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Abstract Cardiac implantable electronic device (CIED)
therapy is an essential element in treating cardiac
arrhythmias. Despite their benefits, conventional
transvenous CIEDs are associated with a significant
risk of mainly pocket- and lead-related complications.
To overcome these complications, extravascular de-
vices (EVDs), such as the subcutaneous implantable
cardioverter-defibrillator and intracardiac leadless
pacemaker, have been developed. In the near future,
several other innovative EVDs will become available.
However, it is difficult to evaluate EVDs in large stud-
ies because of high costs, lack of long-term follow-
up, imprecise data or selected patient populations. To
improve evaluation of these technologies, real-world,
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large-scale, long-term data are of utmost importance.
A Dutch registry-based study seems to be a unique
possibility for this goal due to early involvement of
Dutch hospitals in novel CIEDs and an existing quality
control infrastructure, the Netherlands Heart Regis-
tration (NHR). Therefore, we will soon start the Ne-
therlands—ExtraVascular Device Registry (NL-EVDR),
a Dutch nationwide registry with long-term follow-up
of EVDs. The NL-EVDR will be incorporated in NHR’s
device registry. Additional EVD-specific variables will
be collected both retrospectively and prospectively.
Hence, combining Dutch EVD data will provide highly
relevant information on safety and efficacy. As a first
step, a pilot project has started in selected centres in
October 2022 to optimise data collection.
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Cardiac implantable electronic device (CIED) ther-
apy is an essential element of the contemporary
treatment of cardiac arrhythmias [1, 2]. For many
decades, all CIEDs consisted of a pulse generator
placed in a subcutaneous/subpectoral pocket and
a transvenous lead, which passed through the sub-
clavian or cephalic vein to the endocardium. These
so-called transvenous CIEDs are associated with sub-
stantial morbidity andmortality due to complications,
such as pneumothorax and lead dysfunction, which
are mainly attributable to the transvenous lead, and
subsequent re-interventions [3, 4].

The era of extravascular devices

To prevent lead-related complications, extravascular
devices (EVD) have been developed over the past

NL-EVDR: Netherlands—ExtraVascular Device Registry 181

https://doi.org/10.1007/s12471-023-01768-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s12471-023-01768-1&domain=pdf
http://orcid.org/0000-0001-8637-2099


Point of View

15 years, such as the subcutaneous implantable car-
dioverter-defibrillator (S-ICD) and intracardiac lead-
less pacemaker (LP) [5–8]. To compare these new
technologies with conventional transvenous CIEDs,
a randomised controlled trial (RCT) is the preferred
study design, but only few RCTs have been per-
formed (PRAETORIAN, ATLAS [5, 9]). This type
of study is often not feasible because of the large
number of patients needed for sufficient power and
the related costs and study duration. Observational
(post-approval) registries can also provide valuable
information but carry important limitations, such as
low numbers of included patients, low precision of
larger datasets with limited variables (e.g. insurance
datasets) and the fact that they mostly contain acute
data and lack long-term follow-up data. Additionally,
industry-initiated studies often include a selected,
healthier patient population than the everyday clin-
ical practice population. To provide an enhanced
evaluation of these technologies, real-world, large-
scale, long-term data are of utmost importance.

Currently, we are still at an early stage of the
EVD era. The most extensively studied EVDs are the
S-ICD and LP. The S-ICD consists of a subcutaneous/
intermuscular pulse generator and a subcutaneous
lead with a shock coil parallel to left of the sternum.
Safety and efficacy at up to 5 years follow-up have
been demonstrated in large registries [10, 11]. In
a previous RCT, the S-ICD was proven non-inferior to
the transvenous ICD with respect to all device-related
complications over more than 4 years of follow-up,
with fewer lead-related complications and systemic
infections [5, 12]. The LP is a miniaturised pacemaker
implanted via the femoral (or jugular) vein that is
fully contained within in the heart. Currently, only
a right ventricular LP is commercially available, which
was proven safe and effective during up to 2 years of
follow-up [13].

Other EVDs that have been developed and are cur-
rently being studied clinically are: extravascular ICD

Fig. 1 Overview of data
collection in the Nether-
lands—ExtraVascular De-
vice Registry. Collected
data consist of currently
mandatory information
(grey) and additional, ex-
travascular device (EVD)-
specific information (yellow)

(EV-ICD), an ICD with a substernal epicardial lead;
modular cardiac rhythm management (mCRM) sys-
tem, consisting of an S-ICD and LP that can wirelessly
communicate to provide anti-tachycardia pacing; and
dual-chamber LP, consisting of right atrial and right
ventricular LPs that communicate wirelessly. Only
preclinical or short-term data on these devices are
available [14–16]. At this rate of development, many
new EVDs will be available for clinical studies in the
next decade. To be able to inform about long-term re-
sults and place these new EVDs in the current device
armamentarium, a vendor-neutral, long-term registry
of EVDs is required.

Dutch national EVD registry

We hereby present the start of a nationwide registry
with long-term follow-up: the Netherlands—ExtraVas-
cular Device Registry (NL-EVDR). Being the Dutch na-
tional EVD registry, the NL-EVDR can meet all above-
mentioned requirements for a sustainable source of
reliable information on the safety and efficacy of these
new technologies. The NL-EVDR will be incorporated
in the Netherlands Heart Registration (NHR), a quality
and registration organisation that collects information
about all cardiac procedures and short-term follow-
up (up to 90 days) in the Netherlands as a means of
quality control. Physicians who are mandated by their
hospital to instruct the NHR to process their data are
united in registration committees. The NHR Device
Registration Committee has determined a standard
set of variables and manages these data about CIEDs.
The Netherlands Society of Cardiology (NVVC) has de-
fined which elements are mandatory as part of their
quality policy.

The NL-EVDR will be organised as an add-on to the
device registry, with additional EVD-specific informa-
tion and long-term follow-up. As there already is an
infrastructure for data collection with a high degree of
completeness of the data, the registry will adequately
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represent a real-world cohort. Furthermore, informa-
tion about 3100 EVDs is currently available. This em-
phasises the popularity of EVDs in the Netherlands,
and possibly, additional information about these de-
vices can be collected retrospectively. Dutch hospitals
have been involved in many of the early EVD studies,
and presently, clinical studies with the mCRM system
and dual-chamber LP are led by a Dutch hospital [14,
17–20]. Hence, combining Dutch data on EVDs will
provide a unique opportunity to describe long-term
safety and efficacy.

The collected variables in the NL-EVDRwill encom-
pass the already existing variable set, which has been
defined as mandatory by the NVVC, as well as addi-
tional information (Fig. 1). The mandatory variables
currently collected include patient and intervention
characteristics and outcomes up to 90 days after im-
plantation. When a patient receives a second device,
the indication for this device is also noted. The ad-
ditional EVD variables will be extra EVD-specific vari-
ables at implantation and information regarding com-
plications and device performance at yearly follow-up
visits. Moreover, EVD-specific complications will be
added. In case of mortality, it will be noted whether
the death was device-related.

The aim is to collect data both retrospectively and
prospectively. Retrospective data will be obtained
using a data collection sheet in collaboration with
hospital data managers, while prospective data will
be collected simultaneously with the already existing
variable set. Eventually, this could be embedded in
the NHR online environment (‘MijnNHR’). However,
first, a pilot project will be conducted to evaluate the
quality of the retrospective data collected in selected
centres, ameliorate the prospective data collection
process and evaluate the feasibility of additional data
collection. If deemed feasible, data collection will
be expanded to all Dutch PM/ICD centres. The pilot
project has started in October 2022.

Conflict of interest F.V.Y. Tjong has received consulting hon-
oraria from Boston Scientific and St. Jude Medical/Abbott;
L.V.A. Boersma has received consulting honoraria, paid to
his institution, from Medtronic, Boston Scientific, Abbott,
Philips and Acutus and serves on a steering committee for
the EMPOWER and EV-ICD trials; S.C. Yap has received insti-
tutional researchgrantsandhonoraria fromBostonScientific,
Medtronic and Biotronik; A.H.Maass has received consulting
honoraria, paid to his institution, fromBoston Scientific; and
R.E. Knops has received consulting honoraria from Abbott,
Boston Scientific, Medtronic and Cairdac and has stock op-
tions fromAtaCor Medical Inc. K.T.N. Breeman, L. van Erven,
M.D. van der Stoel and V.F. van Dijk declare that they have
no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article

are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Glikson M, Nielsen JC, Kronborg MB, et al. 2021 ESC
Guidelines on cardiac pacing and cardiac resynchroniza-
tiontherapy. EurHeartJ.2021;42:3427–520.

2. Priori SG, Blomström-Lundqvist C,Mazzanti A, et al. 2015
ESC Guidelines for the management of patients with ven-
tricular arrhythmias and the prevention of sudden cardiac
death: The Task Force for the Management of Patients
with Ventricular Arrhythmias and the Prevention of Sud-
den Cardiac Death of the European Society of Cardiol-
ogy (ESC)Endorsed by: Association for European Paedi-
atric and Congenital Cardiology (AEPC). Eur Heart J.
2015;36:2793–867.

3. Udo EO, Zuithoff NP, van Hemel NM, et al. Incidence and
predictors of short- and long-term complications in pace-
maker therapy: the FOLLOWPACE study. Heart Rhythm.
2012;9:728–35.

4. Kirkfeldt RE, Johansen JB, Nohr EA, Jørgensen OD,
Nielsen JC. Complications after cardiac implantable
electronic device implantations: an analysis of a com-
plete, nationwide cohort in Denmark. Eur Heart J.
2014;35:1186–94.

5. Knops RE, Olde Nordkamp LRA, Delnoy P-PHM, et al.
Subcutaneousor transvenousDefibrillator therapy. NEngl
JMed. 2020;383:526–36.

6. Reynolds D, Duray GZ, Omar R, et al. A leadless in-
tracardiac transcatheter pacing system. N Engl J Med.
2016;374:533–41.

7. Reddy VY, Exner DV, Cantillon DJ, et al. Percutaneous im-
plantation of an entirely Intracardiac leadless pacemaker.
NEngl JMed. 2015;373:1125–35.

8. Boersma LV, El-Chami M, Steinwender C, et al. Practical
considerations, indications, and future perspectives for
leadless and extravascular cardiac implantable electronic
devices: a position paper by EHRA/HRS/LAHRS/APHRS.
Europace. 2022;24:1691–708.

9. Healey JS,KrahnAD,Bashir J, etal. Perioperativesafetyand
early patient and device outcomes among subcutaneous
versus transvenous Implantable cardioverter defibrillator
implantations: arandomized,multicenter trial. AnnIntern
Med. 2022;175:1658–65.

10. Boersma L, Barr C, Knops R, et al. Implant and midterm
outcomes of the subcutaneous Implantable cardioverter-
dDefibrillator registry: the EFFORTLESS study. J Am Coll
Cardiol. 2017;70:830–41.

11. Gold MR, Lambiase PD, El-Chami MF, et al. Primary
results from the understanding outcomes with the S-ICD
in primary prevention patients with low ejection fraction
(UNTOUCHED)trial. Circulation. 2021;143:7–17.

12. KnopsRE,PepplinkhuizenS,DelnoyP, etal.Device-related
complications in the subcutaneous and transvenous ICD:
a secondary analysis of the PRAETORIANtrial. EurHeart J.
2022;43(202214):4872–83.

13. El-Chami MF, Bockstedt L, Longacre C, et al. Leadless
vs. transvenous single-chamber ventricular pacing in
the Micra CED study: 2-year follow-up. Eur Heart J.
2022;43:1207–15.

NL-EVDR: Netherlands—ExtraVascular Device Registry 183

http://creativecommons.org/licenses/by/4.0/


Point of View

14. Friedman P, Murgatroyd F, Boersma LVA, et al. Efficacy
and safety of an extravascular Implantable cardioverter-
defibrillator. NEngl JMed. 2022;387:1292–302.

15. RashtianM,BankerRS,Neuzil P, etal. Preclinical safetyand
electrical performance of novel atrial leadless pacemaker
withdual-helixfixation.HeartRhythm. 2022;19:776–81.

16. Breeman KTN, Swackhamer B, Brisben AJ, et al. Long-
termperformanceofanovelcommunicatingantitachycar-
diapacing–enabled leadlesspacemakerandsubcutaneous
implantable cardioverter-defibrillator system: A compre-
hensivepreclinicalstudy.HeartRhythm. 2022;19:837–46.

17. BardyGH, SmithWM,HoodMA, et al. Anentirely subcuta-
neous implantablecardioverter-defibrillator. NEngl JMed.
2010;363:36–44.

18. Reddy VY, Knops RE, Sperzel J, et al. Permanent leadless
cardiac pacing: results of the LEADLESS trial. Circulation.
2014;129:1466–71.

19. Lambiase PD, Barr C, Theuns DA, et al. Worldwide experi-
encewith a totally subcutaneous implantabledefibrillator:
early results from the EFFORTLESS S-ICD Registry. Eur
HeartJ.2014;35:1657–65.

20. Ritter P,DurayGZ, Steinwender C, et al. Early performance
of a miniaturized leadless cardiac pacemaker: the Micra
TranscatheterPacingStudy. EurHeartJ.2015;36:2510–9.

184 NL-EVDR: Netherlands—ExtraVascular Device Registry


	NL-EVDR: Netherlands—ExtraVascular Device Registry
	Abstract
	The era of extravascular devices
	Dutch national EVD registry
	References


