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Leads designs used for CSP



Validazione 3830 LBBAP con dati real-world
• Test di resistenza a fatica simulando 10anni di stimolazione in LBBAP (>400M cicli)1

1  Zou et al. Clinical use conditions of lead deployment and simulated lead fracture rate in LBBAP. JCE 2023 1-8 

Conclusione
Le prestazioni di resistenza alla fatica del 3830 in LBBAP sono paragonabili 
a quelle in RVP (98% di affidabilità, IC al 95%) 1

Dimostrata sicurezza ed efficacia co dati real-world dell’elettrocatetere 3830 
posizionato nell’area della braca sinistra.









📊  Medicare Registry – Tendril STS & UltiPace 
Study population 
•70,582 dual-chamber pacemaker recipients  
•2,341 LBBAP  
•68,241 RVP  
•24-month follow-up  
Safety 
•Acute complications:  

• LBBAP 7.8%  
• RVP 7.7%  

•Chronic complications:  
• LBBAP 7.4%  
• RVP 8.0%  

•No significant differences  

Take-home message 
LBBAP using Abbott stylet-driven leads (Tendril STS/UltiPace) 

demonstrated comparable safety to RVP, with lower HF 
hospitalizations and lower mortality at 2 years

Reinterventions 
•Similar overall 
reintervention rates  
•Fewer CRT upgrades 
with LBBAP:  

• 0.96% vs 
2.46%  

Clinical outcomes 
•HF hospitalization ↓ 
28%  
•Incident HF ↓ 46%  
•All-cause mortality ↓ 
36% 



🔵  INSIGHT-LBBAP – Key Points 

📊  Study population: 
•1122 patients, multicenter  
•(8 US sites)  
•LBBAP using Ingevity + 
•(6Fr, stylet-driven lead)  
•Real-world retrospective registry 

⚙  Procedural success 
•LBBAP success: 95.6%  
•First-attempt success: 90.6%  
•Lead-level success: 89.6%

🔋  Electrical performance 
•Pacing threshold ≤2V: 98.8% at 3 months  
•R-wave ≥5 mV: 94.8%  
•Parameters stable up to 24 months

🛡  Safety (Lead reliability) 
•LRC-free rate:  

• 97.7% at 3 months  
• 97.2% at 24 months  

•Overall complications: 2.8% 

⚠  Main complications 
•Lead dislodgement: 2.3% (most common)  
•Elevated threshold/loss of capture: 0.4%  
•Oversensing: 0.1%  
•Perforation: 0.1%

🔧  Lead fracture (key point) 
•0 distal conductor fractures observed  
•1 proximal (clavicular) fracture  
•Follow-up up to ~24 months



👉  No long-term adverse 
sequelae  
🔧  Lead fracture (key point) 
•0 lead fractures at follow-up  
•Despite:  

• deep septal implantation  
• multiple screw attempts  

•Preserved lead integrity 

🟦  Study population 
•207 patients (LBBAP group)  
•200 control (RV pacing)  
•Multicenter (19 Italian centers)  
•LBBAP using Ingevity+  
•6Fr, stylet-driven lead  
•Real-world retrospective study 

⚙  Procedural success 
•LBBAP success: 97%  
•LBB capture: 78%  
•LV septal pacing: 22%  
•Longer procedure and fluoroscopy 
time vs RV pacing 

🔋  Electrical performance 
•Pacing threshold ≤2V: 98% at follow-
up  
•R-wave ≥5 mV: 92%  
•Parameters stable over time  
•Comparable to RV pacing 

🛡  Safety (Lead reliability) 
•No lead fractures during follow-up 
(~9 months)  
•Lead dislodgement: ~1.5% (3 cases)  
•Overall low complication rate  
•Similar safety vs RV pacing 

⚠  Main complications 
•Lead dislodgement: 3 cases  
•Helix fracture (acute): 1 case  
•AV block: 1 case  
•Septal perforation: 1 case
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Conductor cable: MP35N

Inner insulation: ETFE

Inner insulation: silicone

Conductor coil: silver-cored MP35N

Conductor coil insulation: SI polyimide

Outer insulation: 55D polyurethane

Steroid-eluting MCRD ring

OmniaSecure™ defibrillation lead construction



Clinically relevant bench testing  
and test to failure1

OmniaSecure™ defibrillation lead predicted to be highly durable 
with an overall  98.2% fracture-free rate at 10 years

Benchtop fatigue tests designed to mimic in-
vivo use conditions and reflect extreme levels 
of stress, taking into consideration:

• Patient anatomy and lead interaction in 
different zones of the body

• Implant techniques

• OmniaSecure LEADR substudy imaged patients 
during full range of arm motion to assess and 
quantify in-vivo bending

• Inclusion of cyclic use conditions based on 
patient activity

1. Crossley GH, et al. Heart Rhythm. 2025;22:302–310.
2. Wilkoff BL, et al. Heart Rhythm. 2021;18:1605–1612.

Distal fatigue test

Proximal connector fatigue test

Understand in-vivo use 
conditions

Massive tests to look at the 
lead durability at 10 years:

• 400 million cycles for 
cardiac motion

• 5 million cycles of arm 
motions. 

• 50.000.000 patients 
• 5.000 cohorts



OmniaSecure™ defibrillation lead predicted to be highly durable with an overall 98.2% fracture-
free rate at 10 years

The reliability model accurately predicted 10-
year real-world performance of Medtronic 
commercialized leads2

1. Crossley GH, et al. Heart Rhythm. 2025;22:302–310.
2. Wilkoff BL, et al. Heart Rhythm. 2021;18:1605–1612.

Validated fatigue survival model2Validated fatigue survival model2Validated fatigue survival model2



The apparent discrepancy 
between PhysioSync-HF and 
HeartSync-LBBP likely reflects 
d i f fe r e n c e s i n p a t i e n t 
s e l e c t i o n , o p e r a t o r 
exper ience , procedura l 
success, and the distinction 
between true LBBP and 
b r o a d e r C S P / L B B A P 
strategies.



PhysioSync-HF – Key Limitations 
•Small number of events  

• ~15–20 events per group  
• Results highly sensitive to few events  

•Procedural deaths imbalance  
• 3 deaths in CSP vs 0 in BiV  
• Major impact on composite endpoint  

•Composite endpoint complexity  
• Includes hard and soft outcomes (e.g., LVEF)  
• Outcome influenced by non-clinical 

components  
•Heterogeneous CSP strategy  

• Mix of LBBP, LBBAP, deep septal pacing, HBP  
• Not a uniform or optimized technique  

•Learning curve effect  
• Multicenter (14 centers) with variable 

experience  
• CSP outcomes strongly operator-dependent  

•Lack of standardization  
• Different leads and delivery systems  
• Variable implantation techniques  
• Inconsistent LBB capture confirmation

PhysioSync-HF – Summary 

📊  Study design 
•Randomized clinical trial  
•173 patients with HFrEF and LBBB  
•CSP vs BiV pacing  
•Multicenter (14 centers)  

⚙  Intervention 
•CSP strategy including:  

• LBBP  
• LBBAP  
• Deep septal pacing  
• His bundle pacing  

👉  Heterogeneous approach 

🎯  Primary endpoint 
•Hierarchical composite:  

• Death  
• HF hospitalization  
• Urgent HF visits  
• LVEF change  

📉  Main results 
•CSP failed to demonstrate non-inferiority  
•CSP associated with worse overall outcome vs BiV  
•More events in CSP group  

⚠  Key observations 
•3 procedural deaths in CSP vs 0 in BiV  
•Small number of events (~15–20 per group)  
•~20% of CSP = deep septal pacing (not true LBBP)  

🧠  Interpretation 
•Reflects real-world CSP practice  
•Outcomes influenced by:  

• Operator experience  
• Technique variability  
• Non-standardized approach



🔵  HeartSync-LBBP  

📊  Study design 
•Prospective, multicenter randomized trial  
•200 patients with:  

• HFrEF (LVEF ≤35%)  
• True LBBB  

•LBBP vs BiV pacing (1:1)  
•6 centers (China)  
•Median follow-up: 36 months  

⚙  Procedural results 
•LBBP success: 98%  
•BiV success: 94%  
•Crossovers allowed 

👉  very high implantation success  

🎯  Primary endpoint 
•Composite:  

• All-cause death  
• HF hospitalization 

📉  Main results 

•Primary endpoint:  
• 8% (LBBP) vs 28% (BiV)  
• HR 0.26 (p < 0.001)  

👉  strong reduction in events  

🫀  Clinical outcomes 
•No significant difference in mortality:  

• 2% vs 5% (ns)  
•Significant reduction in HF 
hospitalization:  

• 7% vs 28% 

👉  main driver of benefit  

🫀  Echocardiographic outcomes 
•Similar responder rate:  

• 86% vs 81%  
•Higher super-response with LBBP:  

• 55% vs 36%  

👉  better reverse remodeling  

⚡  Electrical performance 

🧠  Interpretation 

👉  LBBP appears: 
• more physiological  
• more effective in reducing HF events  

👉  especially in: 
• true LBBB  
• non-ischemic cardiomyopathy 

⚠  Key limitations 
•Highly selected population  

• true LBBB  
• high NICM 

prevalence  
•Very high operator 
expertise  
•Not generalizable to all 
centers 











From SDL to LLL
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AVOIDING LEAD DAMAGE
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Helix retraction with SDL
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Lumenless a contatto e 
perpendicolare stesso caso

Lumenless non allineato



C320LBB (round wire) 



Perpendicolarità  atrio normale



Ricerca della  perpendicolarità  











In the LIFE-LBBAP study, mean implantation depth was 

approximately 12 mm (range ~7–14 mm), but no 

relationship between depth and lead fracture was 

demonstrated.

🔹  If too shallow 
•The lead is poorly anchored  
•The septal entry point becomes highly mobile  
•↑ cyclic bending  
•↑ fatigue at the segment proximal to the ring  

🔹 If adequately deep (≈ 12–14 mm range) 
•More of the lead is “embedded” within the septum  
•Reduced relative motion above the entry point  
•↓ cyclic stress  

🔹 If too deep 
•Increased implantation-related stress  
•Higher risk of structural damage  
•Potential increase in local mechanical stress

Mechanical Principles of Lead 
Behavior 









✓ MOVE TO LAO 20-35° 

✓ SHEATH PERPENDICULAR TO IVS 

✓ CONTRAST INJECTION MAY HELP 







The relationship between delivery diameter and lead 
rigidity determines system curvature and control.



A too oversized delivery could cause  
wobble, loss of alignment, and helix damage.



A too tight-fit delivery improves control … 
but must be sufficiently stable and elastic.



Delivery systems for CSP are generally 
double-curved: a primary curve to reach 
the septum and a secondary out-of-plane 
curve to achieve a more perpendicular 
orientation against the septum.



Take Home Message
Conduction System Pacing is not a lead or a device 

It is a system 

•Heart anatomy  
•Alignment determines penetration  
•Geometry determines control  
•Technique determines outcome  
•Delivery evolution determines system performance  
•Experience, data, and iteration drive progress 


