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Evolving use and indications for implantable cardioverter defibrillators
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Since the appreciation of ventricular arrhythmias as
a major cause of sudden cardiac death (SCD), enormous
efforts have been undertaken to provide a curative treat-
ment for this condition. In the 1970s and 1980s, much
was invested to suppress ventricular arrhythmias with an-
tiarrhythmics. This field of therapy came to an abrupt end
when the CAST and SWORD studies were prematurely ter-
minated because of proarrhythmia and increased mortality
in patients treated with Class IC antiarrhythmics and d-so-
talol respectively [1, 2]. Subsequently, large randomised
clinical trials demonstrated that mortality can be reduced
by treating SCD with an implantable cardioverter defibril-
lator (ICD) in patients with a diminished left ventricular
ejection fraction, both in primary and secondary prevention
settings [3, 4]. Hence, although not preventing the cause or
the event of arrhythmia, these devices successfully treat its
lethal consequences. The practice of ICD implantation has
grown since, to approximately 6,000 implantations yearly
in the Netherlands alone. Meanwhile, indications for ICD
implantation have been refined, and modern devices are
equipped with algorithms that may detect clinical deterio-
ration and atrial arrhythmias early or prevent inappropriate
or unnecessary shock therapy. During the same time pe-
riod, automatic defibrillators have increasingly entered the
public space to reduce mortality of out-of-hospital cardiac
arrest.

This issue of the Netherlands Heart Journal focuses on
contemporary cardiac implantable electronic device (CIED)
therapy, and features a number of manuscripts that delin-
eate how both implanted and external device therapy is
being provided to optimise the balance between benefit
and harm. In a series of paediatric and adolescent ICD
recipients (defined as <25 years of age and consisting of
mainly adolescents, with median age of 16.5 and 19.0 years
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and median length of 1.70 and 1.83m respectively), Quast
et al. compare the rate of complications between transve-
nous ICDs (TV-ICDs) and subcutaneous ICDs (S-ICDs)
[5]. This was a retrospective analysis in which, as the au-
thors admit, an era effect was detectable: follow-up duration
was 60 months in 46 TV-ICD patients versus 40 months in
35 S-ICD patients. In other words, in recent years S-ICDs
were implanted more in this patient category. Quast et al.
demonstrate that there were more lead-related complica-
tions (23% versus 0% in the TV-ICD and S-ICD group
respectively, p= 0.02), whereas there was no difference in
infection (2% versus 10%) or the occurrence of appropri-
ate (25% versus 27%) or inappropriate (22% versus 14%)
therapy. Hence, the total number of device-related compli-
cations was similar between the groups, although the nature
of these complications differed.

Atrial fibrillation (AF) increases the risk of stroke, mor-
tality and heart failure, and may complicate ICD therapy
through the triggering of inappropriate shocks. Baalman
et al. describe the design of the forthcoming multicentre
INDICO-AF study, that aims at understanding the epidemi-
ology and pathophysiology of new-onset AF in patients
with coronary artery disease, diminished left ventricular
ejection fraction and a primary prevention indication for
ICD implantation [6]. This study will take advantage of the
incorporation of a novel algorithm in single-chamber ICDs
that detects AF in a similar manner as implantable loop
recorders do, that is, by analysis of the Lorentz plot of R-R
intervals. As currently both the incidence and prevalence of
AF in this patient category is not well described, and mark-
ers for the development of AF are lacking, INDICO-AF
may shed light on which patients may need further vigilance
for AF detection, and refine patient selection for the use of
such algorithms. This is irrespective of whether patients
with device-detected, but not ECG-documented, AF need
immediate anticoagulation based on their CHA2DS2VASc
(congestive heart failure, hypertension, age ≥75 years [dou-
bled], diabetes mellitus, prior stroke [doubled]-vascular dis-
ease, age 65–74, sex category) score, which is subject of
debate and currently being investigated in the randomised
NOAH-AF and Artesia studies [7, 8]; detection of AF in
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patients with an ICD may at least allow measures to be
taken to prevent inappropriate shocks.

Inappropriate shocks in S-ICDs frequently relate to over-
sensing of the T wave, and can be prevented by vector test-
ing during exercise or updates of the detection software [9].
The latter is described by Larbig et al. who investigated 139
S-ICD patients in a single-centre study [10]. They demon-
strate that the incidence of T-wave oversensing was signif-
icantly lower in the newer generation S-ICDs (4.2% versus
15.4%, p< 0.05), and that updates of the detection software
in the older models was associated with a similar reduc-
tion in T-wave oversensing from 13.4% to 4.6% (p= 0.07).
Also here, as in the study of Quast and colleagues, there
may have been an era effect, and increasing experience with
the device over time may have improved patient selection,
and reduced inappropriate shocks.

Not only has there been a tremendous increase in the
practice of implantable defibrillator therapy, but also in the
availability of automated external defibrillators (AEDs) in
the public area. Nas et al. report on a prospective reg-
istry on out-of-hospital cardiac arrest, and compare the
primary outcomes of survival with discharge and return
of spontaneous circulation in this registry (data collected
between 2013 and 2016) with data from historical con-
trols (2008–2011) in the same area. The study population
was restricted to patients transported to the Radboud UMC
in Nijmegen, and arrests witnessed by emergency medi-
cal services were excluded from the analysis. In the study
cohort, bystander cardiopulmonary resuscitation was per-
formed more frequently than in the historical controls (78%
versus 63% respectively, p< 0.001) and AED was used in
a higher proportion of patients (46% versus 23% respec-
tively, p< 0.001). Over time, there was a shift from shocks
delivered by emergency personnel (76% in 2008–2011 ver-
sus 59% in 2013–2016, p< 0.001) toward shocks delivered
by AED (15% in 2008–2011 versus 39% in 2013–2016,
p< 0.001). Despite no difference in proportion of patients
with return of spontaneous circulation, survival was higher
in the study cohort than in the controls. In both the histor-
ical cohort and the study cohort, bystander CPR and AED
use were independently associated with survival after out-
of-hospital cardiac arrest.

Pacemaker implantation as a consequence of atrioven-
tricular block following transcatheter aortic valve implan-
tation is a relatively common complication, particularly
encountered in the earlier valve generations. Gonska and
colleagues investigate whether pacemaker implantation in
this setting is associated with an altered one-year prog-
nosis [11]. Using balloon-expandable ES3, mechanically
expanded Lotus and self-expandable CoreValve devices,
they report a pacemaker implantation rate of 24.4%, which
seems rather high for a contemporary cohort. Although

there were more major bleeding events in patients with
a pacemaker, there was no difference in mortality (12.2%
versus 12.5%, p= 0.94) or major adverse events (24.5%
versus 22.1%, p= 0.55) at one-year follow-up between pa-
tients with and patients without pacemaker implantation.
This was also the case for patients with a left ventricular
ejection fraction lower than 45%.

Until recently, implantation of a pacemaker or ICD im-
plied life-long abstinence frommagnetic resonance imaging
(MRI). However, newer devices are fully or partly compat-
ible with whole-body MRI, although precautions should be
taken. In their point-of-view article, Maass, Hemels and
Allaart detail how MRIs can be safely performed in device-
carrying patients, and discuss precautions to be taken with
respect to pre-imaging programming and trouble-shooting
of unanticipated complications or adverse events [12].

Together, the contributions to this issue of the Nether-
lands Heart Journal present a contemporary overview of
where we are moving with respect to indication, use, and
handling of ICDs and pacemakers.

Funding This work was supported by a VIDI grant from NWO/
ZonMw 016.146.310.

Conflict of interest J.R. de Groot received research grants from Ab-
bott, Atricure, Boston Scientific and Medtronic. J.R. de Groot is con-
sultant for Daiichi Sankyo, Bayer and Atricure.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. CAST Investigators. Preliminary report: effect of encainide and fle-
cainide on mortality in a randomized trial of arrhythmia suppression
after myocardial infarction. New Eng J Med. 1989;321:406–12.

2. Waldo AL, CammAJ. deRuyter H, et al. Effect of d-sotalol on mor-
tality in patients with left ventricular dysfunction after recent and
remote myocardial infarction. Lancet. 1996;348:7–12.

3. Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an implantable
cardioverter-defibrillator for congestive heart failure. New Eng J
Med. 2005;352:225–37.

4. AVID Investigators. A comparison of antiarrhythmic-drug therapy
with implantable defibrillators in patients resuscitated from near-
fatal ventricular arrhythmias. New Eng J Med. 1997;337:1576–83.

5. Quast AFBJ, Brouwer TF, Kooiman KM, et al. Comparison of
complications and shocks in pediatric and young transvenous and
subcutaneous implantable cardioverter-defibrillator patients. Neth
Heart J. 2018; https://doi.org/10.1007/s12471-018-1186-1.

6. Baalman SWE, Allaart, CP, Boersma LVA, et al. Silent Atrial Fib-
rillation in Patients with an ImplaNtable Cardioverter DefIbrillator
and COronary Artery Disease (INDICO AF) trial: Study Rationale
and Design. Neth Heart J 2018; https://doi.org/10.1007/s12471-
018-1185-2.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12471-018-1186-1
https://doi.org/10.1007/s12471-018-1185-2
https://doi.org/10.1007/s12471-018-1185-2


Neth Heart J (2018) 26:581–583 583

7. Kirchhof P, Blank BF, Calvert M, et al. Probing oral anticoagula-
tion in patients with atrial high rate episodes: Rationale and de-
sign of the Non-vitamin K antagonist Oral anticoagulants in pa-
tients with Atrial High rate episodes (NOAH-AFNET 6) trial. Am
Heart J. 2017;190:12–8.

8. Lopes RD, Alings M, Connolly SJ, et al. Rationale and design of
the Apixaban for the Reduction of Thrombo-Embolism in Patients
With Device-Detected Sub-Clinical Atrial Fibrillation (ARTESiA)
trial. Am Heart J. 2017;189:137–45.

9. Kooiman KM, Knops RE, Nordkamp OL, et al. Inappropriate
subcutaneous implantable cardioverter-defibrillator shocks due to
T-wave oversensing can be prevented: implications for manage-
ment. Heart Rhythm. 2014;11:426–34.

10. Larbig R, Motloch LJ, Bettin M, et al. Device-updates success-
fully reduce T-wave oversensing and inappropriate shocks in S-ICD
patients. Neth Heart J. 2018; https://doi.org/10.1007/s12471-018-
1160-y.

11. Gonska B, Wöhrle J, Kessler M, et al. Influence of permanent pace-
maker implantation after TAVI with new generation devices. Neth
Heart J. 2018; https://doi.org/10.1007/s12471-018-1194-1.

12. Maass AH, Hemels MEW, Allaart CP. Magnetic resonance imaging
in patients with cardiac implantable electronic devices. Neth Heart
J. 2018; https://doi.org/10.1007/s12471-018-1192-3.

https://doi.org/10.1007/s12471-018-1160-y
https://doi.org/10.1007/s12471-018-1160-y
https://doi.org/10.1007/s12471-018-1194-1
https://doi.org/10.1007/s12471-018-1192-3

	Evolving use and indications for implantable cardioverter defibrillators
	References


