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 In several decades of experience with 
implanted devices, leads have shown to be 
the weakest point in the system 
 

 ICD leads in particular are showing  
worring failure rates and their reliability 
has become one of the major ‘hot topic’ of 
the moment among CRM community 

 

Lead Malfunction 
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Lead Malfunction 

Pacing leads  up to 28%  after 10 years1 

ICD leads       up to 40% after 10 years2  
CS leads        about 10% after 5 years3 

  

Incidence: 

1 Fortesque, et al, Heart Rhythm 2004 1:150-159;                                                            
2 Maisel, et al. Circulation 2008;117:2721-2723; 
3 Lau PACE 2009;  32:1 466–1477 

•Definition of lead malfunction 
•Performance of different lead models 
•Patient characteristic 
•Physician implantation techniques 

Depending on: 
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Lead Malfunction 
Pacing vs ICD 

Pacing leads  Malfunction up to 28% after 10 years 

Definition of malfunction 
Different lead models  SJM 1010T 
     MDT 4004 
     Telectronics Accufix  
Patient characteristic  Age 
     Activity 
Implant techniques 



Implant Technique 
 
 Cefalic vein (use introducer) 
 Extratoracic subclavian vein puncture 

Byrd CL: Managing Device-Related Complications and Transvenous Lead Extraction. In Clinical Cardiac Pacing, 
Defibrillation and Resynchronization Therapy. Edited by Ellenbogen KA, Kay GN, Lau CP, Wilkoff BL. Philadelphia: 
WB Saunders Co.; 2007:855–930. 
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Fractured lead 
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Courtesy of 
Prof. B. Wilkoff 

Technique 
Failure 
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Lau EW, PACE 2009; 32:1466–1477 

LV Lead Failures 
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Europace (2006) 8, 863–869 

Europace (2007) 9, 1041–1047 

PACE 2005; 28:926–932 

Lead malfunction is the 
most common long term 

complications 

ICD lead performance Lead Malfunction 



Need for lead reliability 
As patients live longer and younger and more active 
patients get devices, there is an increasing need for 

leads with long-term reliability 
Hauser study – Survival of 
patients and high voltage 
implantable cardioverter-

defibrillator leads.2 

Hauser R, Maron BJ, Marine JE, 
et al. Safety and Efficacy of 

Transvenous High-Voltage 
Implantable Cardioverter-

Defibrillator Leads in High-Risk 
Hypertrophic Cardiomyopathy 

Patients. Heart Rhythm Society. 
2008;5:1517-1522. 
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Need for lead reliability 

 Literature reports values for inappropriate 
therapies due to lead failure up to 14% in 
pediatric patients 1-2 

 

 Up to 76% of failing ICD leads are reported 
to result in inappropriate therapies 3 

1- Berul CI et al, JACC Vol. 51, No. 17, 2008 

2- Korte T. et al, PACE 2004; 27:924-932 

3- Eckstein et al, Circulation 2008; 117:2727-2733 
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B.D. Powell et al, PACE 2012, in press 
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HRS/ACC/AHA 
2009 

 
Definitions 
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ICD lead performance 

Maisel, W. H. et al. Circulation 2008;117:2721-2723 

ICD Lead survival varies from   
   

91 to 99%  at 2 years 
85 to 98%  at 5 years 
60 to 72%  at 8 years 
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ICD lead performance 
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Lead survival rate including all leads 
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Fidelis 
Recalled 

*All data from 2011 PPR report from BSC, MDT and SJM 

Industry data on lead survival 
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Performance of different technologies 
 

Leiden University in the Netherlands conducted a long term study* to 
determine the ICD lead survivability over multiple manufacturers: 

• Large number of ICD leads (n=2161) 
• Implanted over a 16 year period 
• 4 Manufacturers 

*Borleffs et al., Risk of Failure of Transvenous Implantable Cardioverter-Defibrillator Leads. Circ Arrhythm Electrophysiol 
2009;2:411-416 

1  Borleffs W, vanErven, J. van Bommel R, et al. Risk of Failure of Transvenous Implantable Cardioverter 
Defibrillator Leads. Circulation of Arrhythmia and Electrophysiology (2009), DOI: 0.1161/CIRCEP.108.834093. 
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Lead body design comparison 

Images taken from “Clinical Cardiac Pacing, Defibrillation, and Resynchronization 
Therapy",  
3rd edition. Ellenbogen, Kay, Lau and Wilkoff. 

St. Jude 
Riata® 

6.8 F (2.3mm) 

BSC 
 RELIANCE® 
8.1 F (2.7mm) 

Medtronic  
Sprint Quattro® Secure 

 8.4 F (2.8mm) 

Wall size: Indicates the insulation thickness between conductors and 
outer lead body   
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Zuberi Z, et al, Sprint Fidelis defibrillator leads—Should we keep 
the faith?, Int J Cardiol (2012), doi:10.1016/ 
j.ijcard.2012.06.043 
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 Voluntary recall October 2007  
 Initial 2.3% 30 month failure rate 
 3 year failure rate: 5% 
 Increasing failure rate: 3.75%/year  

Medtronic Sprint Fidelis Performance reports; Hauser, Heart Rhythm 2009 

Fidelis Lead Advisory 

Risk of not extracting Risk of extracting 
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ICD Lead Failure Sprint Fidelis  

Swerdlow CD et al, Circulation 2008; 118: 2122-2129 
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Hauser, Circulation 2011 

These findings have significant 
implications for the management of 
patients who have Fidelis leads, and they 
demonstrate the importance of weighing 
clinical variables in assessments of ICD 
lead performance. 
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RIATA Lead Advisory 
(278,000 worldwide) 

Externalized Conductors up to 15% (25 out of 165 patients) , including 5 leads 
(3%) that were associated with an electrical abnormality. (Belfast Experience) 
 
Riata (8Fr) single shock coil models exhibit a significantly higher incidence rate 
of externalized conductors than all other Riata (8Fr) and Riata ST (7Fr) models. 
 
Externalized Conductors: 85% inside-out and 15% outside-in 
  
Lead movement associated with a patient’s heart beat  location of the 
externalization within 8 centimeters proximal to the RV shock coil  
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RIATA Lead Advisory 



Parvathaneni, et al, Heart Rhythm 2012 
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ENDOTAK Lead Technology 

Trilumen lead 
• Design that maximizes insulation thickness 
• Designed to be durable and crush resistant 

Pace/sense conductor 
coil 

High-voltage DBS 
wire 

ENDOTAK 
RelianceTM 
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Web 

Outer Abrasion Silicone  
Tubing (with SilGlide coating) 

Trilumen Silicone Tubing 

Wall 

PU Abrasion Tubing 

RELIANCE  
4-FRONT™ RELIANCE 

PTFE Cathode Coil Tubing 

Lead Trilumen Silicone Abrasion Silicone  
(wall thickness) 

Abrasion PU  
(wall thickness) 

PTFE  
(wall thickness) 

RELIANCE 
4-FRONT  

Silicone 
Wall Thick > 0.178 mm 
Web Thick > 0.127mm 

0.229 mm 0.051 mm 0.051 mm 

RELIANCE Silicone 
Wall Thick > 0.178 mm 
Web Thick > 0.127 mm 

0.229 mm 0.051mm 0.051 mm 
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Reliance vs 4-Front 



Built on the RELIANCE platform, 4-FRONT is 
smaller without compromising insulation thickness. 
Reduced high voltage cables thickness. 

RELIANCE 4-SITE™  
8.1F (2.7mm) 

RELIANCE 4-FRONT™ 
7.3F (2.4mm) 

Same insulation thickness 

Smaller cables 
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Reliance 4-Site vs 4-Front 



Group A = RELIANCE™ G   n = 17 
Group B = Sprint Quattro™ 6944 n = 20 
Group C = Riata™ 1570   n = 36 

Di Cori A, Bongiorni MG, Zucchelli G, et al. Transvenous Extraction Performance of Expanded 
Polytetrafluoroethylene Covered ICD Leads in Comparison to Traditional ICD Leads in Humans. PACE. 
2010; 33:1376-1381. 

Easier extraction due to ePTFE 

Conventional GORE™ 

Incorporation of GORE™ 
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J Am Coll Cardiol 2010;56:646–50 

349 Sprint Fidelis leads were extracted from 348 
patients. All leads were removed completely. There 
were no major procedural complications or deaths. 
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 Average body thickness 
Maximized insulation thickness 
 Single coil 
 Isodiametric 
 Fibrosis ingrowth prevention 

Optimal 
lead body 
design 


