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Why leadless? Unmet needs in cardiac pacing

Ø Acute complications/ access issues
- Pneumothorax
- Hematoma
- Venous access issues (dialysis, 

congenital heart disease)

Ø Long-term complications
- Lead reliability (fracture, insulation)
- Device pocket (erosion, discomfort)
- Tricuspid regurgitation
- Infection 



Lee JZ et al.Trends in CV Medicine 2019 



X 45%

=

Pacing implantations 
CHU Grenoble Alpes

Ø 1st Implantation : November 19th, 2013   

Ø Total : 63 Nanostim/
165 Micra  /
10  EBR Wyse CRT
7 AVEIR
1/09/2021
Total = 245 implantations

Ø Complications :
- 1 tamponade with Nanostim : 

pericardiocentesis only
- 1 tamponade with Micra : 
sternotomy/ RV apical repair (2016)

<0,4%



N Engl J Med 2016

725 patients

Micra TPS study

51% fewer major complications than traditional
pacemakers in the trial’s historical control



Heart Rhythm 2018;15:1023–1030

Nanostim LCP : 714 pts
TVP : 1436 pts

Kaplan-Meier curve of the complications between LCP and TVP



Reduced complications with Micra VVIR

Piccini JP/ESC 2021

38%lower rate of reinterventions
31% lower rate of chronic complications / transvenous VVI 



Achilleion, Corfu, Greece

Survival free from any PM 
complications 
During a mean FU of 5,8 y

- Pocket-hematoma, 
- infections
- Lead-fracture,
- TV-insufficiency:

Heart Rythm 2012



Complications rate 
of conventional pacemakers 

Europace 2010; 12:103–108

- 567 implantations
- 78 complications in 69 patients (12,2%)



Nanostim Retrieval
Gross Pathology

1188 days 426 days506 days

382 days

220 days

413 days

382 days

Heart Rhythm 2017;14:1756–1763

90.4% success retrieval/implant duration range: 0.2–4.0 years



Europace 2016 ; 18, 1748–1752

14 mini pigs received 2 leadless
1month interval between



No lead, no  pocket

Encapsulation

Small size

Protective covering

Reduced handling

Turbulent flow

Low infection rate with leadless PM : why?



Prix :6300 € TTC depuis le 13 Mars 2019 

Expanded indications for patients with risk factors



Ø Standard : - Afib + bradycardia + preserved LV-function
- SR + low expected pacing rate (e.g. intermittent AV-block)

Ø Suitable : - SR+Afib + cardioinhibitory vasovagal syncope

ØAdvance : - Congenital heart disease (paediatric and adult)

ØPromising : - After previous device infections

Leadless pacemakers – Extended Indications ??



Limitations and new challenges of LCP

ØImplants at limited number of centers
ØStill risk of trauma to heart or vascular system

- Vascular injury due to large introducer sheaths
- Tamponade
- Device embolization

ØNo possibility of remote monitoring

ØHow to handle generator at end of system life
- Long-term retrieval/extractability unknown
- Need for multiple leadless for young patients 



Système WiSE CRT



“Stimulateur bi-ventriculaire sans sondes”



Europace December 14, 2020,

8 patients



Dual chamber leadless pacemaker

Requirements :
Ø Safe atrial implant
- Wall thickness vs fixation mechanism
- Angle of implant/retrieval
- >18 F catheter femoral

Ø Sufficient longevity

Ø Intrabody communication
- Beat to beat communication
- Programmable AV delay
- Minimize V pacing

IMM Montsouris/2015



l Common energy harvester energy source:

Permanent near the heart
Easy transfer through packaging

• Vibrations/inertia 

l Vibrations / inertia energy transducers

• Electrostatic

− Suited for miniaturization
− Precharge needed or electret implementation 

TIMC Grenoble



Conflit sous clavier
avec rupture de sonde

Pneumothorax

Occlusion de la veine 
sous clavière

DAI sous-cutané??
Pourquoi??

Ø Performances des sondes  endocavitaires à long terme 
imparfaites

Ø Complications liées aux sondes sont fréquentes
- Thrombose
- Fracture
- Morbi/mortalité liée à l’extraction/manipulation 

des sondes
- Risque plus élevé chez les patients jeunes

Performances des sondes



Performance des sondes de DAI

Circulation 2008; 117: 2721-2723



Sonde de DAI, implantée il y a 8 ans
Extraction Laser

Sonde DAI 6 ans
Extraction Laser



Perforation



DAI sous cutané
Electrodes de détection 
Distale (D) et Proximale (P)

Coil parasternal de 8 cm (C)

Ø Totalement sous cutané : 
Ø Ne nécessite aucune électrode
« dans ou sur » le cœur
Ø Pas besoin de fluoroscopie



3 differents vectors for sensing : primary (yellow),
secondary (red) and alternative vector (blue)



Technique 2 incisions



7500 S-ICD implantés en France depuis 2012

130 centres actifs

Tendance +150 S-ICD / mois en 2018

2012
2013

2014
2015

2016
2017

2018
2019

2020
2021

5 49 213
678

1497

2597

3877

5800
6653

7519

S-ICD IMPLANTÉS EN FRANCE

20% des 
SR+DR

S-ICD en France



EHJ 2015;  36: 2793–2867



Future Directions

Limitations of the S-ICD :

S-ICD patients may develop a need for:

Ø Pacing support (0.06%-2.4%/year)
Ø ATP for recurrent monomorphic VT 

(0.4%-1.8% /year)

Burke MC .
J Am Coll Cardiol. 2015; 65(16):1605–1615
Poole JE.
Circ Arrhythm Electrophysiol. 2013;6:1236-1245.



Leadless pacing : 
Complementary to S-ICD   (2020??)

Boston Scientific



NEJM 2020;383:526-36 

Ø Noninferiority trial
Ø ICD indication (primary or secondary prevention) with no pacing or CRT indication, 
Ø Randomized (1:1) to receive : 

Subcutaneous ICD
Conventional Transvenous

Ø Superiority analysis prespecified if non-inferiority was established

Ø TV-ICD : single chamber

PRAETORIAN

Transvenous ICD (all manufacturers) 
Monitor VT zone > 167 bpm
VT cutoff rate : as close as 182 bpm, 
VF cutoff rate > 250 bpm
Long detection 

Subcutaneous ICD (Boston J)
Of course, no monitor zone (J, J, J, J, J)
VT (conditional) zone  > 180  bpm
VF (Unconditional) zone > 250 bpm 
Pass algorithm “on” once it became available in April 
2016



• 03/2011 è 01/2017 : 876 patients enrolled in Europe and in the US (39 centers)
Praetorian ICD Results

NEJM 2020;383:526-36 



NEJM 2020;383:526-36 

Iary endpoint : Composite of device-related 
complications + inappropriate shocks 

Lead complications 



Circulation. 2021;143:7–17

Ø Primary prevention patients with LVEF≤35% and no pacing
indications were included

Ø Programmation : rate-based therapy delivery for rates ≥250 bpm and 
morphology discrimination for rates ≥200 and <250 bpm



Circulation. 2021;143:7–17

Inappropriate shock free rate 3.1% at 1 year Cause of inappropriate shock



EV-ICD (Extravascular ICD) -approach



Proposed Solution: Position the Lead Under the Rib Cage

Hypothesis: A substernal defibrillation lead implant 
is feasible and provides opportunity for …

Ø Lower defibrillation thresholds (DFTs)

Ø Smaller device size like TV-ICD

Ø Greater device longevity

Ø Delivery of pacing therapy, including ATP

Medtronic



The “String” ICD 

ISSD

Implantable
Sucutaneous
String 
Defibrillator

NewPace®



The “String” ICD Easy implantation : no pocket

Minimal protrusion
Maximum confort



La fin des sondes endo cavitaires
en stimulation cardiaque et défibrillation ?

ØOui +++ à moyen terme : fin des sondes endocavitaires
Maillon faible en PM et DAI

Ø Etat de l’art actuel  stimulation sans sonde:
- efficacité , sécurité en stimulation VVI
- 50% réductions risque / VVI conventionnel
- Extensions des indications : syncope, post infection, congénital malgré 

indications France HAS/SS restreintes

Ø Développement +++ du DAI sous-cutané : 40% des DAI VVI

Validation de son efficacité et sécurité : PRAETORIAN, UNTOUCHED

Ø Future : association  leadless PM + S-ICD                 extension des indications 




