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Growing&number&of&CRM&Systems&&&Leads&

DEVICES 
7 million devices worldwide 

700.000 new devices annually  

LEADS 
14 million leads worldwide 

1.4 million new lead annually  
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!  Infec*on%≈%1%%%

–  2J7%%infec*on%rate%for%replacement/upgrades1%

–  ≤%0.5%%infec*on%rate%for%new%implants1%

%

!  Malfunc*on%≈%2.5%%%

–  1.65J20%%annual%ICD%lead%failure%based%on%age2,3%

%

!  Occlusion%≈%0.5%%%

–  9J12%%of%device%replacement%or%upgrade4%

!  Redundant%leads4%≈%1%%%

 Patients:" Estimated annual complication rate ≈ 5% 

4. Field M.E., Jones S.O., Epstien L.M. How to select patients for lead extraction. Heart Rhythm 2007; 
4:978-985 
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HRS&2009&Lead&ExtracCon&indicaCons:&

!  INFECTION&
!  CHRONIC&PAIN&
!  THROMBOSIS&OR&VENOUS&STENOSIS&
!  FUNCTIONAL&LEADS&
!  NONPFUNCTIONAL&LEADS&

&
&

CLASS 
 I       IIa   IIb      III   

 Heart Rhythm : July 2009 
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FUNCTIONAL&&and&NON&FUNCTIONAL&LEADS:&
Class&I&

1.  Lead% removal% is% recommended% in%pa*ents%with% life% threatening%

arrhythmias%secondary%to%retained%leads.%(Level%of%evidence:%B)!
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LifeJthreatening%ARRHYTHMIAS%
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2.  L e a d % r e m o v a l % i s%

recommended% in% pa*ents%

with%leads%that,%due%to%their%

design%or% their% failure,%may%

pose% an% immediate% threat%

to% the% pa*ents% if% le^% in%

place% (e.g.% Telectronics%

ACCUFIX% J% wire% fracture%

with% protrusion).% (Level% of%

evidence:%B)%
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Encor%lead%fracture%with%J%wire%protrusion%%

FUNCTIONAL&&and&NON&FUNCTIONAL&LEADS:&
Class&I&

Immediate threat to the patient if left in 
place 



 
Division of Cardiovascular Diseases - University Hospital of Pisa (Italy) 

3.  Lead% removal% is% recommended% in% pa*ents% with% leads% that%

interfere% with% the% opera*on% of% implanted% cardiac% devices.%

(Level%of%evidence:%B)%
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FUNCTIONAL&&and&NON&FUNCTIONAL&LEADS:&
Class&I&

I&think&they&were&trying&to&achieve&RVOT,&
as&opposed&to,&apical&pacing&
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IndicaCons&to&transvenous&lead&extracCon&
&

% % % %CLASS%I%

!  Device%system%revision%or%upgrade%in%the%sebng%of%bilateral%

subclavian%vein%thrombosis,%%

!  SVC%occlusion,%%

!  Ipsilateral%venous%occlusion%preven*ng%ipsilateral%implanta*on%with%

contraindica*ons%to%contralateral%implant%(eg,%arteriovenous%fistula,%

vascular%access%port,%mastectomy,%etc)%

% % % %CLASS%IIa%

!  The%need%for%lead%implanta*on%with%ipsilateral%venous%occlusion%

preven*ng%ipsilateral%implanta*on%without%contraindica*ons%to%

contralateral%implant%or%%

!  lead%implanta*on%that%would%result%in%4%leads%in%the%implant%vein%or%

5%leads%through%the%SVC.%

% % % %CLASS%IIb%

!  Superfluous%leads%with%the%poten*al%for%CIED%interference%and%

!  Abandoned%or%redundant%leads%

Wilkoff BL, Love CJ, Byrd CL, Bongiorni MG, et al HRS Lead Extraction Consensus - 2009 
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Lead Replacement vs Abandonment in Non-infected Leads 
Study& Study&

Type&
Groups&Studied& N°&of&

PaCents&
N°&of&
Leads&

FollowP
up&

Composite&Results:&&&&&&&Abandon&
vs&Remove&

Wollman% Retro% Add%HV%vs%replace%HV% 33avs%53r% 2.6vs1.4% 9.3vs6.7y% ↔%(Add%HV%decision%due%to%failed%

TLE%ahempt%in%70%)%

Wollman% Retro% Add%P/S% 151% 2.3% 3.6%y% N/A%(Conclude%removal%best%given%

28.5%%failure%rate%of%new%P/S%

requiring%repeat%procedure%

Suga% Retro% Pz%with%≥1%aband%leads% 433% 2.8% 3.1%y% N/A%(N.%Abandoned%leads%higher%in%

those%with%complica*ons%

Furman% Retro% Pz%with%≥1%aband%leads% 152% N/A% 4%y% N/A%(1%fatal%case%of%DRE)%

Rebg% Retro% Pz%with%≥1%aband%leads% 25% N/A% 1.8%y% N/A%(Fatal%emboliza*on%or%cut%lead)%

Silveb%e%

Drago%

Retro% Young%pz%with%aband%leads% 18% 1.1%

(aband)%

4%y% N/A%(11%%DRE%and%28%%new%

controlateral%implant%but%study%

underpowered)%

Glikson% Retro% Aband.%HV%or%P/S% 78% 1.5%(ab)% 3.1%y% N/A%(No%sensing%malfunc*on,%venous%

trombosis%or%DFTchange%

deCock% PRO% Pz%with%≥3%leads%vs%control% 48% 3.2vs2.0% 7.4%y% N/A%

Bohm% Retro% Pz%with%≥1%aband%leads% 60% 1.0%(ab)% NA% N/A%(20%%event%rate%driven%by%

migra*on%of%cut%leads)%

Sweeney% PRO% Device%upgrades%add%vs%

replace%

58% NA% 1.1%Y% ↔%

Parry% Retro% Pz%with%≥1%aband%leads% 119% NA% NA% N/A%(42%%vs%3%%rate%of%major%compl%

infec*us%vs%non)%

Amelot% Retro% Abb.%vs%Extr.%HV%or%PS%

%

26a%vs%32r% 3.4vs1.7% 3.2%y% No%Difference%

End Points: Event-free Survival 

Rigorous evidence from large-scale, randomized trials is lacking, and the available 
reported studies are often underpowered, generating more confusion than ansvers 
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Concerns&about&abandoning&leads&

!  Increased%risk/difficulty%of%extrac*on%in%the%future%

!  Infec*on%

–  ICD%(as%opposed%to%PPM)%

–  >%2%leads%

!  Venous%Obstruc*on%

!  LeadJlead%interac*on%%

!  MRI%compa*bility%

Abandoned%Leads%are%not%harmless%
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Advisory&Leads&

!  Telectronic%Accufix/Encor% % %1994%

! MDT%Sprint%Fidelis% % % % %2007%%

!  SJM%Riata% % % % % %2011%

%%

•  Over%*me%leads%have%shown%to%be%

the%weakest%point%in%the%PM/ICD%

systems%

•  Par*cularly%ICD%leads%are%showing%%
poor%reliability%(malfunc*on%up%to%40%%

a^er%10%years).%

Implanted%Leads%may%be%dangerous%
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Advisory&lead&

!  Leads%that%can%cause%harm%

!  Leads%that%can%fail%

!  Leads%that%have%failed%

Management%Op*ons%

!  Observa*on%

!  Abandonment%

!  Replacement%
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Heart Rhythm, Vol 
6, No 6, June 2009 

HOME MONITORING 
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The main factors strong influencing the decision making were 
patient’s age (59%), the presence of damaged leads (44%) 

and the lead dwelling time (44%)   
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At what age is a patient considered “young” in lead 
management?  
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Recalled&and&Superfluous&leads&Management&

Melanie%May*n,%Laurence%M%Epstein%%

Heart!2011;97:425J434%
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Learning&from&History:&&
Telectronics&Accufix/Encor&&–&1994&Recall&

Lead&in&place&
40&injuries,&including&6&deaths&
Injury&from&lead:&0.1%&
Mortality&from&lead:&0.017%&
&
Lead&ExtracCon&
5299&leads&extracted&(13%)&
Serious&complicaCons&(1.3%)&
16&deaths&(0.4%)&
&
Mortality=&24x&greater&!!&
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Advisory&Leads&Management&&

!  There%is%no%one%right%answer:%

–  an%individual%decision%
! What%is%the%advisory?%

! What%are%the%consequences%of%lead%failure?%

–  Loss%of%lead%func*on:%pacing,%defibrilla*on%
–  Lead%malfunc*on:%inappropriate/ineffec*ve%shocks%

! What%is%the%pa*ent’s%prognosis?%
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PTFE 

ETFE 

Silicone 

Polyurethane 

Sense 

Pace 

RV 

SVC 

ICD&Leads&ConstrucCon:&&
Components&and&Materials&

!  Conductors,%with%3%desiderable%proper*es%

–  Resistance%to%fa*gue%with%repe**ve%stress%
–  Resistance%to%corrosion%
–  Low%electrical%resis*vity%
%

!  Insula*on,%prevents%current%from%escaping%from%%

the%conductors%into%*ssue%

–  Silicone%
–  Polyurethane%
–  Op*m%

–  Fluoropolumers%(PTFE,%ETFE,%ePTFE)%



 
Division of Cardiovascular Diseases - University Hospital of Pisa (Italy) 

Conductors&Failure&"&Sprint&Fidelis&

Sprint Quattro Sprint Fidelis 

PTFE 

ETFE 

Silicone 

Polyurethane 

Sense 

Pace 

RV 

SVC 

Sprint Fidelis: 
-  Smaller diameter 
-  No separate Compression Lumens 
-  Less insulation between the conductors 
-  Less insulation between conductors and outer tube 

Haqqani & Mond, PACE 2009 
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Lead body design comparison 
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   

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

InsulaCon&Failure&"&Riata&

reduction in wall size " inside-out abrasion " cable externalization 
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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. 

577 Riata leads were extracted 
from 577 patients.  

Total Removal 99.1%.  
Major complications 0.87%  

(1 death, 1 tamponade, 1 SVC laceration) 
In leads with cable externalization, 

laser sheaths were used more 
frequently  

Maytin M, Wilkoff BL, Brunner M, Cronin E, Love CJ, Bongiorni MG, Segreti L, et al 
Heart Rhythm 2014 
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Bongiorni MG, Di Cori A, Segreti L, et al. Heart Rhythm 2015;12:580–587  



 
Division of Cardiovascular Diseases - University Hospital of Pisa (Italy) 

Riata&leads&CharacterisCcs&

• Fragility%of%insula*on%
• Damage%of%inner%conductor%

• Tissue%ingrove%into%the%coils%(1500)%
• Conductors%externaliza*on%



%
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Riata&leads&CharacterisCcs&
• Damage&of&inner&conductor&

Difficult&to&use&the&rail&effect&

• Stylet&stops&early&
• Tissue&ingrove&into&the&coils&(1500)&

• Need&for&dilataCon&
• Fragility&of&insulaCon&

• Easy&breakage&
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Bongiorni,&M.&G.&et&al.&
Eur&Heart&J&2008&

Riata&leads&ExtracCon&

•  Straight&course&of&the&lead&
•  Free&from&binding&sites&
•  Easier&use&of&upsized&dilators&

Internal&Jugular&
Approach&
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Not-infected 
Leads 

Infected Leads 

598 (418) Patients (M) 1733 (1364) 

57.5 Mean age (y) 68.1 

756 (529-227) (30) Leads (Pacing – ICD) 3505 (2904/601) (17)     

58.6 Mean Implant time (m)                                                         74.3  

732 (96.8) Complete Removal(%) 3429 (97.8) 

66 (8.7) Jugular Approach (%) 306 (8.7) 

2 (0.33)                   
0 (0) 

Major Complications(%) 
Deaths (%) 

13 (0.75)                    
4 (0.23)              

NotPinfected&vs&Infected&Leads&
17 years Experience on Lead Extraction  (01/1997-07/2015) 
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Extrac*on%

Higher%risk%of%procedure%

Elimina*on%of%future%issues%

Lead%addi*on%

Lower%risk%of%procedure%

Crea*on%of%future%issues%

Concerns%about%abandoning%leads%

Venous%Obtruc*on%–%LeadJlead%interac*on%–%MRI%compa*bility%–%

Infec*on%–%Increased%risk/difficulty%of%extrac*on%in%the%future%

Recalled&and&Superfluous&leads&Management&

Take%account%of%

Number%of%Leads%–%Implant%Dura*on%–%Defibrillator%vs%Pacing%electrodes%–

Pa*ent%Age,%Comorbidi*es%and%Wishes%
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J  Management%is%some*mes%challenging%

J  The%decision%about% the%best%management%has% to%be%

taken%on% individual%basis,% integra*ng%various%pa*ent%

and% lead% characteris*cs% and% operatorJrelated%

variables%%

J  Transvenous% lead% extrac*on% must% be% considered% in%

many%cases%

J  In% experienced% centers% success% rate% and% safety% of%

transvenous% extrac*on% may% suggest% a% more%

aggressive%approach%

%

%

Recalled&and&Superfluous&leads&Management&
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U.A.&male,&76&years&old&

!  Hyschemic%cardiomiopaty%with%previous%MI%(1987),%CABG%

(1990)%and%PCI%(2005)%

!  2009%sinus%bradycardia%"%dual%chamber%PM%implanta*on%

!  2010%reduced%EF%"%upgra*ng%to%dual%chamber%ICD%(DFJ1)%

(normal%func*oning%RV%lead%was%abandoned)%

!  2014%Permanent%Atrial%Fibrilla*on%

!  2015%Conges*ve%Heart%Failure%and%indica*on%to%CRTJD%
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ATRIAL LEAD REMOVAL 

CS CANNULATION 

LV INSERTION 
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SUCCESSFUL CRT-D UPGRADING 


