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A bs tr ac t

Background
Implantable cardioverter–defibrillators (ICDs) prevent sudden death from cardiac caus-
es in selected patients but require the use of transvenous lead systems. To eliminate the 
need for venous access, we designed and tested an entirely subcutaneous ICD system.

Methods
First, we conducted two short-term clinical trials to identify a suitable device con-
figuration and assess energy requirements. We evaluated four subcutaneous ICD 
configurations in 78 patients who were candidates for ICD implantation and subse-
quently tested the best configuration in 49 additional patients to determine the sub-
cutaneous defibrillation thresh old in comparison with that of the standard trans-
venous ICD. Then we evaluated the long-term use of subcutaneous ICDs in a pilot 
study, involving 6 patients, which was followed by a trial involving 55 patients.

Results
The best device configuration consisted of a parasternal electrode and a left lateral 
thoracic pulse generator. This configuration was as effective as a transvenous ICD for 
terminating induced ventricular fibrillation, albeit with a significantly higher mean 
(±SD) energy requirement (36.6±19.8 J vs. 11.1±8.5 J). Among patients who received a 
permanent subcutaneous ICD, ventricular fibrillation was successfully detected in 
100% of 137 induced episodes. Induced ventricular fibrillation was converted twice in 
58 of 59 patients (98%) with the delivery of 65-J shocks in two consecutive tests. 
Clinically significant adverse events included two pocket infections and four lead revi-
sions. After a mean of 10±1 months, the device had successfully detected and treated 
all 12 episodes of spontaneous, sustained ventricular tachyarrhythmia.

Conclusions
In small, nonrandomized studies, an entirely subcutaneous ICD consistently detected 
and converted ventricular fibrillation induced during electrophysiological testing. 
The device also successfully detected and treated all 12 episodes of spontaneous, 
sustained ventricular tachyarrhythmia. (ClinicalTrials.gov numbers, NCT00399217 
and NCT00853645.)

The New England Journal of Medicine 
Downloaded from nejm.org on September 16, 2014. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



Screening
Pre-op screening:
lying down, and seated, 5-10-20 mm/mV
different positions of the device (high, low)
Rest and effort



Automated Screening



Safety and Efficacy

* Burke MC et al. JACC 2015
1 Cha YM et al. Heart Rhythm 2013;10:702–708 
2 Swerdlow CD et al. PACE 2007; 30:675–700 
3 Kutyifa V, et al. J Cardiovasc Electrophysiol 2013;24:1246-52
4 Gold MR et al. Circulation 2002;105:2043-2048



Safety and Efficacy
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Complications in studies
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Complications



SMART Settings Screen

Patient Name



the distribution of all programming at implant. Three hundred sixty-
two patients (84%) were programmed with a shock zone of
≥220 b.p.m. Similar proportions of patients were programmed

with primary (50%) and secondary (39%) sensing vectors and very
few were programmed with the alternative sensing vector (10%).
Almost all the patients (94%) were programmed with gain set at
1×. As previously stated, 32 patients (7.0%) received a total of 73 in-
appropriate shocks. Only nine patients (2%) experienced recurrent
inappropriate shocks following initial interventions (reprogramming
and/or exercise test-guided adjustments and one medication
change). Eight of these nine patients experienced recurrent shocks
with the same underlying cause for the initial shock. Two patients
had the device explanted due to the inability to completely mitigate
inappropriate therapy and one patient had the device programmed
OFF. Dual zone programming had a 6.4% inappropriate shock rate
(23/357) while single zone programming had a 12% rate (9/74)
[P ¼ 0.09, (Pearson’s x2 test)]. The former prevented all but one
inappropriate shock for AF/SVT. Supplementary material online,
Appendix S2 shows the programming at the time of inappropriate
shock for each episode.

Time to therapy
Time to therapywas defined as the interval starting 2000 ms after the
last induction artefact and ending at the onset of the shock deflection
on a standard ECGrecording.Owing to the limited availability of data
for retrospective patients, it was only recorded for inductions
performed in prospectively enrolled patients and for spontaneous
episodes where the calculation was made by Cameron Health/
Boston Scientific from the electrogram stored in the device. Owing
to lack of pre-defined criteria for induction testing, time to therapy
was available from 195 inductions across a range of shock values up
to 80J. Overall the mean (+SD) time to therapy was 15.1 (+3.7)
s which is less meaningful considering the range of shock energies.

Figure 3 Proportion of appropriate and inappropriate therapies and their aetiologies (three other unclassified treated episodes are excluded in
the figure as they that could not be classified as either treated or untreated episodes). Numbers in brackets represent number of patients.
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Table 3 Subcutaneous implantable defibrillator
systemand/or implant procedure-related complications
requiring intervention

Complication Number
of events

Patients
n (%)

Erosion or extrusion of implanted electrode
or pulse generator

4 4 (0.9)

Haematoma 1 1 (0.2)

Failure to convert spontaneous VF episode 1 1 (0.2)

Inability to communicate with device 1 1 (0.2)

Inappropriate shock: oversensing 2 2 (0.4)

Incision/superficial infection 2 2 (0.4)

Near syncope/dizziness/shortness of
breath/confusion

1 1 (0.2)

Pleural effusion 1 1 (0.2)

Pneumothorax 1 1 (0.2)

Premature battery depletion 1 1 (0.2)

Shock delivered for non-VT/VF 1 1 (0.2)

System infection 12 11 (2.4)

Suboptimal electrode position/electrode
movement

5 5 (1.1)

Suboptimal pulse generator position 1 1 (0.2)

Suture discomfort 1 1 (0.2)

Total complications (% of 456) 35 29 (6.4)

P.D. Lambiase et al.1662
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Appropriate and 
inappropriate therapies

Poole JE, Circ EP 2013



Complications: 
Inappropriate Therapies

Burke et al. JACC 2015



episode prevented additional shocks. These results confirm
the earlier reported very reliable shock efficacy of the
S-ICD.

The decision to implant an S-ICD was mainly on the
basis of 3 selection criteria: 1) patient preference; 2) after
complications of a transvenous system; and 3) when the
physician deemed S-ICD implantation more appropriate
(e.g., because of a young age of the patient). This explains
the relative younger age of these patients and the high
percentage of patients with inherited diseases at baseline
compared with conventional ICD populations in other
studies (1,3,4). Most (89%) of these patients with inherited
diseases had a prophylactic S-ICD implantation. The mean
ejection fraction of these patients was 56%. This also
accounts for the relatively high mean LVEF in our study
population (41% in general; 38% in the primary prevention
and 50% in the secondary prevention category).

Patients with a primary as well as secondary prevention
had S-ICDs implanted. In the secondary prevention group,
6 patients had a history of mVTs. None of these 6 patients
experienced appropriate shocks. On the other hand, 4 other
patients received appropriate shocks on mVT, of which 1 of
them had 6 successfully converted episodes of mVT. The
latter patient had his S-ICD replaced by a TV-ICD to allow
ATP. The lack of ATP capabilities in the S-ICD may be a
possible limitation of the system, although this remains
debatable. Decreasing the rate of painful ICD shocks for
VT is an accepted reason to program ATP. Inappropriate
intervention for self-terminating rhythms such as nonsus-
tained VT may occur when ATP is used empirically (13).
Several studies have demonstrated that ATP terminates
around 80% of the slow and fast VTs, with acceleration rates
between 1% and 5% (13,14). Remarkably, earlier studies
testing ATP in induced VTs had lower success rates and
higher acceleration rates (15–18). Additionally, the
PAINFREE Rx II (Pacing Fast VT Reduces Shock Ther-
apies II) trial had higher syncopal events in the ATP arm,

perhaps due to acceleration of nonsustained VT by ATP
(13). Moreover, most patients with an out-of-hospital
cardiac arrest have VF (19), where ATP is not indicated.
Nevertheless, patients with frequent therapy refractory sus-
tained mVTs, although small in number, might benefit
from ATP and therefore seem less suitable for the S-ICD.

Inappropriate shocks were observed in 15 patients (13%),
comparable to the rate of inappropriate shocks in TV-ICDs
(20). Six patients experienced inappropriate shocks before
upgrading the software, which specifically aimed to reduce
the inappropriate shock rate. T-wave oversensing was the
main cause of inappropriate shock therapy before and after
the upgrade. The S-ICD has a morphology based sensing
algorithm and depends on a significant difference in the
ratio between R- and T-wave for appropriate sensing.
Before implant, in all patients a T-waveform analysis, to
screen the QRS to T-wave ratio for correct sensing, was
performed. This analysis is performed in supine and stand-
ing position during rest and therefore relatively slow heart
rate. In all patients this analysis was deemed acceptable.
During the automatic setup during implantation the device
selects the best of 3 possible vectors on the basis of this R-
to T-wave ratio and a template is made to store the QRS
morphology and R- to T-wave ratio. Usually this setup is
performed in rest. We noticed, however, that during or
shortly after exercise a different QRS to T-wave ratio
developed in 6 patients causing 8 exercise-related inappro-
priate shocks caused by T-wave oversensing. By choosing a
different sensing vector or making a new template during an
exercise test in these patients, further inappropriate shocks
were prevented. Therefore, it might be recommended to
perform the automatic setup routinely during an exercise
test, when the patient is mobilized again. Also, 1 patient
experienced inappropriate shocks due to double counting
after newly developed right bundle branch block. It would
be useful if the device would be able to create an automatic
template on a daily basis, to prevent shocks for newly
developed intraventricular conduction delay. Further analy-
sis should be done to identify patients with an S-ICD who
are at increased risk for T-wave oversensing.

In total, 14% of the patients experienced ICD-related
complications, similar to the complication rate in trans-
venous ICD trials (1,4). Three patients had lead dislocations
causing inappropriate sensing and shock therapy in 2 of
them. All dislocations were due to caudal migration of 1 to
2 cm of the parasternal part of the lead. An additional
suture sleeve was introduced to fixate the lead at the level
of the xiphoid incision. After the introduction of this suture
sleeve no lead dislocations have occurred. This study there-
fore demonstrates that the introduction of this suture
sleeve at the xiphoid level was successful in preventing
lead dislocations.

Seven patients had an infection that mandated the
removal of the device system. This relatively high infection
rate of 5.9% might partly be due to the fact that part of these
patients were at increased risk for infection: 1 was a diabetic

Figure 1 Comparison of Inappropriate Shock and Complication
Rate Between First and Later S-ICD Implants

Inappropriate shocks and complications occurred more frequently in the first
15 patients per center who were implanted with the subcutaneous implantable
cardioverter-defibrillator (S-ICD) than in subsequent patients (inappropriate
shocks 19% vs. 6.7%; complications 17% vs. 10%).

1937JACC Vol. 60, No. 19, 2012 Olde Nordkamp et al.
November 6, 2012:1933–9 Initial Clinical Experience With the S-ICD

Nordkamp, JACC 2012

Weiss et al  S-ICD System Safety and Effectiveness  949

In the second case, after induction of VF, an external shock 
was delivered after 30 seconds with no shock from the S-ICD 
System. VF induction testing continued, and 5 subsequent 
induced VF episodes were treated by the S-ICD System 
with an average time to therapy of 19.3 seconds. Of note, VF 
conversion by the S-ICD System was unsuccessful, and the 
system was ultimately removed before hospital discharge. 
Analysis of diagnostic log files for the first induced event con-
firmed that the device detected VF and initiated charging at 
9.8 seconds after induction; however, cyclic amplitude varia-
tions of the VF caused undersensing that resulted in the delay 
to deliver therapy.

Infections
There were 18 total suspected or confirmed infections reported 
by principal investigators and adjudicated by the clinical 
events committee. Four infections required device explanta-
tion in the first third of implantations. None of these 4 patients 
who had a device explanted for infection had been previously 
implanted with a transvenous ICD. There were no infections 
requiring explantation in the final two thirds of the patients 
enrolled in the study.

Superficial or incisional infections were managed without 
system explantation in 14 patients (4.4%). Thirteen of the 
superficial/incisional-related infection patients were man-
aged with antibiotics, and 1 patient underwent sternal wound 
revision. The majority of these conservatively treated patients 
with superficial/incisional infections continued with their 
S-ICD Systems through the follow-up period. One patient had 
the S-ICD electively explanted after study exit and against 
medical advice, and 1 patient withdrew consent and elected 
do-not-resuscitate status at the end of life for reasons unre-
lated to the infection.

Inappropriate Shocks
The overall incidence of inappropriate therapy was 13.1% (41 
patients) over the 11-month average follow-up, as detailed 
in Table 4. Supraventricular tachycardia in the high-rate 
zone (no discriminators), in which rate alone determines 
whether a shock is delivered, was the cause in 16 patients 
(5.1%); these inappropriate shocks were representative of 
normal sensing behavior by the S-ICD System at rates above 
the high-rate zone. No patient experienced an inappropriate 

shock in the conditional zone as a result of a discrimination 
error. Oversensing caused inappropriate shocks in 25 patients 
(8.0%); 22 patients experienced oversensing of T waves or, 
more rarely, broad QRS complexes, whereas 3 patients experi-
enced oversensing as a result of external noise while working 
with electric equipment.

The use of a conditional zone (rate plus discriminators) 
was associated with significantly lower risk of inappropriate 
shocks for oversensing (56% relative reduction) and supra-
ventricular tachycardia (70% relative reduction), as detailed 
in Figure 3. Inappropriate shocks were addressed during 
the study after it was noted that the discrimination zone 
was effective at preventing inappropriate shocks, and use of 
dual-zone programming (conditional and high-rate zones) 
was more common in the latter two thirds of implantations 
in the study. Thirty-two of the 41 patients who experienced 
an inappropriate shock were managed noninvasively with 
system reprogramming or medication changes. Resolution 
of inappropriate shocks was associated with an invasive pro-
cedure in 9 patients: 2 devices were explanted because of 
QRS morphology changes that affected detection, 2 devices 
were turned off for reasons unrelated to inappropriate shocks, 
1electrode was repositioned, 1 pulse generator was reposi-
tioned, a MAZE surgery was performed, a radiofrequency 
ablation was performed, and an electrophysiology study was 
performed without ablation.

Time to Therapy
Time to therapy was measured in 839 inductions in which 
sustained VT or VF was induced by the S-ICD System and 
resulted in a 65-J shock being delivered by the S-ICD System 
during acute and chronic testing. Time to therapy was defined 
as the interval starting 2000 milliseconds after the last induc-
tion artifact and ending at the onset of the shock deflection 
on a standard ECG recording. The mean time to therapy for 
all inductions was 14.6±2.9 seconds, with a range of 9.6 to 
29.7 seconds. A time to therapy of >18 seconds was noted 
in 13% of episodes. There were no clinical events reported 

Table 4. Adverse Clinical Events for Inappropriate Shocks by 
Cause

Cause Clinical Events
Patients

(% of 314)

Patients  
Managed  

Noninvasively

SVT above discrimination zone
(normal device function)

21 16 (5.1) 12/16

Inappropriate sensing 30 25 (8.0) 20/25

    Oversensing, cardiac 27 22 (7.0) 17/22

    Oversensing, noncardiac 3 3 (1.0) 3/3

Discrimination errors 0 0 (0.0) N/A

Total 51 41 (13.1) 32/41

N/A indicates not applicable; and SVT, supraventricular tachyarrhythmias.

Figure 3. Relative reduction of inappropriate shocks (for 
supraventricular tachyarrhythmias [SVT] or oversensing) 
associated with programming an arrhythmia discrimination zone 
at discharge.

 at Institut de Cardiologie de Montreal on September 16, 2014http://circ.ahajournals.org/Downloaded from Weiss, Circulation 2013
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Inappropriate Therapies
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INSIGHT™ Algorithm: Architecture

S-ECG signal similar 
to a surface ECG

4 double-detection algorithms 
designed to reduce over-sensing

3 rhythm discriminators 
to confirm therapy

PHASE I:
Detection

PHASE II:  
Certification

PHASE III:  
Therapy
Decision

Subcutaneous 
signal detection

Heart rate 
determined

HR assessed, 
therapy confirmed



INSIGHT™ with SMART Pass 
Technology

The SMART Pass feature activates an additional high-pass filter designed to reduce 
cardiac over-sensing while still maintaining an appropriate sensing margin
SMART Pass is only applied in the sensing path, while the morphology is unchanged

The SMART Pass filtering reduces the amplitude of lower frequency (slower moving) 
signals such as T-waves, by applying an additional High Pass filter (lets higher 
frequencies “pass” through). 
Higher Frequency (faster moving) signals such as R-waves, VT and VF amplitudes 
remain largely unchanged. 

Pre-SMART Pass

Post-SMART Pass

ECG Wide Range 
Filters

Sensing 
Architecture

Rhythm 
Discrimination

ECG Wide Range 
Filters

High-Pass 
Filter

Rhythm 
Discrimination

SQ
-R

X
EM

BL
EM

 S
-IC

D

Sensing 
Architecture



SMART Pass example
SMART Pass OFF SMART Pass ON

*Bench test Data

Difference in sensing when comparing SMART Pass OFF versus ON*
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EMBLEM™ S-ICD System
The EMBLEM™ S-ICD System:  

20% thinner with a 40% increase in projected longevity

20% reduction in device 
profile, resulting in a device 

thinner than the MDT Evera™  
XT ICD1

Improves the  implant 
experience and patient 

comfort

2 year improvement in 
projected longevity with 
Boston Scientific battery 

technology2

Designed to provide 
remote patient 
management

Remote Patient Management 
Enabled3

Decreases the need for 
change-out procedures

1. Medtronic Evera XT manual.  www.medtronic.com/manuals
2. EMBLEM S-ICD Labeling.  
3. Latitude NXT 4.0 is an investigational device and restricted under U.S. Federal law to 

investigational use only. Not available for sale in the U.S. 



EMBLEM MRI S-ICD System: 
3rd Generation Technology

ImageReady™ technology
Full Body, 1.5T 

MR-conditional System*21,22

Backwards Compatible 
with EMBLEM S-ICD System

Advanced INSIGHT™ with 
SMART Pass technology
Effective AF/SVT discrimination23

and further reduction in 
Inappropriate Shocks

due to cardiac over-sensing21

Backwards Compatible
with EMBLEM S-ICD System

* When conditions of use are met

AF Monitor™
Designed to assist in the 
detection of silent, new 

onset or the progression of AF21



2-incision technique

Knops RE, HR 2013



Sub-muscular technique

MIGLIORE F, PACE 2017



• Not anymore on general anesthesia
• Conscious sedation
• Local anesthesia and intercostal block

• PAS: 64.1% GA, 35.8% conscious sedation, 
0.2% local anesthesia

• Monitored anesthesia care
• Serratus plane block
• Midazolam and nabulphine

Local anesthsia

MR Gold HR 2017

Peyrol M, JICE 2017

Ueshima H, J Clin Anesth 2016

Essandoh MK, 
J Cardiotho Vasc Anesth 2016



Canadian Guidelines

CCS/CHRS 2016 Implantable Cardioverter-Defibrillator (ICD) Guidelines 
on line on CJC since October 6Th



VF zone with shocks only (Table II). However, device
programming in the PREPARE trial was based on
manufacturer-specific settings of only Medtronic devices
(Minneapolis, MN). Therefore, device programming for
TV-ICDs produced by other manufacturers is selected as
strict as possible to the settings in the PREPARE trial. The
online Appendix B provides recalculations of the
PREPARE programming for all ICD manufacturers.
The implanting physician can deviate from this

recommended device programming, according to his/
her discretion to fit specific patient concerns with the
rationale entered into the study file.

Follow-up
All patients included in this trial are treated according

to the current American College of Cardiology/American

Heart Association/European Society of Cardiology Com-
mittee guidelines for management of patients with
ventricular arrhythmias and the prevention of sudden
cardiac death.16 Data collection includes VT/VF and SVT
episodes, other recorded episodes, device programming,
and adverse events. Additional information about QoL is
obtained and measured by using the standard validated
36-Item Short Form Health Survey questionnaire and the
Duke Activity Status Index.
All patients visit the outpatient clinic at least once

within 2 months after implantation. Thereafter, patients
are evaluated by the outpatient clinic at intervals of
6 months. The median estimated study follow-up is
30 months. Patients are encouraged to contact their
physician for any concerns or for any device therapy
or complications.

Figure 1

PRAETORIAN trial: Flow chart.

756 Olde Nordkamp et al
American Heart Journal

May 2012The PRAETORIAN trial 
Rationale and design of the PRAETORIAN trial:
A Prospective, RAndomizEd comparison of
subcuTaneOus and tRansvenous ImplANtable
cardioverter-defibrillator therapy
Louise R. A. Olde Nordkamp, MD, a,n,o Reinoud E. Knops, MD, a ,n,o Gust H. Bardy, MD, b,n Yuri Blaauw, MD, PhD, c,n

Lucas V. A. Boersma, MD, PhD, d,n Johannes S. Bos, MD, PhD, e,n Peter Paul H. M. Delnoy, MD, PhD, f,n

Pascal F. H. M. van Dessel, MD, PhD, a,n Antoine H. G. Driessen, MD, g,n Joris R. de Groot, MD, PhD, a,n

Jean Paul R. Herrman, MD, PhD, h,n Luc J. L. M. Jordaens, MD, PhD, i,n Kirsten M. Kooiman, CCDS, a,n

Alexander H. Maass, MD, PhD, j,n Mathias Meine, MD, PhD, k,n Yuka Mizusawa, MD, a,n

Sander G. Molhoek, MD, PhD, l,n Jurjen van Opstal, MD, PhD,m,n Jan G. P. Tijssen, PhD, a,n

and Arthur A. M. Wilde, MD, PhD a,n Amsterdam, Maastricht, Nieuwegein, Nijmegen, Zwolle, Rotterdam, Groningen,
Utrecht, Breda, and Enschede, The Netherlands; and Seattle, WA

Background Implantable cardioverter-defibrillators (ICDs) are widely used to prevent fatal outcomes associated with
life-threatening arrhythmic episodes in a variety of cardiac diseases. These ICDs rely on transvenous leads for cardiac sensing
and defibrillation. A new entirely subcutaneous ICD overcomes problems associated with transvenous leads. However, the role
of the subcutaneous ICD as an adjunctive or primary therapy in patients at risk for sudden cardiac death is unclear.

Study Design The PRAETORIAN trial is an investigator-initiated, randomized, controlled, multicenter, prospective 2-
arm trial that outlines the advantages and disadvantages of the subcutaneous ICD. Patients with a class I or IIa indication for
ICD therapy without an indication for bradypacing or tachypacing are included. A total of 700 patients are randomized to
either the subcutaneous or transvenous ICD (1:1). The study is powered to claim noninferiority of the subcutaneous ICD with
respect to the composite primary endpoint of inappropriate shocks and ICD-related complications. After noninferiority is
established, statistical analysis is done for potential superiority. Secondary endpoint comparisons of shock efficacy and patient
mortality are also made.

Conclusion The PRAETORIAN trial is a randomized trial that aims to gain scientific evidence for the use of the subcutaneous
ICD compared with the transvenous ICD in a population of patients with conventional ICD with respect to major ICD-related
adverse events. This trial is registered at ClinicalTrials.gov with trial ID NCT01296022. (Am Heart J 2012;163:753-760.e2.)

Background
The use of implantable cardioverter-defibrillators

(ICDs) is an established therapy for the prevention of
death from ventricular arrhythmias. Since the early 1990s,
ICDs are widely used.1 These ICDs rely on transvenous
leads for sensing of cardiac signals and defibrillation.
Recently, a new subcutaneous ICD (S-ICD) was intro-
duced.2 The S-ICD is unique in that its implantation is
entirely subcutaneous, eliminating the need for lead
placement in or on the heart and simplifying the implant
procedure by using anatomical landmarks instead of
fluoroscopy imaging.
Initial short-term studies, with the S-ICD system,

between 2001 and 2005 were designed to identify the
best electrode configuration from 4 possible alterna-
tives.2 The best configuration was subsequently tested
to determine the S-ICD defibrillation threshold in
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ATLAS trial 
Avoid Transvenous Leads in Appropriate Subjects

• Hypothesis:

Compared to standard, single-chamber transvenous
implantable cardioverter defibrillators (TV-ICDs), the use of 

a sub-cutaneous ICD (S-ICD) will result in fewer 
perioperative and long-term device-related complications, 
and will have a similar rate of failed appropriate clinical 

shocks and arrhythmic death 



• PRAETORIAN 
ü Netherlands
ü 700 patients
ü VVI TV-ICD vs S-ICD 

(1:1)
ü Combined endpoint 

(inappropriate shocks 
chocs and ICD 
complications (non-
inferiotity)

ü Efficacy
ü Mortality

• ATLAS: 
ü Canadian
ü 500 patients
ü VVI TV-ICD vs S-ICD 

(1:1)
ü Peri-op and long-term 

complications 
(superiority)

ü Failure of appropriate 
therapy and rhythmic 
death (non-
inferiority)

ü Specific group in 
population

NordKamp O, Am Heart J 2012;163:753-760.e2
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Futur: No more testing?



Mondésert et al. Heart Rhythm case report 2015



• Leadless + S-ICD with communication 

Futur
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Merci!




