brillation waveform to 
the trailing edge (end).

titanium A very light metal, much stronger than 
steel, which is used in ICD and pacemaker cases 
because of its physical properties and its biocom-
patibility.

torsades-de-pointes Taken from the French for 
‘twisting points,’ a type of triggered automatic 
tachycardia which looks like a series of rapid ven-
tricular waves ‘turning’ on the ECG. Torsades-de-
pointes is not caused by an electrical disorder and 
does not respond to defi brillation.

train In ATP, a pattern of several bursts with or 
without extrastimuli.

transvenous lead Any lead for an ICD or pace-
maker which is passed through a vein and maneu-
vered into place in the heart.

Trendelenburg position A position for surgical 
procedures in which the patient lies supine on a 
table and the table is tilted such that the patient’s 
feet are higher than his or her head. The Tren-
delenburg position encourages veins around 
the heart and neck to fi ll with blood and thus be 
plumper and more easy to access and dissect.

trigger An event or other criterion which causes 
the ICD to store an electrogram according to 
programmed data (that is, single-channel, dual-
channel, and so on).

triggered automaticity. An event which precipi-
tates an automatic tachycardia. A typical (but 
not only) trigger might be a bradycardia pause in 
the heart rhythm. The trigger accelerates phase 
4 of the action potential which, in turn, causes 

the heart to initiate the next depolarization too 
quickly after the repolarization. See also tor-
sades-de-pointes.

troubleshooting The systematic approach to try-
ing to identify the cause of unexpected and pos-
sibly inappropriate ICD behavior with the objec-
tive of correcting it.

UBD Use-before date.
UB date Use-before date.
Use-before date (UBD or UB date) A date on the 

device package before which the device should be 
implanted. The UB date marks the point at which 
the housekeeping current drain on the battery 
may impact stated longevity projections for the 
device. A device that has passed its UB date may 
have a shorter service life than a device before or 
at its UB date.

ventricular electrogram An electrogram from 
the ICD’s ventricular channel only. This is a form 
of single-channel EGM.

VF Ventricular fi brillation
ventricular fi brillation (VF) A dangerous ven-

tricular arrhythmia characterized by very rapid 
and wildly disorganized ventricular beats at rates 
of 200–300 beats a minute. During VF, no individ-
ually distinct QRS complexes appear on the ECG.

ventricular paced refractory period A program-
mable pacemaker parameter which determines 
an absolute refractory period initiated by a ven-
tricular output pulse.

ventricular tachycardia (VT) A broad term for 
any too-fast heart rhythms originating in the ven-
tricles, usually at rates between 100 and 300 beats 
a minute. At high rates, ventricular tachycardia 
differentiates itself from ventricular fi brillation 
by the fact that ventricular tachycardia presents 
identifi able QRS complexes on the ECG, while 
ventricular fi brillation does not.

voltage The electromotive force as measured in 
the difference between potentials. ICD output is 
sometimes measured in volts (V).

VT Ventricular tachycardia.
VVI A pacemaker mode which paces in the ven-

tricle, senses in the ventricle, and inhibits an out-
put in response to sensed activity.

VVIR. A pacemaker mode which paces in the ven-
tricle, senses in the ventricle, inhibits an output 
in response to sensed activity, and has rate re-
sponse.

1405135115_5_end.indd   1351405135115_5_end.indd   135 23/09/2005   08:59:5323/09/2005   08:59:53



136  Glossary

wand See programming wand.
Wolff–Parkinson–White syndrome A tachycar-

dia caused by a macro-reentry circuit in which 
the reentry pathway connects the atrium directly 
to the ventricle.

WPW Wolff–Parkinson–White syndrome.
zone See detection zone.
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74, 87–9, 100–102, 103
Auto Sensitivity algorithm  37–9, 40
Auto Update Morphology Template  

110
AV delay  71, 73, 124
AV nodal reentrant tachycardia 

(AVNRT)  6–7, 124

base rate, pacemaker  70–71, 73, 124
batteries  16–17
 low, indicators  104, 107
 voltage checks  108
beats per minute (bpm)  124
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23–4
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connector  126
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(CABG)  23
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DDDR pacing  70, 126
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defi brillation lead see high-voltage lead
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 data  93–4
 vs. sensing  41
 zones  43, 44, 127
Detection Summary  93–4, 99, 127
device, ICD  16–19
 preparation for implantation  27–8
 replacement  104, 107
device-based testing (DBT)  29–34, 

117, 127
device confi guration  43, 127
DFT see defi brillation threshold
diagnosis  81, 127
Diagnosis Information  94, 95, 127
diagnostics (including diagnostic data)  

93–105, 127
 bradycardia  100–103, 124
 episode  96–7, 98, 127
 erasure  93
 lifetime  97, 99, 99, 129
 shortcuts  104
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 troubleshooting  116, 118
diastole  127
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documentation
 diagnostic data  93, 104
 follow-up  111, 112
 at implantation  34
double-counting  118–19, 127
downsizing, ICD  14
driving  113
drug therapy  115
dual-chamber ICDs  17, 18–19, 127
 implantation  28
 pacing diagnostics  100–102
 sensing  39–41
 SVT discrimination  63, 64
dual-channel electrograms  80, 127
Dump Capacitors  52
dynamic range  81, 127

ECG fi lter  79, 127
education, patient  112–13
EGMs see electrograms
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see left ventricular ejection 
fraction

elective replacement indicator  107, 
127
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 arrhythmia detection  43, 45–6, 47, 

48
 atrial  77, 80, 123
 capture test  110, 111
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fi xed  128
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fi xed tilt  54–5, 128
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follow-up  106–14
 automated  106, 123–4
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110
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110–111
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 patients’ questions  112–13
 programming  111–12
 real-time EGM  108
 real-time measurements  108

gain  77, 128
Guidant devices  33

guidelines  20, 128

header  16, 18, 128
heart failure  23–4, 128
Heart Rate Histogram  100, 101, 128
Heart Rhythm Society  20
Heilman, Stephen  12
High Voltage Charging  96
high-voltage lead (defi brillation lead)  

17–19, 126, 128
 impedance  30, 111
 insertion  28
 integrity check (HVLIC)  30, 110–

111, 117
 testing  117
high-voltage (high-energy) therapy  

50–55
 inappropriate  62, 117–19, 120
 patient’s questions  113
 special features  86–7, 88, 89
history of ICDs  12–15
housekeeping current  27, 128
hypertrophic cardiomyopathy  22
hysteresis  71, 73, 128
 with search  71, 73

identifi cation bracelets  113
impedance, lead  117
 changes  104, 108
 defi brillation lead  30, 111
 pacing lead  29, 108
implantable atrial cardioverter-

defi brillators  7
implantation site  26
implant procedure  26–36
 conclusion  34
 defi brillation threshold testing  

31–2
 device-based testing  29–31
 high defi brillation threshold  32–4
 history  13, 17, 26
 lead testing  28–9
 postoperative care  34
 preparation for  26–7
 prior to  26
 team  27–8
 venous access  28
inappropriate therapy  62, 117–19, 

120, 128
incidence  128
indications  20–25
 Class I  21–2, 125
 Class IIa  22, 125
 Class IIb  22–3, 125
 Class III  125, –2423
 class system  20
inherited disorders  22
inter  128
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interference, device  115–16, 118
interrogation  106–8, 128
interval  44, 129
 average  48, 124
 averaging  44, 45
 counting  44–5
 current  48, 126
 pre-trigger  81, 131
Interval Stability  63–4, 129
intra  129
intracardiac electrograms (IEGM)  

77, 129
 see also electrograms
ion  129

joules (J)  51, 129

leads  17–19
 extraction  107
 impedance see impedance, lead
 insertion  28
 problems  107, 117
 replacement  107
 testing  28–9, 117
 see also epicardial leads; high-

voltage lead; pacing leads
left ventricular dysfunction  21, 22
left ventricular ejection fraction 

(LVEF)  129
 indication for ICD  22
 sudden cardiac death and  1
lifetime diagnostics  97, 99, 99, 129
lithium  16, 129
lithium-iodide cell  16, 129
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long QT syndrome (LQTS)  8, 22, 24, 

129
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macro-reentry  7, 129
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MADIT II trial  20
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manual  129
manufacturer’s representative  27, 129
mapping  129
maximum duration  82, 129
maximum time to diagnosis (MTD)  

46, 66–8, 87, 89
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66–8, 86–7, 88
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73, 129
Medtronic devices  33
membrane potential  2, 129
micro-reentry  6–7, 130
microwave oven  113
Mirowski, Mieczyslaw (Michel)  12–14

Mirowski Award  13
Mirowski Symposium  13
mode, pacing  70–74, 73, 130
mode switching  72, 87–9, 100–102, 

103
mode switch log  102, 103, 130
monitoring, remote systems  19, 90–91
monophasic waveform  33, 52–4, 130
morphology  130
Morphology Discrimination  65–6, 67, 

110, 119, 130
Mower, Morton  12
myocardial infarction (MI)  130
 prior, ICD indications  21, 22
 reentrant VT/VF after  9
myocardium  130

navigation  130
New York Heart Association (NYHA) 

classifi cation  130
nominal value  130
noncommitted ICDs  52, 53, 96, 130
noninvasive programmed stimulation 

(NIPS)  117
nonsustained  130
normal sinus rhythm (NST)  130
 detection  43, 44
North American Society of Pacing and 

Electrophysiology (NASPE) 
(now Heart Rhythm Society)  
20

oversensing  37, 43

pacemaker-mediated tachycardia 
(PMT)  72–3

 detection rate  73, 74
 options  72–3, 74
pacemakers  16
pacing  17, 70–76
 asynchronous  70
 atrial overdrive  89–90, 91
 competitive  70, 125
 diagnostic data  100–103
 dual-chamber  72
 episodal  74–5, 127
 initial  34
 mode and timing parameters  

70–74
 post-shock (PSP)  75–6, 131
 special features  87, 90
 states  100, 130
 temporary  108
 see also bradycardia
pacing leads  18–19
 impedance  29, 108
 testing  117
pacing system analyzer (PSA)  27, 130

parameter settings
 at implantation  27
 programming see programming
 verifying  117
patch leads see epicardial leads
Patient Alert  90
patients
 questions, answering  112–13
 special ICD features  90–91
pediatric patients  18
pharmacological therapy  115
physical activities  112–13
physicians, other  113
PMT see pacemaker-mediated 

tachycardia
polarity
 programmable  131
 reversing  34, 55
port  131
port plug  19, 131
postoperative care  34
post-shock pacing (PSP)  75–6, 131
post-ventricular atrial refractory 

period (PVARP)  72, 73
premature ventricular contractions 

(PVC)  44, 72, 100, 131
premature ventricular events (PVE)  

100, 131
pre-trigger interval  81, 131
prevalence  131
primary prevention  131
 trials  20–21, 131
programmer  19, 131
programming
 diagnostic data erasure  93
 at follow-up  111–12
 initial  27–8, 34
 temporary  108
 wand  27, 30, 106–7, 131
psychiatric illness  23
pulses per minute (ppm)  70–71, 131
PVC see premature ventricular 

contractions
PVC options  72, 74
PV delay  71–2, 73, 131
P-wave, lead testing  28, 29

QRS morphology  65–6, 110
questions, patients’  112–13

ramp  131–2
ramping, ATP  57–8, 59
ramp step  58, 132
Rate Branch  63, 64, 132
rate-responsive AV delay (RRAVD)  

132
rate-responsive AV/PV delay  72, 73
rate-responsive ICDs  71, 132
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rate-responsive ventricular refractory 
period  74

Rate Smoothing  87
readaptation  57, 132
real-time measurements  108, 109, 132
record-keeping see documentation
redetection  46, 48, 132
 ATP therapy  58
 sinus  81–2, 133
reentrant  132
reentry  2, 5–6, 132
reformation  50–51, 132
refractory  3, 132
refractory period
 absolute  72, 123
 post-pace  41
 post-ventricular atrial (PVARP)  72, 

73
 rate-responsive ventricular  74
 relative  72, 132
 sensed  38
 shortest  74
 ventricular paced  72, 73, 135
remote monitoring systems  19, 90–91
replacement, device  104, 107
repolarization  3, 132
representative, manufacturer’s  27, 129
rescue  50, 132
rest rate  71, 73, 132
right bundle branch block, 

unexplained SCD with  23
risk factors  132–3
R-on-T phenomenon  70, 131
R-wave
 automatic sensitivity algorithms  38, 

39
 lead testing  28, 29

safety margin  133
scanning, ATP  57–8, 59, 133
SCD-HeFT trial  20–21
sedation  27, 31
self-terminate  133
self-terminated arrhythmias  52, 53
sensing  37–42, 133
 problems  116, 118–19
 see also oversensing; undersensing
sensitivity  37, 133
 adjustments  117, 119
 automatic algorithms  37–9, 40–41
 maximum  39–40
sensor  74, 133
sensor histogram  102–3, 133
sexual activity  113
shocking vectors  34, 55, 133
 programmable  131
shocks  113, 133
 see also high-voltage therapy

sick sinus syndrome  99
single-chamber ICDs  17, 133
 implantation  28
 pacing states  100
 SVT discrimination  64
sinoatrial (SA) node  4
sinus redetection  81–2, 133
sinus rhythm  133
 normal see normal sinus rhythm
sinus tachycardia  63, 65
size, ICD  14, 17
sodium ions  2
sodium-potassium pump  4
special events  82, 133
special features  86–92
specifi city  133
sports  112
St Jude Medical devices  33–4
 AF Suppression™ algorithm  90, 91
 detection  44, 45, 46
 real-time EGMs  78
 sensing  37–40
ST-segment elevations, unexplained 

SCD with  22–3
subclavian stick  28, 133
substrate  9, 133
sudden cardiac arrest (SCA) see 

sudden cardiac death
sudden cardiac death (SCD)  1–11, 

134
 family history  22–3
 survivors  21, 22
Sudden Onset  65, 134
support groups, patient  113
supraventricular  134
supraventricular tachycardia (SVT)  

6, 134
 discrimination  62–9, 118, 119, 134
 discriminators  62–9, 117, 134
 maximum time to diagnosis (MTD)  

87
 with rapid ventricular response  7
sustained  134
SVT see supraventricular tachycardia
sweep speed  79, 134
swimming  113
synchronous  134
syncope  24
 in advanced structural heart disease  

23
 troubleshooting  120
 unexplained  21, 22–3, 23
system, ICD  16–19
 see also device, ICD
systole  134
systolic function  22, 134

tach  134

Tach A  44, 134
Tach B  44, 134
tachyarrhythmia  134
tachycardia  134
 automatic  4, 124
 diagnostics  93–7, 99, 134
 episodes  74
 lead see high-voltage lead
 pacemaker-mediated see 

pacemaker-mediated 
tachycardia

 parameters, programming  27, 
30–31

 redetection  134
 reentry  5–6
 sinus  63, 65
 types  6–10
 see also specifi c types
tachy detection rates  44, 72, 134
 troubleshooting  117, 118, 119
tach zones  44–5, 134
team, implantation  27–8
telemetry  19, 30, 107
terminal illness  23
terminate  134
therapy  50–61
 aborted see aborted therapy
 delivery  50, 52, 62, 134–5
 EGM storage  81
 failure to deliver  115–17, 120
 high-voltage see high-voltage 

therapy
 inappropriate  62, 117–19, 120, 128
 tiered  43, 135
 verifying settings  117
Therapy Summary  94–6, 99, 135
thoracotomy (open-chest surgery)  13, 

17, 26, 135
Threshold Start  38, 39–40
tiered therapy  43, 135
tilt  33–4, 54–5, 135
 fi xed  54–5, 128
titanium  18, 135
torsades-de-pointes  5, 8–9, 135
train  56, 57, 135
training  86
transtelephonic monitoring (TTM)  

90–91
transvenous leads  17–19, 135
 see also leads
travel  113
Trendelenburg position  26, 135
trigger  81, 135
troubleshooting  115–21, 135
 failure to deliver therapy  115–17
 inappropriate therapy delivery  

117–19
 matrix  120
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2:1 blocking rate  73

undersensing  37, 43, 116
Update Trends  108, 109
use-before-date (UBD or UB date)  

27, 135

venous access, ICD implantation  28
ventricular fi brillation (VF)  7–8, 135
 detection  43–6
 incessant  23
 induced  21
 redetection  46
 reentry  9–10
 survivors  21, 22
 SVT discrimination  62–9
 therapy  50–55
ventricular tachycardia (VT)  135

 cardiac arrest survivors  21
 detection  43, 44–7, 48
 failure to deliver therapy  

115, 116
 hemodynamically stable  128
 ICD indications  21, 22, 23
 incessant  23
 monomorphic  7, 8, 130
 nonsustained (NSVT)  7, 130
  ICD indications  21, 22
 polymorphic  7, 8, 131
 redetection  46, 48
 reentry  9–10, 55–6
 slow  44, 58, 63, 100, 118
 sustained  7
  inducible  21, 22
  spontaneous  21, 22
 SVT discrimination  62–9

 therapy  50–58
Ventritex device  33–4
VF see ventricular fi brillation
voltage  51, 135
voltage multipliers  16
VT see ventricular tachycardia
VVI pacing  70, 72, 135
VVIR pacing  70, 135

wand, programming  27, 30, 106–7, 
131

warning indicators  90, 104, 107
Watkins, Levi  13
waveform morphologies  52–5
Wolff–Parkinson–White (WPW) 

syndrome  7, 135–6

zones, detection  43, 44, 127
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