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Introduction

Implantable cardioverter defibrillators (ICDs)
have proven to be highly successful for treat-
ing life-threatening ventricular arrhythmias. Rapid
improvements in the design and technology of
ICDs and defibrillator leads have improved effi-
cacy and accuracy of delivered therapy. The ICD
has become the treatment of choice for patients
at risk of life-threatening ventricular arrhythmias.
This has largely relegated antiarrhythmic drug
therapy to a palliative role in the treatment of
ventricular arrhythmias, that is, preventing inap-
propriate or frequent shock therapy. However, de-
spite the proven efficacy of ICD therapy for treating
ventricular arrhythmias, pharmacologic therapy
still remains an important adjunctive treatment to
device-based therapy. The use of antiarrhythmic
drug therapy, in combination with an ICD, has
unique implications whereby beneficial and ad-
verse interactions may occur. Therefore, it is im-
portant for the physician managing these patients
to be fully aware of these potential interactions.
This article summarizes the benefits and adverse
effects of combining device-based antiarrhythmic
therapy with antiarrhythmic drug therapy. In ad-
dition, a framework is provided, drawn from the
authors’ experience, on which to tailor the safe
management of concurrent antiarrhythmic drug
therapy and device-based therapy.

Trends of Antiarrhythmic Drug Use in Patients
Implanted with an ICD

To better assess prior and current use of an-
tiarrhythmic drug therapy in patients with an ICD,
results were reviewed of snapshot surveys per-
formed at the authors’ tertiary care center in 1989,
1993, 1997, and 2000. At each point in the survey,
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the study identified if a patient implanted with
an ICD was also receiving an antiarrhythmic drug
and the reason for institution of the drug therapy.
The surveys documented a dramatic decrease in
antiarrhythmic drug therapy use in the beginning
of the past decade. Currently, about 40% of the pa-
tients followed at the University of Pennsylvania
Health System with an ICD are also receiving an
antiarrhythmic drug (Fig. 1).! It is interesting to
speculate about the reasons why antiarrhythmic
drug therapy use was dramatically reduced in this
patient population at the beginning of the 1990s.
An analysis of the relationship between arrhyth-
mia presentation and antiarrhythmic drug therapy
use in the patients with an ICD demonstrated a de-
crease in antiarrhythmic drug therapy use in pa-
tients with cardiac arrest/syncope. However, the
use of antiarrhythmic drug therapy for patients
with sustained ventricular tachycardia (VT) re-
mained relatively constant over the last decade.
Specifically, antiarrhythmic drug use decreased
from 71% to 33% between the years 1989 and 2000
in patients presenting with cardiac arrest or syn-
cope to the authors’ center. In contrast, its use was
relatively unchanged in patients presenting with
uniform sustained VT (46% in 1989 vs 54% in
2000) (Fig. 2).! The authors believe these observa-
tions primarily reflect a change in their approach
to patients who present with cardiac arrest. The
decreased use of antiarrhythmic drug therapy in
patients with cardiac arrest/syncope probably re-
flects their increasing use of ICDs as a first line
therapy in this patient population. This is prob-
ably due to the fact that pharmacologic therapy
in these patients is no longer guided by the re-
sponse to invasive programmed stimulation, but
rather it is based on the frequency of arrhyth-
mia recurrences or the need to suppress supraven-
tricular arrhythmias. Other factors that may have
also contributed to the reduced use of antiar-
rhythmic drug therapy in patients implanted with
an ICD include technological improvements in
the devices themselves, particularly the introduc-
tion of antitachycardia pacing. Improvements in
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Figure 1. Trends of antiarrhythmic drug use over the
past decade in patients with an ICD. Overall, there was
a decrease in the use of antiarrhythmic drugs, which
occurred at the beginning of the last decade and then
leveled off. The largest decrease of drug therapy in this
patient population was seen with the Vaughn-Williams
Class I agents. However, there has been an overall in-
crease in the use of the class IIl agents amiodarone and
sotalol. Data were sampled at regular 4-year intervals
between the years 1989 and 1997. However, due to the
rapid advancements in ICD technology and expanded
indications for ICD implantation in the late 1990s, the
last follow-up was performed at a slightly earlier time
interval. ICD = implantable cardioverter defibrillator;
n = number of patients with an ICD.

nonpharmacologic management of associated
supra-VTs at the beginning of the last decade,
specifically radiofrequency catheter ablation, also
contributed to the decreased use of antiarrhythmic
drug therapy in these patients.

The use of antiarrhythmic drug therapy ap-
pears to vary significantly from one institution
to another. Various studies have reported the use
of antiarrhythmic drug therapy in patients im-
planted with a prior ICD, where the percentage
of ICD patients receiving pharmacologic therapy
ranges from 18% to 70%.%3 Although it is worth-
while reflecting on representative institutional an-
tiarrhythmic drug usage, it is probably more useful
to take a minimalist point of view with identifi-
cation of the smallest percentage of patients with
an antiarrhythmic device that will require phar-
macologic therapy. Data on this parameter, the au-
thors believe, was most accurately reflected by the
Antiarrhythmic versus Implantable Defibrillators
(AVID) trial. Since crossover was discouraged in
this trial, the number of patients randomized to
the ICD arm who required drug therapy should
be a close approximation of the absolute require-
ment for antiarrhythmic drug therapy in this pa-
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Figure 2. Influence of ventricular arrhythmia diagno-
sis on the use of antiarrhythmic drugs over the past
decade at the University of Pennsylvania Health Sys-
tem. The decrease in antiarrhythmic drug use has oc-
curred primarily in patients with a diagnosis of cardiac
arrest or syncope and has remained relatively constant
in those patients with a diagnosis of unimorphic ven-
tricular tachycardia.

tient population. The ICD arm of the AVID study
showed that 81 (18%) of the patients, out of a total
of 461 patients with an ICD, subsequently required
treatment with an antiarrhythmic drug during a
median follow-up of 135 days. The primary rea-
sons for crossover in this trial were frequent ICD
shocks in 64%, recurrent ventricular arrhythmia in
26%, and recurrent SVT in 2% of these patients.*
In another recent randomized ICD trial, Multi-
center Automatic Defibrillator Implantation Trial
(MADIT) II, 16% of the patients in the defibril-
lator arm were on an antiarrhythmic drug at the
time of the last follow-up visit.> These data con-
firm the important role that hybrid therapy, use
of an antiarrhythmic device combined with phar-
macologic therapy; contribute to the management
of life-threatening ventricular arrhythmias. Even
with all the present day advances in ICD technol-
ogy, it is reasonable to assume that at least 16—40%
of patients implanted with an ICD will require ad-
ditional pharmacologic therapy based on the trials
referenced above. In addition, there is lack of data
in the literature on compliance of antiarrhythmic
drug usage in patients with an ICD. For this reason,
it is critical that the managing physician be aware
of all of the important interactions between an an-
tiarrhythmic device and antiarrhythmic agent in
this patient population.

Beneficial Effects of Combining Antiarrhythmic
Drug Therapy with ICD Therapy

Suppression of Recurrent Arrhythmias

Antiarrhythmic drug therapy is primarily ini-
tiated to prevent recurrence of ventricular ma-
lignant arrhythmias in patients implanted with
an ICD, but may be useful for several additional
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Table 1.
Potential Beneficial Effects of Combining Antiarrhythmic Drugs with ICD Therapy

e Suppression of recurrent episodes of VT/VF with a reduction in the number of delivered shocks and prolongation of

the device’s battery life.

e Prolongation of the tachycardia cycle lenght resulting in increased hemodynamic tolerance and successful termination

by antitachycardia pacing.

e Prevention or decrease in the frequency of paroxysms of supraventricular tachycardia resulting in a reduced number

of inappropriate ICD shocks.

e Decrease the frequency of symptomatic nonsustained VT episodes.

e Prevention and/or improved treatment of electrical storm.

ICD = implantable cardioverter defibrillator; VF = ventricular fibrillation; VT = ventricular tachycardia.

reasons in these patients (Table I).%7 The frequent
recurrence of arrhythmias can result in multi-
ple ICD shocks that produce patient discomfort
and premature device battery depletion. Antiar-
rhythmic drugs also prevent frequent paroxysms of
supra-VT that may lead to inappropriate delivery
of device therapy.® Furthermore, most antiarrhyth-
mic drugs tend to increase the tachycardia cycle
length, which may render the tachycardia more
amenable to antitachycardia pacing therapy and
spare the patient from uncomfortable shock ther-
apies. This is exemplified in a study by Mazur
et al.® that showed that in patients with docu-
mented monomorphic VT there was a better re-
sponse to overdrive pacing in the presence of
dofetilide (Vaughan Williams Class III agent) as
compared to patients treated with ICD-based ther-
apy alone.

The importance of suppressing arrhythmia
events in patients with a preexisting ICD should
not be underestimated. In the European Registry
of Implantable Defibrillator (EURID) study, inves-
tigators collected and analyzed data form 3,344 pa-
tients implanted with an ICD to assess the mortal-
ity, morbidity, and complications associated with
these devices. Data sets were collected at the time
of device implantation, the time of hospital dis-
charge, and then at 3-month and 12-month in-
tervals following hospital discharge. Overall, al-
most one half of these patients had some form
of device-based intervention during the course of
the study. In addition, 1,691 hospital readmissions
were recorded during the 12-month follow-up in-
terval with 61.3% of the readmissions due to ap-
propriately treated recurrent ventricular arrhyth-
mias.'® The antiarrhythmic agents most commonly
used in this registry were amiodarone (16.8%)
and sotalol (6.5%) at the time of device implan-
tation that subsequently increased to 19.8% and
10.4% of the patients, respectively, at the conclu-
sion of the follow-up. The results of this study
suggest that hospital readmission due to appropri-
ate ICD therapy still remains a significant clinical
issue.
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Preventing Psychological Effects of ICD Shock
therapy

Delivery of an ICD shock, appropriate and
inappropriate, is often associated with increased
psychological distress in the patient and their fam-
ilies.’*~1* The AVID trial extended these findings
by demonstrating that patients who received more
than one ICD shock within the initial year of im-
plantation reported significant declines in physi-
cal functioning and mental well being.'* Increased
sadness, anxiety, fatigue, and nervousness were
also found to be associated with more ICD dis-
charges.’® One study reported that overall psycho-
logical distress was significantly correlated with
the total number of ICD shocks a patient receives.'®
Taken together, these studies suggest that a reduc-
tion in ICD shock frequency may prevent psycho-
logical stress and lead to an improved quality-of-
life for ICD recipients.

Helping to Manage Ventricular Electrical Storm

The precise definition of electrical storm is
still evolving. Credner et al.'” and Exner et al.'8
defined electrical storm as the occurrence of three
or more separate episodes of VT/ventricular fibril-
lation (VF) within a 24-hour period where each
episode is separated by at least 5 minutes. The
most commonly used definition of electrical storm
is two or more episodes of hemodynamically
destabilizing VT/VF occurring in a 24-hour pe-
riod that usually require electrical cardioversion
or defibrillation.'%2° Most published data suggest
that approximately 10-30% of patients with an
ICD experience electrical storm at some point in
their clinical course.'”*?! The etiology of electri-
cal storm is not clearly understood, but acute is-
chemia, worsening cardiac function, the develop-
ment of electrolyte disturbances, autonomic im-
balance, and drug induced proarrhythmia are all
considered to be precipitating factors. The ma-
jority of patients who experience electrical storm
require in-hospital therapy, thus significantly im-
pacting ICD related treatment costs.!” In one study,
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electrical storm appeared to identify ICD recip-
ients who were at higher risk for a nonsudden
mechanism of death, particularly within the first
3 months after occurrence of the event.'® In addi-
tion, another study reported that the occurrence of
appropriate, multiple high energy discharges were
common during electrical storm and were associ-
ated with a poorer clinical outcome.??

In patients presenting with electrical storm,
attention should be paid to correcting potentially
reversible triggering factors before specific antiar-
rhythmic drug therapy is instituted. Myocardial is-
chemia and increased sympathetic output are com-
mon precipitating factors in this situation, and the
authors feel that initiating or intensifying therapy
with g-adrenergic blockers should be attempted
whenever possible. If further antiarrhythmic drug
therapy is necessary, intravenous amiodarone can
be administered followed by oral maintenance
doses. This strategy has been reported to produce
successful short-term results with long-term out-
comes similar to patients without electrical storm
who have a similar degree of left ventricular dys-
function.' The efficacy of amiodarone in the treat-
ment of unstable VT/VF is fairly well established
by several clinical trials,'®2? but its effect in pa-
tients with an existing ICD in preventing electri-
cal storm has not been evaluated in a randomized
study.

In one case report, the class I antiarrhythmic
agent mexiletine was reported to have successfully
terminated electrical storm in combination with
amiodarone.?? In another case report, biventricu-
lar pacing was found to be useful in preventing re-
current episodes of VT that were refractory to an-
tiarrhythmic drug.?® While, antiarrhythmic drug
therapy used in combination with an ICD may
be useful for treating electrical storm it is clear
that the available data is scant. In addition, even
less evidence exists about the usefulness of an-
tiarrhythmic drug therapy in conjunction with a
biventricular ICD, which is increasingly replacing
the standard right-sided single chamber and dual
chamber devices.

Decrease in Defibrillation Threshold

In most situations antiarrhythmic drug ther-
apy increases the energy requirement for defibril-
lation. However, some antiarrhythmic drugs may
actually lower the defibrillation threshold (DFT),
which can provide a unique beneficial effect on
ICD function. The Vaughan-Williams Class III an-
tiarrhythmic agents (dofetilide, azimilide, and so-
talol) appear to decrease the energy requirements
for defibrillation.?*~26 Although the authors have
not routinely used, nor do they recommend antiar-
rhythmic drug therapy use for the sole purpose of
lowering DFT, this potential effect may be of partic-
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ular benefit in patients with marginal defibrillation
safety margins.

Effectiveness of Antiarrhythmic Drugs for
Preventing ICD Shocks

Despite the widespread use of antiarrhythmic
drug therapy in patients with an existing ICD, there
are only a few studies documenting the efficacy of
such therapy in this patient population. Pacifico
et al.?” conducted the first well-designed trial
examining the effect of pharmacologic therapy on
ICD shock frequency. In this multicenter trial, pa-
tients were randomly assigned to double-blinded
treatment with 160-320 mg of D, L-sotalol per
day (n = 151) or a matching placebo (n = 151).
Compared to placebo, treatment with sotalol
was associated with a 48% (P < 0.001) risk
reduction in death from all causes or delivery
of first shock for any reason, and a 64% (P =
0.004) risk reduction in death from all causes
or delivery of a first inappropriate shock. In this
study, sotalol was also found to reduce the mean
frequency of delivered shocks due to any cause
as compared to placebo (P = 0.008)?” In another
study, Kuhlkamp et al.?® showed that D, L-sotalol
significantly reduced the recurrence of sustained
VT in comparison to patients with only an ICD and
no additional pharmacologic therapy. O’Toole et
al.,?% in a similarly designed multicenter, double-
blinded placebo-controlled trial of 174 patients
with a prior ICD showed that the class III agent,
dofetilide, prolonged the median time to all cause
mortality and first appropriate shock. In a recently
published double-blinded, placebo-controlled
pilot study, azimilide (class III agent) reduced
the frequency of appropriate ICD therapies by
69% compared with placebo (hazard ratio 0.31,
P =0.0001).%°

The antiarrhythmic effects of B-adrenergic
blocking agents (Vaughan Williams Class II) are
often over looked in this patient population. The
B-adrenergic blocking agents are efficacious an-
tiarrhythmic drug therapies with a favorable side-
effect profile that should be instituted in all ICD
patients with coronary heart disease and/or con-
gestive heart failure. One prospective randomized
trial of 100 patients with an existing ICD compared
the effects of metoprolol and D, L-sotalol on the
rate of arrhythmia recurrence and total mortality.
In this trial there were no significant differences
between the two study groups with regards to the
recurrence of VF/VT, total mortality, and event-
free survival. The authors concluded that meto-
prolol is as efficacious as sotalol in preventing
VT/VF recurrence in patients with a prior ICD.?!
The ongoing Optimal Pharmacological Therapy in
Implantable Cardioverter (OPTIC) study is being
conducted to determine if combined treatment
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with amiodarone and B-blockers or sotalol alone
will reduce the occurrence of ICD shocks com-
pared to treatment with g-blockers alone. In this
study patients are being randomized to one of
the three treatment arms: (1) B-blockers alone,
(2) sotalol, or (3) amiodarone and pB-blockers
(carvedolol, bisoprolol, or metoprolol) and all pa-
tients will receive a dual chamber ICD. The pri-
mary outcome measure is the time to first ICD
shock, either appropriate or inappropriate.3?
Finally, a recent follow-up study of the ICD
arm from the AVID trial showed that there were
1.4 £ 3.7 fewer ICD therapy events (P = 0.005) af-
ter addition of an antiarrhythmic drug, which were
predominantly accounted for by a reduction in de-
livered shocks rather than antitachycardia pacing
therapies. In this follow-up study, amiodarone was
the most commonly used antiarrhythmic agent and
was used by 42% of the patients with a prior ICD.
Overall, the arrhythmia event rate was reduced
from 90% to 64% (P < 0.001) in the crossover
group after the institution of pharmacologic ther-

apy.*

Adverse Antiarrhythmic Pharmacologic and
Device Interactions (Table II)

Increase in DFT

The DFT is defined as the lowest delivered
energy that will convert VF to a supraventricular
rhythm. An increase in DFT may lead to failure
of device therapy, and as a result may have severe
life-threatening consequences. Discordant results
have been reported in several studies investigating
the effect of antiarrhythmic agents on DFT. As a re-
sult, it is difficult to arrive at a definite conclusion
with regards to the effect of antiarrhythmic drugs
on ICD DFT. Nonetheless, below is a summary of
the known effects.

Class IA antiarrhythmic agents have been
shown to have inconsistent effects on the DFT in
various studies. In a few canine studies quinidine
was found to be associated with an increase in
the DFT?® whereas, another experimental study
showed that quinidine had little effect on DFT.?*
Data with regards to other class IA agents, specifi-
cally procainamide and disopyramide, has shown
that these drugs do not appear to significantly
affect the DFT.3%3% Of the class IB antiarrhyth-
mic agents, lidocaine is the most extensively stud-
ied and has frequently been shown to be associ-
ated with an increase in DFT.3>3¢ With regards
to another class IB agent, mexiletine, a prelimi-
nary study by Senatore et al.?” revealed that in pa-
tients with an existing ICD mexiletine increases
DFT more often than amiodarone. The effect of
the class IC agents has also been investigated and
flecainide has not been associated with an in-
crease in DFT in several animal studies.®® How-
ever, one study, where the investigators used an
anesthetized dog model, demonstrated a signifi-
cant increase in DFT with flecainide.3® Moricizine,
another class IC agent, has also been associated
with an increase in the DFT in one animal study.
The combination of moricizine with lidocaine re-
sulted in a synergistic rise in DFT.***! In one hu-
man study, Stevens et al.*? concluded that the class
IC agent propafenone was not associated with any
significant affect on DFT in patients with a prior
ICD.

The other antiarrhythmic drug often associ-
ated with elevations in the DFT is amiodarone.
This drug appears to have a less consistent ef-
fect on DFT,*>** but in selected individuals may
be associated with a potentially life-threatening
increase in DFT when administered chronically
(Fig. 3).*>%® The Low Energy Safety Study
(LESS) assessed the efficacy and the safety of

Table Il
Potential Adverse Effects of Combining Antiarrhythmic Drugs with ICD Therapy

¢ Increase in the defibrillation and/or pacing threshold leading to device inefficacy.
e Prolongation of the tachycardia cycle length below the device lower rate limit or enhancing rate instability of VT leading

to inappropriate withholding of device therapy.

e Proarrhythmic effects resulting in more ventricular arrhythmia episodes and delivered therapies.

o Organization of atrial fibrillation to atrial flutter with rapid ventricular conduction or enhancing AV nodal conduction
during atrial fibrillation resulting in inappropriate device therapy.

e Creation of bradyarrhythmias or delayed conduction resulting in increased bradypacing therapy

- Increase device usage and battery depletion
- Increased incidence of pacemaker syndrome

- Enhanced LV dysynchrony with the need for RV apical pacing and the precipitation of heart failure

AV = atrioventricular; ICD = implantable cardioverter defibrillator; LV = left ventricular; RV = right ventricular; VT = ventricular

tachycardia.
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Figure 3. Amiodarone therapy leading increasing defibrillation threshold (DFT) and resulting in device therapy fail-
ure. (A) Appropriate detection and delivery of a successful ICD shock with termination of ventricular fibrillation (VF)
using a 15.2-] shock prior to the initiation of amiodarone therapy during implant testing. The patient’s DFT was 14
J at this time. (B,C) The patient was started on amiodarone therapy for treatment of atrial fibrillation and during
follow-up ICD testing the device was unable to terminate induced VF with a shock of 19.4 J (B) or even a follow-up
shock of 33.6 J (C). © Eventually, an external shock of 360 ] was required to terminate the ventricular arrhythmia. The
DFT was found to have increased to 35 ] on amiodarone therapy. The patient subsequently had his ICD upgraded to a
high output device. In all panels the atrial electrogram is the top tracing, the ventricular electrogram is in the middle
tracing, and device interpretation markers are listed on the bottom. ICD = implantable cardioverter defibrillator.

programming chronic ICD shock energy levels In summary, most of the class I antiarrhythmic
based on the DFT. This study included patients agents and amiodarone can potentially increase
who were undergoing ICD implantation for sud- the DFT. Use of these drugs in patients with an
den cardiac death, VF, or VT. In this trial, only existing ICD must be done with caution and aware-
left ventricular dysfunction (ejection fraction [EF] ness of this potentially life-threatening adverse ef-
<0.35) and amiodarone therapy were found to be fect. This particularly applies to patients who al-
associated with a significant increase in DFT.*” ready have a marginal energy value for effective
One recent study provides evidence that desethy- defibrillation.

lamiodarone, an active metabolite of amiodarone, . .

increases DFT by a greater amount than the par- Increase in Pacing Threshold

ent compound amiodarone. The authors suggest All present generation ICDs provide pacing ca-
that the difference in DFT between short-term in- pabilities for the treatment of bradyarrhythmias
travenous and long-term oral amiodarone therapy and to deliver antitachycardia pacing for treat-
may be due to the accumulation of desethylamio- ing VT. The Vaughan-Williams Class I antiarrhyth-
darone during long-term oral therapy.*® mic agents have been shown to elevate pacing
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threshold.*® Drugs that inhibit sodium channel
conduction also may produce rate dependent el-
evations in the pacing threshold and these eleva-
tions may be quite dramatic, particularly for the
class IC agents which may then render antitachy-
cardia pacing ineffective.’° This phenomenon,
known as use-dependent block, is central for
the antiarrhythmic action of this class of drugs
whereby the magnitude of ion channel blockade
increases with repetitive depolarizations.3! There-
fore, an increase in the frequency dependent pac-
ing threshold must be taken into consideration
when one is programming the antitachycardia pac-
ing output. For this reason the authors suggest that
the output for all antitachycardia pacing therapies
be programmed to the highest available energy out-
put to provide a safety margin that guarantees cap-
ture during treatment of VT.

Typically, it is assumed that by reducing the
VT rate the arrhythmia is rendered more amenable
to termination by antitachycardia pacing by pro-
viding a longer diastolic period, which allows for
more antidromic penetration into the tachycardia
circuit. For the vast majority of patients the pre-
ceding paradigm will largely hold true, however,
this is not always the case for every patient. In a
few selected patients, the authors found that the
efficacy of antitachycardia pacing may actually
be paradoxically lower with slower tachycardia
rates. They presumed this to result from alterations
in the local conduction and refractoriness, which
may affect the timing of a critically introduced
train of pulses. Therefore, they recommend that
the efficacy of all antitachycardia pacing therapies
be tested during noninvasive programmed stimu-
lation in patients treated with an antiarrhythmic
drug who have documented VT to ensure appro-
priate device programming. Amiodarone, a drug
which possesses electrophysiological effects com-
mon to all four Vaughan-Williams classes, may
also be associated with increased pacing thresh-
old (Table III).

Prevention of Accurate Arrhythmia Recognition

As mentioned above, it is a well-recognized
phenomenon that antiarrhythmic drugs will slow
the rate of any given VT. Although this is primarily
a beneficial effect due to improvements in hemo-
dynamic tolerance, slowing the rate of a VT be-
low the lower rate cutoff an antitachycardia device
may produce disastrous consequences (Fig. 4).
In many situations, the degree of slowing of the
VT can be anticipated for the individual antiar-
rhythmic agent used, however, the observed clin-
ical response may sometimes be different than is
expected.’®%3 In addition, the late developing ef-
fects on heart rate with an antiarrhythmic drug that
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Table Il
General Effects of Antiarrhythmic Agents on DFT and
Pacing Thresholds
Effect on
Vaughan-Williams Pacing
Classification Effect on DFT Threshold
1A +/— 0
1B 1 1
IC +/— 0
Il 0 0
1} (1 w/amiodarone) 0
v 0 0

4 = evidence supports an increase; | = evidence supports a
decrease; 0 = evidence supports no significant effect; +/— =
conflicting evidence; DFT = detibrillation threshold.

have complex metabolism, like amiodarone, must
also be anticipated.

Proarrhythmic Effects Leading to Increased
Device-Based Antitachycardia Therapy

The proarrhythmic effects of antiarrhythmic
drugs are well known and may lead to more fre-
quent and malignant arrhythmias requiring in-
creased ICD intervention. It must be recognized
that because of the complex electrophysiological
milieu associated with ventricular arrhythmoge-
nis, an effective antiarrhythmic drug in one pa-
tient may be proarrhythmic in another. Selection
of drug therapy for arrhythmia control is em-
piric and a proarrhythmic risk must be consid-
ered when instituting antiarrhythmic drug thera-
pies. Occasionally, certain antiarrhythmic agents
which block repolarization currents may induce
QT interval prolongation and pause dependent
polymorphic VT.? Proarrhythmia by potentiating
a more rapid rate with atrial arrhythmias must
also be considered. Vaughan Williams Class I
agents, in addition to amiodarone, slow atrial con-
duction velocity and may consequently lead to
the organization of atrial fibrillation into atrial
flutter with a relatively long atrial cycle length.
This may subsequently result with catecholamine
potentiation in atrial flutter with 1:1 atrioven-
tricular conduction and rapid ventricular rate-
response. Such a rapid, regular response to atrial
flutter is difficult for the antitachycardia device
to correctly identify as a supra-VT. Ventricular
antitachycardia pacing will be ineffective and
shock therapy is often delivered in these cases.
Also, the vagolytic action that some pharmaco-
logic agents, like quinidine, have on atrioventric-
ular (AV) nodal conduction may produce a more

PACE, Vol. 27



DEVICE-BASED AND PHARMACOLOGIC THERAPIES TO TREAT VENTRICULAR ARRHYTHMIAS

ICD shock

VT detection (>188 bpm)

T

* * * *

[R|R|R| |R|R|] |RI|R[S|R]|S]
(a) 740V B
819
5 |319 [315 [319 [335 312 [312 (323 [315 [323 [323 [319 [331 [323 | |
I:Is19 |:|s15 319 [327 |315 [312 [323 [319 [319 [327 [319 [331 [319 [315 | |851
R R R R R R R R R R R R R R R

VT undetected (<120 bpm)

6550 56251 BB YR f

(b)

Figure 4. Amiodarone therapy slowing the ventricular tachycardia (VT) rate below the device VT detection zone.
(A) Prior to the initiation of amiodarone therapy, the patient had VT at a rate of about 200 beats/min, which the device
appropriately detects and treats with a 740-V shock. (B) After initiation of amiodarone therapy for the prevention
of appropriate shocks by the device, the patient had ventricular tachycardia at a rate of 110 beats/min that fell
below the VT detection zone. The device failed to detect or treat this arrhythmia. In all panels the top tracing is the
device interpretation markers, the middle tracing is the atrial electrogram, and the bottom tracing is the ventricular
electrogram from the sensing bipole. Note that the morphology of the ventricular electrogram is identical in both
panels (A and B) which helps to identify the slower rhythm in panel B as VT. This patient subsequently underwent
catheter ablative therapy to eliminate slow VT and permit continuation of amiodarone therapy. ICD = implantable
cardioverter defibrillator.

rapid, and thereby more regular ventricular re- QRS and sensed electrogram duration, which may
sponse to atrial fibrillation that may also lead to the lead to rhythm misclassification by some devices
delivery of inappropriate device therapy (Fig. 5). with the delivery of inappropriate therapy during
Increased ventricular pacing and shock device supraventricular arrhythmias if morphology sens-
therapy for supraventricular arrhythmias may not ing criteria are used.*®

only produce morbidity from multiple shocks, but

may also occasionally precipitate more rapid ven- Precipitation of Bradyarrhythmias

tricular arrhythmias with adverse hemodynamic Drug induced slowing of the sinus rate or al-
effects.®® Finally, sodium channel-blocking drugs teration of AV conduction is a frequently over-
(especially the potent class IC agents) increase looked adverse consequence of antiarrhythmic
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Figure 5. Quinidine therapy for atrial fibrillation enhancing atrioventricular (AV) nodal conduction leading to in-
appropriate ICD therapy. (A) Prior to the initiation of quinidine therapy, this patient has atrial fibrillation with a
ventricular rate of 100 beats/minute. (B) After the patient was started on quinidine for the treatment of his atrial
fibrillation, paroxysms of atrial fibrillation still occurred but now with a rapid ventricular response which fell within
the VT detection zone of the device and resulted in the delivery of inappropriate therapy. In all panels, the top tracing
is the atrial electrogram, the next tracing is the ventricular electrogram from the sensing bipole, the third tracing down
is the ventricular electrogram from the shocking bipole. The device interpretation markers are provided on the bottom.
A. Fib = atrial fibrillation; AR = atrial rate; ICD = implantable cardioverter defibrillator; VR = ventricular rate; VT =
ventricular tachycardia.

drug therapy. Precipitation of bradyarrhythmias ular pacing with provocation of left ventricular
may result in premature battery drainage due to dysynchrony and heart failure must be an antici-
increased “back-up” bradycardia pacing. Impor- pated consequence of drugs that slow the sinus rate
tantly, in patients with an ICD that only has single or block AV conduction. Appropriate device pro-
chamber backup bradycardia pacing capabilities, gramming or the institution of biventricular pac-
the effect of slowing the sinus rate or AV conduc- ing maybe required if continued drug therapy is
tion may actually produce pacemaker syndrome deemed necessary.

associated with increased VVI pacing. Finally, the
potential detrimental effects of right ventricular
pacing in patients with structural heart disease Delivery of inappropriate shocks represents
are well recognized. The development of ventric- one of the most frequent and debilitating

Limiting Effectiveness of Rate Stability Criterion
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complications of ICD therapy. Overall, atrial fibril-
lation with arapid ventricular response is the most
frequent cause of inappropriately delivered ICD
therapy.®® The stability criterion was developed
for use in antitachycardia devices to help differen-
tiation VT (stable ventricular rates) from atrial fib-
rillation with a rapid ventricular response (irreg-
ular ventricular rates). Vaughan Williams Class IC
antiarrhythmia agents may enhance rhythm vari-
ability, which then prevents the device from meet-
ing the programmed stability criteria and produce
a critical delay in VT detection. The likely mecha-
nism for this phenomenon is alteration of myocar-
dial refractoriness and conduction velocity by the
drug which can change the directionality of the ex-
citation wavefront within the reentry circuit and
enhance variability.5” To avoid under detection of
ventricular arrhythmias in patients treated with an
antiarrhythmic drugs, the stability criterion was
programmed with the onset and sustained rate du-
ration features as well, and the stability criterion is
not programmed “On” for rapid VTs or poorly tol-
erated arrhythmias where a significant delay in de-
tection could have adverse clinical consequences.
For these reasons the authors suggest that careful
testing of device function should be performed in
patients treated with an antiarrhythmic agent be-
fore discharge or with a change in device detection
criteria.®”

Selection of Specific Antiarrhythmic Drug

Although the basic electrophysiological ef-
fects of each of the clinically approved antiarrhyth-
mic drugs are well known, the selection of which
agent to use for the treatment of ventricular ar-
rhythmias still remains largely empiric. Any of
the approved antiarrhythmic agents can be used
to suppress and treat ventricular arrhythmias, and
with the exception of the class IB agents, they
can all effectively suppress frequent supra-VTs.
The studies quoted in this article support the
use of sotalol, dofetilide, or amiodarone in pa-
tients with a prior ICD. The potential adverse
side-effects associated with antiarrhythmic ther-
apy, including bradycardia or torsades de pointes,
are less of a concern in patients with an ICD
which has backup pacing and shocking capabili-
ties. In addition, the availability of a backup device
therapy permits the use of low dose antiarrhyth-
mic therapy to minimize dose dependent side-
effects.

Among the individual antiarrhythmic agents,
the authors noted a dramatic decrease in the use
of class I antiarrhythmic agents over the past
10 years, while the proportion of patients treated
with a class III agent has steadily increased over
the past decade. Amiodarone is currently the

PACE, Vol. 27

most common antiarrhythmic drug therapy used
in combination with an ICD. The popularity of
amiodarone use in this patient population is likely
due to its overall efficacy for atrial and ventricu-
lar arrhythmias, its ease of use (once a day dos-
ing) its low proarrhythmic risk, and its lack of
adverse hemodynamic effects in patients with
structural heart disease. At the present time, nearly
two thirds of the patients at the authors’ institute
who are undergoing combination device-based
and pharmacologic therapies are being treated
with amiodarone (Fig. 6). As noted before, amio-
darone was also the most common agent selected
for treating patients enrolled in the AVID trial. Im-
portantly, it is not clear whether the present trend
towards a decrease in class I antiarrhythmic agent
use in patients with an existing ICD has implica-
tions related to efficacy or whether it merely re-
flects the overall practice of avoid these agents
in patients with structural heart disease. Because
the class I agents have potentially beneficial an-
tiarrhythmic effects, it is important that the ef-
ficacy and tolerance of these drugs be evaluated
more systematically in patients with an ICD be-
fore they are automatically relegated to the bot-
tom rung of the drug selection ladder. The use
of class I antiarrhythmic agents may be an espe-
cially important consideration in younger patients
with an ICD where end-organ toxicity associated
with long-term amiodarone therapy is a significant
concern.

B Class | Agents E Sotalol 0 Amiodarone

16%

18%

66%

Figure 6. Antiarrhythmic agents used to treat patients
with an ICD at the University of Pennsylvania Health
System in the year 2000. Of the 306 patients with an ICD
that was followed at the center during the year 2000, 112
(37%) were also treated with an antiarrhythmic agent.
Of the patients treated with an ICD and an antiarrhyth-
mic agent, about two of three were receiving the drug
amiodarone. ICD = implantable cardioverter defibril-
lator.
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Maintaining Efficacy and Safety of Device-Based
Therapy in Combination with Pharmacologic
Therapy

To minimize the adverse consequences of an-
tiarrhythmic drug therapy in patients with an ICD,
a systematic approach to the initiation of such
therapy is imperative.®®->? Potential adverse side-
effects on baseline sinus rate, AV nodal conduc-
tion, supra-VT rate and rhythm, VT rate, and
elevations in the pacing and DFT should be antic-
ipated and rigorously assessed in all patients. For
this reason, with institution of a new antiarrhyth-
mic agent or change in drug regimen, the authors
strongly recommend detailed noninvasive electro-
physiological testing. The testing should include
documentation of the pacing thresholds, the de-
vice’s efficacy for defibrillation with an adequate
safety margin and its ability to treat VT with over-
drive pacing and cardioversion. The authors feel
that careful programming of the device based on
the documented and anticipated effects of antiar-
rhythmic drug therapy should become the stan-
dard of care for all patients.

Summary

Device-based therapy has become the treat-
ment of choice in the majority of patients for
primary and secondary prevention of lethal ven-
tricular arrhythmias with continually expanding
indications for their use.> However, despite the
high efficacy of device-based therapy, many pa-
tients with an ICD will still require adjuvant phar-
macologic therapy for optimal management of
their arrhythmias. To date, only a few randomized
studies have evaluated the effects of antiarrhyth-
mic agents for optimizing ICD therapy. While so-
talol has been shown to effectively reduce the fre-
quency of ICD shocks, many of the patients who
require concomitant antiarrhythmic drug therapy
to prevent ICD shocks have poor ventricular func-
tion and low cardiac output and cannot tolerate
the hemodynamic effects of sotalol.?” A prelimi-
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