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Recent Advances in Electrical Therapies 

•  Leadless PM: LLP 
•  Subcutaneous Lead ICD: S-ICD 
•  Recent CRT Recommendations 
•  Multisite, Quadripolar LV Pacing: MSP, 4P-LVP, MPP 

•  LV Endocardial Pacing: LVEP 
•  Vagal Nerve stimulation in HF: VNS 
•  Left Atrial Appendage Occlusion: LAAO 



Unmet Needs in Cardiac Pacing & ICD 

•  Pacing Lead failure 
–  Up to 21% within 10 years after PM 

implantation 

•  ICD Lead failure 
–  Lead replacement is mandatory in 38% 

within 8 years after ICD implantation 

•  Lead Fracture & Dislodgement 
•  Vasculatures and Cardiac Infections 
•  PNO Hemothorax, Cardiac Perforation 
•  Tricuspid Valve Injury 
•  Vascular Thrombosis 



Subclavian 
Vein/IT Occlusion 



PM Lead Issues in Clinical Practice 





Miniaturized,	  Leadless	  
VVIR	  Pacer	  

+ 
Steerable	  Sheath/Catheter	  

Leadless Pacemaker Potential Benefits and Risks 
Reduced Invasiveness 
• No surgery, Femoral venous access 
• Less radiation exposure (femoral) 
• More cosmetic for patient (“invisible”)  

 
Improved Efficiency  
• Fewer complications (no lead or subQ device) 
• MRI conditional 

 
More Cost-Effective Therapy 
• Reduced length of hospital stay 
• Fewer acute and chronic complications 

Risks (to be evaluated) 
. Device dislodgement, Migration 
. AV Dyssynchrony 
. Explantation ?? 



Leadless LV Pacing 
§   Upgrade existing implanted systems 

§  Works with any PM or ICD 

§   Simple co-implant 

§   Transvenous right side system 

§   Wireless left side system 

Echt, Heart Rhythm 2006 
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“Minimally Invasive ICD” –  Pediatric Case Reports: 
Children with congenital heart disease 

Stephenson J CV EP 2006;17:41-6 
Berul PACE 2001;24:1789-4; 
Gradaus  JCE 2001;12:356-60 

Unique challenges of ICD implant 
in children due to size, growth, 
& frequent congenital heart disease 
with increased risk paradoxical embolism 

DFT ≤ 14 - 20 joules 

•  SQ array around left thorax 
•  Abdominal active can generator 
•  Epicardial pace-sense lead 



N Engl J Med 2010;363:36-44. 



. Tripolar parasternal electrode is 
positioned parallel to and 1 to 2 cm 
to the left of the sternal midline 
 

. Distal sensing electrode placed 
close to the manubriosternal junction 
 
. Proximal sensing electrode placed 
adjacent to the xiphoid process 
 
. PG is positioned over the sixth rib 
between the midaxillary line and the anterior axillary line. 
 
. No fluoroscopy is required 

The electrode has an 8-cm shocking 
coil, flanked by 2 sensing electrodes. 

S-ICD Implantation Procedure 



S-ICD Implantation 
Procedure 



Sensing the Subcutaneous Signal 

Automatic Setup Analyzes: 
•  QRS and T-wave amplitudes 
•  QRS:T-wave ratios (amplitude and timing) 

SELECT	  SENSE	  CONFIGURATION	  

ANALYZE	  IMPACT	  OF	  POSTURE	  

FORM	  QRS	  TEMPLATE	  

•  Patient posture 
•  QRS morphology and width 
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Screening prior to and post  S-ICD implantation 

Variant Patient Posture 



What About Acceptance of S-ICD? 

•  Inappropriate shocks due to oversensing (80 J output) 
•  Potential erosion/migration issues (large device 145 g; 58 cc) 
•  Tunnelling along rib margin and parasternally 
•  No painless therapies (ATP) 
•  No bradycardia support 

 ~5-10% of prophylactic ICD pts will develop concomittant bradycardia 

 Aggressive use of BB could exacerbate this condition (HF population) 
•  No heart failure monitors 
•  No remote patient follow up 



INSIGHT™ Rhythm Discrimination 

3 methods to correctly identify & classify the S-ECG rhythm: 
1. Static Morphology Analysis 
2. Dynamic Morphology Analysis 
3. QRS Width Analysis 
 

 



INSIGHT™ Rhythm Discrimination: PVT/VF 

Static	  CWA	  scores	  (red	  line)	  and Dynamic	  CWA	  scores	  (green	  line)	  fall	  during	  VF.
QRS	  Width	  (pink)	  increases	  during	  VF.
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Static	  CWA	  scores	  (red	  line)	  and Dynamic	  CWA	  scores	  (green	  line)	  fall	  during	  VF.
QRS	  Width	  (pink)	  increases	  during	  VF.
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1. Static morphology (red line) and 
2. Dynamic morphology (green line) fall during PVT/VF. 
3. QRS Width (pink) increases during Vent tachyarrhythmias 



INSIGHT™ Rhythm Discrimination: VT 

Static	  CWA	  scores	  (red	  line)	  drop	  during	  VT
while	  Dynamic	  CWA	  scores	  (green	  line)	  remain	  high
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1.  Static morphology (red line) drops during VT while  
2.  Dynamic morphology (green line) remains high due to 

beat-to-beat similarity. 



S-ICD Clinical Cases 

Inappropriate shocks due to T wave oversensing 



118 patients, FU 18 Months 
8 pts: 45 successfull appropriate shocks 
15 pts (13%) inappropriate shocks:  

 T Wave oversensing, myopotentials, double counting, AF 
16 (14%) Complications: 

 Lead/device dislodgement, infection, skin erosion, need for ATP 
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Predictive value of QRS duration in NYHA class I-II patients 

 MADIT	  CRT	  

REVERSE	  24-‐months	  

RAFT	   P for interaction= 0.003 

P for interaction= 0.001 







LBBB	  

QRS	  < 120	  ms	  

No	  CRT 

120	  ≤QRS	  ≤150	  ms	  

CRT	  indicaBon,	  
Classe	  I,	  Level	  B 

QRS	  >	  150	  ms 

CRT	  indicaBon,	  
Classe	  I,	  Level	  A 

Patients  in SR + LBBB 
NYHA-II, III et IV (ambulatory), 

OMT, EF ≤ 35% 

ESC Guidelines, European Heart Journal, 2013, vol. 34, pp 2281-2329 



No LBBB 

QRS	  < 120	  ms	  

No	  CRT 

120	  ≤QRS	  ≤150	  ms	  

CRT	  indica<on,	  
Classe	  IIb,	  Level	  B	  

QRS	  >	  150	  ms	  

CRT	  indica<on,	  
Classe	  IIa,	  Level	  B 

Schéma 1c 

Patients  in SR + no LBBB 
NYHA-II, III et IV (ambulatory), 

OMT, EF ≤ 35% 

ESC Guidelines, European Heart Journal, 2013, vol. 34, pp 2281-2329 







HF	  PaBents	  with	  convenBonal	  
indicaBon	  for	  Cardiac	  Pacing	  

Upgrade	  from	  convenBonal	  
PM	  or	  ICD	  

Indicated	  in	  case	  of	  
-‐	  EF	  <	  35%,	  OMT	  	  
-‐	  classe	  NYHA-‐III-‐	  IV	  (ambulatory)	  
-‐	  High	  %	  of	  VP	  
Classe	  I,	  Level	  B	  

De	  Novo	  CRT	  

Indicated	  in	  case	  of:	  	  
-‐	  Reduced	  EF	  (<50%)	  
-‐	  Expected	  high	  %	  of	  VP	  
	  
Classe	  IIa,	  Level	  B	  

ESC Guidelines, European Heart Journal, 2013, vol. 34, pp 2281-2329 



ESC Guidelines, European Heart Journal, 2013, vol. 34, pp 2281-2329 





The Target Study 
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Atrial based, Dual Site LV, RV Pacing 



Atrial based, Dual Site LV, RV Pacing 
 (ongoing V3 Trial) 



Interest of Additional 
LV Lead during CRT 



Right Subclavian vein Occlusion 
DDD-PM Upgrade 



ö	
 ö	


ö	


ö	
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Additional Hemodynamic Impact of MPP 



Subselection of Lateral Cardiac Vein 
during Quadripolar LV Lead Implant 



Quadripolar LV Lead in case of LSVC 



Goals of Quadripolar vs 
Bipolar LV Pacing 

•  Offering Multiple Pacing Vectors to 
individually adjust LV Pacing in Long-Term 

 
– Less Phrenic Nerve Stimulation 
– Optimal Pacing Thresholds (multiple vectors) 
– Pacing Vectors to Optimize Hemodynamics 
– Better Lead Stability, Less Lead revision 
– Similar LV Lead Implantation 
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Endocardial  vs Epicardial CRT provides: 
Better LV Filling and 
Systolic Performance 

More Homogenous 
Resynchronization 

Van Deursen, Circ Arrhythmia 
Electrophysiol. 2009;2:580-587 

Prinzen et al 

Pooled data  
from 8 LV sites 

 
*=p<0.05 
 with BL; 

  =p<0.05  
with EPI-BiV † 



LV Endocardial or Triventricular Pacing to Optimize 
CRT in a Chronic Canine Model of Ischemic HF 

 
Bordachar Am J Physiol Heart Circ Physiol 2012. 





TEE Evaluation before Transseptal Puncture 

Location of Fossa Ovalis 

Ongoing Evaluation 



LV Endo Pacing in Non CRT Responder 

LV Lead placement 
under TEE guidance 

Ongoing Evaluation 



LV Endo Pacing in Non CRT Responder 

AP View     LAO View Ongoing Evaluation 



LV endocardial Pacing during CRT 

AP View     LAO View 



PNS still hapens during LV endo Pacing !! 





LV EF Echo Evaluation (Simson) 



•  Expected Benefits of LVEP: 
–  Local Recruitment, V propagation 
–  Optimized LV Pacing Location 
–  Lower risk of PNS, Better PT 
 

•  Potential Side Effects: 
–  TE events  
–  Impact on MR 
–  Lead Extraction, arrhythmias .. 
 

•  Indications: 
–  Non Responders 
–  Failure to Classical Approach 
–  First Line option ? 

Permanent LV Endocardial Pacing in Clinical Practice 

•  Next Steps 
-  Clinical Studies 
-  Improved Implant Tools 
-  New LVEP Lead Design 
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Device-based Neuromodulation Therapy for HF 
Current Investigational Approaches 

Spinal Cord Stimulation 
(SCS): SCS generator implant in 
abdomen or paraspinous region with a 
lead placed in dorsal epidural space 
between T1-T4 

SCS VNS BRS 

JC Lopshire and DP Zipes. Curr Cardiol Rep (2012) 14:593–600 

Vagal Nerve Stimulation 
(VNS): VN stimulator placed in right 
subpectoral region with a lead placed in 
RV and VN stimulating lead tunneled to 
cervical vagus region 

Baroreflex Stimulation 
(BRS): Baroreflex stimulation 
generator placed in right 
subpectoral region with bilateral 
stimulation leads tunneled to the 
carotid baroreceptor region 



Central Effects Cardiac Effects 

Stimulating the cervical vagus 
nerve activates regions in the 

brain and in the heart 

Impact of Vagal Stimulation  



Cyberonics has implanted >60,000 devices.  Safety profile established. 

Vagal stimulation is indicated for epilepsy. 

Please note: 

Epilepsy treatment 
uses mainly left side 
vagus stimulation  





VNS in HF Canine High Rate Pacing Model 

Adapted from Zhang Y, Circ Heart Fail 2009; 2:692-699 



VNS in HF Canine High Rate Pacing Model 

Adapted from Zhang Y, Circ Heart Fail 2009; 2:692-699 







CardioFit Multicenter Trial - Safety 

•  Non SAEs related to the device: n = 19 

 Pain at stimulation site:    6    
 Cough:      5 

 Dysphonia:      4 

 Mandibular pain:     3 

 Stimulus artefact on ECG: 1 

•  Non SAEs not related to the device: n = 11 
         



NECTAR-HF Study: Protocol Overview 

•  Study Design 
–  Single-blind, placebo controlled, randomized 2:1(therapy/control) 
–  Multicentre (European sites) 
–  Control patients crossed over to therapy at 6M follow-up & 

followed for safety through 18 months 

•  Sample Size 

–  250 pts screened for eligibility 

–  96 pts implanted with the system 

•  Patient Population:  

–  NYHA class III HF pts 

–  Ejection fraction of ≤35%  

–  Not CRT candidate, QRS ≤ 130 ms 
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Recent Advances in Electrical Therapies 

1. Quadripolar LV Pacing: PNS, PT, MPP 
2. Left Atrial Appendage Occlusion 
3. Leadless PM, Subcutaneous Lead ICD 
4. HF Refractory to Conventional XX 

 . LV Endocardial Pacing 
 . Multisite Ventricular Pacing 

 . Vagal Nerve stimulation in HF 


