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One size fits all, or do we have to rethink optimal
programming in implantable cardioverter-
defibrillators implanted for secondary prevention?
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There is no doubt that the implantable cardioverter-
defibrillator (ICD) has revolutionized the treatment of pa-
tients at risk for sudden cardiac death due to ventricular
tachyarrhythmias. Over the last almost 4 decades, remarkable
technological advances have made ICDs easier and safer to
implant and widely accepted by patients and physicians.
The delivery of ICD therapy for treatment of life-
threatening arrhythmias is highly effective; however, the
challenges of preventing unnecessary shocks remain to this
day. In addition to anxiety, depression, posttraumatic stress
disorder, and phantom shock, both inappropriate and appro-
priate shocks are associated with increased mortality.1–3 ICD
shocks have been shown to cause myocardial injury and are
potentially proarrhythmic.4 In both secondary prevention
(AVID [Antiarrhythmics Versus Implantable Defibrilla-
tors]5) and primary prevention (SCD-HeFT [Sudden Cardiac
Death in Heart Failure Trial],6 MADIT II [Multicenter Auto-
matic Defibrillator Implantation Trial II]7) studies, the receipt
of ICD therapies was associated with a 3- to 5-fold higher risk
of death that was temporally related to the receipt of these
ICD therapies.

Contemporary device programming, including delayed
detection and use of discriminator functions, is associated
with lower risks of inappropriate shocks.3 However, the
group of patients who are receiving ICD for secondary pre-
vention still poses a challenge. In these patients, ventricular
tachycardia (VT) episodes have longer cycle lengths
compared with cycle lengths of VT in patients receiving an
ICD for primary prevention.8

This results in greater overlap of cycle lengths between
supraventricular tachycardia and VT and make appropriate
programming a challenge. In addition, patients who have
received an ICD for secondary prevention have 3-fold higher
rates of recurrent ventricular arrhythmias triggering appro-
priate ICD intervention than recipients of primary prevention
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ICDs.9 Ideally, successful programming should reconcile this
difficulty and result in appropriate treatment of ventricular
arrhythmias while avoiding shocks for supraventricular
arrhythmias.

Unfortunately, published data on optimal ICD program-
ming for secondary prevention patients are limited. In the
EMPIRIC (Comparison of Empiric to Physician-Tailored
Programming of Implantable Cardioverter-Defibrillators)
study, 53% of patients (n 5 480) received a defibrillator
for secondary prevention and were randomized to a
physician-tailored or an empiric approach with the goal of
reducing unnecessary shocks. Although the study did
demonstrate that antitachycardia pacing (ATP) was highly
effective and that few adverse events were related to un-
treated slow VT, the therapy reduction programming was
not aggressive, and it does not match contemporary program-
ming.10 In the ADVANCE III (Avoid DeliVering TherApies
for Non-sustained Arrhythmias in ICD PatiEnts III) study,
25% of the patients received an ICD for secondary preven-
tion, but this study limited its results to the benefit of
increasing the number of intervals needed to detect the
arrhythmia to 30 of 40 beats in a zone of relatively slower
ventricular arrhythmia (,188 bpm).11 The 1500-patient
MADIT-RIT (Multicenter Automatic Defibrillator Implanta-
tion Trial–Reduce Inappropriate Therapy) study did not
enroll patients with secondary prevention ICD but demon-
strated a significantly lower delivery of inappropriate therapy
as well as a reduction in mortality by using either high-rate
cutoff for detection (200 bpm) or delayed detection duration
with ATP/shocks varied by rate.12

In this issue of Heart Rhythm O2, Aktas et al13 add to the
missing gap in our knowledge on how to appropriately pro-
gram the ICD in patients who initially received the device
for primary prevention but then experienced VT by perform-
ing a subanalysis of the MADIT-RIT trial. Strictly speaking,
the patients studied cannot be classified as patients receiving
an ICD for secondary prevention. In addition, in this group of
patients one would expect the initial episodes of ventricular
arrhythmias to have faster heart rates than in patients who
received an ICD for secondary prevention. At the discretion
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of their treating physician, patients were either maintained in
their originally assigned treatment arm or reassigned to Arm
A (conventional: VT �170 bpm), Arm B (high rate: VT
�200 bpm), or Arm C (duration delay: .60-second delay
before therapy�170 bpm). Among 205 patients who experi-
enced a first occurrence of VT, at 15-month follow up, multi-
variate analysis showed that patients programmed to Arm B/
C had a 71% (P5 .02) reduction in the risk of inappropriate
ICD therapies and a 43% (P5 .02) reduction in risk of appro-
priate ICD therapies compared to Arm A. No firm conclusion
can be drawn about an associated reduction in either mortal-
ity or cardiovascular events given the small number of
patients.

However, these results are encouraging. Reduction of
inappropriate therapies has already been shown with this
approach.12 We also know that most episodes of sustained
VT will terminate spontaneously.14 It does seem that assign-
ing patients to Arm B/C results in less appropriate ATP and
shock incidence because of this phenomenon. Interestingly,
programming changes were made in only 15% of the patients
(n 5 30) after they experienced a VT episode. The small
number of patients in whom programming changes were
made and the nonrandomized nature of the study prevent
us from drawing strong conclusions. Only 5 of these 30 pa-
tients were changed to a different group, with 4 migrating
to Arm A from Arm B/C and only 1 patient transferring to
Arm B/C from Arm A. In the end, 57% of the patients
were programmed to Arm A settings and 43% to Arm B/C
settings. Without the granular patient detail, we are not sure
what prompted the programming changes, whether underde-
tection was due to slower VT rates, or whether hemodynamic
instability occurred. Also unclear is why most of the patients
were left in Arm A, but it is assumed that the detection/ther-
apy delivered was believed to be appropriate.

Either way, it does seem that the patients programmed
to Arm B/C derived benefit irrespective of cycle length
and hemodynamic status. This is another strong signal
that shows lack of adverse effects and safety when pro-
gramming the ICD with delayed or high-rate detection.
Although patients programmed to high-rate cutoff (Arm
B) and delayed detection (Arm C) were considered
together in this substudy, when considered separately
both groups demonstrated a reduction in appropriate and
inappropriate ICD therapies. Should we then blindly pro-
gram to Arm B/C detection criteria our patients who
have received ICD for secondary prevention? Recent
guidelines recommend programming the ICD in patients
with known ventricular arrhythmia to a rate detection
10–20 beats below the tachycardia rate.15 We agree, one
should be more specific and pay attention to the clinical
characteristics of the tachycardia, program the ICD to miti-
gate potential hemodynamic detriment, and of course
consider what this article adds to our knowledge that
long detection intervals and/or a high-rate cutoff are safe
in these patients.
References
1. Sears SF, Todaro JF, Lewis TS, Sotile W, Conti JB. Examining the psychosocial

impact of implantable cardioverter defibrillators: a literature review. Clin Cardiol
1999;22:481–489.

2. Kraaier K, Starrenburg AH, Verheggen RM, van der Palen J, Scholten MF. Inci-
dence and predictors of phantom shocks in implantable cardioverter defibrillator
recipients. Neth Heart J 2013;21:191–195.

3. Tan VH, Wilton SB, Kuriachan V, Sumner GL, Exner DV. Impact of program-
ming strategies aimed at reducing nonessential implantable cardioverter defibril-
lator therapies on mortality: a systematic review and meta-analysis. Circ
Arrhythm Electrophysiol 2014;7:164–170.

4. Pinski SL, Fahy GJ. The proarrhythmic potential of implantable cardioverter-de-
fibrillators. Circulation 1995;92:1651–1664.

5. Klein RC, Raitt MH, Wilkoff BL, et al. AVID Investigators. Analysis of implant-
able cardioverter defibrillator therapy in the Antiarrhythmics Versus Implantable
Defibrillators (AVID) Trial. J Cardiovasc Electrophysiol 2003;14:940–948.

6. Bardy GH, Lee KL, Mark DB, et al. Sudden Cardiac Death in Heart Failure Trial
Investigators. Amiodarone or an implantable cardioverter-defibrillator for
congestive heart failure. N Engl J Med 2005;352:225–237.

7. Moss AJ, Zareba W, Hall WJ, et al. Multicenter Automatic Defibrillator Implan-
tation Trial II Investigators. Prophylactic implantation of a defibrillator in patients
with myocardial infarction and reduced ejection fraction. N Engl J Med 2002;
346:877–883.

8. Wilkoff BL, Hess M, Young J, Abraham WT. Differences in tachyarrhythmia
detection and implantable cardioverter defibrillator therapy by primary or second-
ary prevention indication in cardiac resynchronization therapy patients. J Cardi-
ovasc Electrophysiol 2004;15:1002–1009.

9. Sabbag A, Suleiman M, Laish-Farkash A, et al. Israeli Working Group of Pacing
and Electrophysiology. Contemporary rates of appropriate shock therapy in pa-
tients who receive implantable device therapy in a real-world setting: from the Is-
raeli ICD Registry. Heart Rhythm 2015;12:2426–2433.

10. Wilkoff BL, Ousdigian KT, Sterns LD, et al. EMPIRIC Trial Investigators. A
comparison of empiric to physician-tailored programming of implantable
cardioverter-defibrillators: results from the prospective randomized multicenter
EMPIRIC trial. J Am Coll Cardiol 2006;48:330–339.

11. Gasparini M, Lunati MG, Proclemer A, et al. Long detection programming in
single-chamber defibrillators reduces unnecessary therapies and mortality: the
ADVANCE III Trial. JACC Clin Electrophysiol 2017;3:1275–1282.

12. Moss AJ, Schuger C, Beck CA, et al. MADIT-RIT Trial Investigators. Reduction
in inappropriate therapy and mortality through ICD programming. N Engl J Med
2012;367:2275–2283.

13. Aktas MK, Bennett AL, Younis A, et al. Implantable cardioverter-defibrillator
programming after first occurrence of ventricular tachycardia in the Multicenter
Automatic Defibrillator Implantation Trial–Reduce Inappropriate Therapy
(MADIT-RIT). Heart Rhythm O2 2020;1:77–82.

14. Kutyifa V, Moss AJ, Klein H, et al. Use of the wearable cardioverter defibrillator
in high-risk cardiac patients: data from the Prospective Registry of Patients Using
theWearable Cardioverter Defibrillator (WEARIT-II Registry). Circulation 2015;
132:1613–1619.

15. Stiles MK, Fauchier L, Morillo CA, Wilkoff BL. 2019 HRS/EHRA/APHRS/
LAHRS focused update to 2015 expert consensus statement on optimal implant-
able cardioverter-defibrillator programming and testing. Heart Rhythm 2020;
17:e220–e228.

http://refhub.elsevier.com/S2666-5018(20)30040-4/sref1
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref1
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref1
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref2
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref2
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref2
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref3
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref3
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref3
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref3
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref4
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref4
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref5
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref5
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref5
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref6
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref6
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref6
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref7
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref7
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref7
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref7
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref8
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref8
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref8
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref8
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref9
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref9
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref9
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref9
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref10
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref10
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref10
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref10
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref11
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref11
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref11
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref12
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref12
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref12
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref13
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref13
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref13
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref13
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref13
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref14
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref14
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref14
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref14
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref15
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref15
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref15
http://refhub.elsevier.com/S2666-5018(20)30040-4/sref15

	One size fits all, or do we have to rethink optimal programming in implantable cardioverter-defibrillators implanted for se ...
	References


