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Approach to Young Patient with ARVD

ÅNew ICD lead extracted with standard techniques

ÅOlder ICD lead

ïcomplete fracture (insulation/conductor)

ïRetracted into axillary vein

ïInserted over the 3rd anterior rib (very lateral)

ïExtraction/snared from right femoral vein in two pieces 

ÅNew ICD lead

ïInserted via new axillary venous access over the 1st 

anterior rib

ïExtensive mapping to find good sensing located on the 

distal septum posteriorly



Assumptions & Limitations 

Produces Creativity

1) Strength of CIED Indicated Therapy

2) Risk with CIED < Risk without CIED

3) Low Impact on Comorbid Conditions

4) Sustainable Implementation

5) Reversibility/Flexibility



Strength of CIED Indicated Therapy

1) Goals:

1) Survival

2) Quality of Life

3) Predictable Outcomes

4) Facilitates Therapy of Co-morbid Conditions



Risk with CIED < Risk without CIED

1) Risks

1) Arrhythmia

2) Surgery

3) Bleeding

4) Infection

5) Clotting



Low Impact on Comorbid Conditions

1) Venous stenosis/occlusion

2) Anticoagulation

3) Valvular regurgitation

4) Ventricular function/Cardiac Synchronization

5) Infection

6) Chronic Kidney Disease and/or Dialysis

7) Indicated or previous cardiothoracic surgery



Sustainable Implementation

1) Current leads are reliable

2) Veins will sustain lead and vascular access needs

3) Lowest risk of infection

4) Supplies all required therapy

5) Ready for next device change



Reversibility/Flexibility

1) Program around issues

2) Extraction feasible



Indications for Lead Extraction

1. Infection           2. Lead Dysfunction     3. Vascular Access



One Year Mortality with Infection
Tarakji KG et al. Europace. 2014;16:1490-5.

33%

7%

24% 



Scenario #1a

Pacemaker Infection ïYoung Patient

1) Symptomatic bradycardia (Atrial or AV Block)

2) Pacemaker Infection

1) Extraction!!!

2) Reimplant other side, iliac, epicardial if still needed

3) Use fewest leads consistent with good therapy

1) Leadless, single chamber, dual chamber, CRT



Scenario #1b

Pacemaker Infection ïOlder Patient

1) Symptomatic bradycardia (Atrial or AV Block)

2) Pacemaker Infection

1) Consider comorbidities (If Prognosis >2 yrs, consider young)

2) Extraction!!!

3) Evaluate for continued requirement for therapy

4) Extraction & Reimplant other side, iliac, epicardial if still 

needed!

5) Comorbidities (Dialysis, renal dysfunction, other OHS 

indication)

6) Use fewest leads consistent with good therapy

1) Leadless, single chamber, dual chamber, CRT



Scenario #1c

ICD Infection ïYoung Patient

1) Primary or Secondary Prevention ICD

2) ICD Infection

1) Evaluate for alternative approach therapy (Ablation, Rx)

2) Extraction!!!

3) Reimplant other side, iliac, epicardial if still needed vs 

SICD

4) Use fewest leads consistent with good therapy

1) SubQ, single chamber, dual chamber, CRT



CIED Infection Survival with ESRD

Guha A et al. Heart Rhythm. 2015;12:2395-401.

10% Survival @ 5 years



Scenario #1d

CIED Infection ïOlder Patient

1) Primary or Secondary Prevention ICD

2) ICD Infection

1) Evaluate for alternative approach therapy (Ablation, 

Rx)

2) Extraction! Consider no reimplantation

3) Reimplant other side, iliac, epicardial if still needed 

vs SICD

4) Use fewest leads consistent with good therapy

1) SubQ, single chamber, dual chamber, CRT



Leads vs Pulse Generators

ÅLeads

ïSaturated w/ Body Fluids

ïMechanically Stressed

ïIntrathoracic

ïImplant Technique Sensitive

ïPatient Activity Sensitive

ïHigh Frequency of Recalls

ïHIGH RISK

ÅPulse Generators

ïHermetic Sealed

ïMechanically protected

ïExtrathoracic

ïImplant Technique 

Insensitive

ïPatient Activity Insensitive

ïLower Frequency of Recalls

ïLOW RISK



Only 72% survive after a 10-year period

How Long do Pacemaker Leads Last?

Fortescue EB et al. Heart Rhythm. 2004;1:150-9.

Failure 28% at 10 years



ICD leads: How long do they last?

Kleeman T et al. Circulation. 2007:115:2474-80.

Failure 15% at 5 years, 40% at 8 years



Scenario #2a

Lead is Unreliable ïYoung Patient

1) Symptomatic bradycardia (Atrial or AV Block)

2) Pacemaker Lead failure 

1) Evaluate for alternative approach therapy

2) Extraction!

3) Reimplant same side if still needed

4) Use fewest leads consistent with good therapy

1) Leadless, single chamber, dual chamber, CRT



Scenario #2b

Lead is Unreliable ïOlder Patient

1) Symptomatic bradycardia (Atrial or AV Block)

2) Pacemaker Lead failure 

1) Consider comorbidities (If Prognosis >10 yrs, consider 

young)

2) Evaluate for alternative approach therapy

3) Extraction & Reimplant same side if still needed!

4) Implant on other side if prognosis very poor

5) Use fewest leads consistent with good therapy

1) Leadless, single chamber, dual chamber, CRT



Scenario #2c

Lead is Unreliable ïYoung Patient

1) Primary or Secondary Prevention ICD

2) ICD Lead failure 

1) Evaluate for alternative approach therapy (Ablation, Rx)

2) Extraction!!!

3) Reimplant same side if still needed

4) Use fewest leads consistent with good therapy

1) SubQ, single chamber, dual chamber, CRT



Scenario #2d

Lead is Unreliable ïOlder Patient

1) Primary or Secondary Prevention ICD

2) ICD Lead failure 

1) Evaluate for alternative approach therapy (Ablation, Rx)

2) Extraction unless prognosis poor (<3 years)

3) Reimplant same side if still needed

4) Use fewest leads consistent with good therapy

1) SubQ, single chamber, dual chamber, CRT



Poor
Judgment



Scenario #3a

Veins are Occluded ïYoung Patient

1) Symptomatic bradycardia (Atrial or AV Block)

2) Needs another Pacemaker lead to deliver therapy

1) Evaluate for alternative approach therapy

2) Extraction! vs Venoplasty

1) Leads unuseful vs useful

3) Reimplant same side!!!

4) Use fewest leads consistent with good therapy

1) Leadless, single chamber, dual chamber, CRT



Scenario #3b

Veins are Occluded ïOlder Patient

1) Symptomatic bradycardia (Atrial or AV Block)

2) Needs another Pacemaker lead to deliver therapy

1) Consider comorbidities 

(If Prognosis >10 yrs, consider young)

2) Extraction! vs Venoplasty

1) Leads unuseful vs useful

3) Extraction & Reimplant same side!!

4) Implant on other side if Prognosis <3 yrs

5) Use fewest leads consistent with good therapy

1) Leadless, single chamber, dual chamber, CRT



Scenario #3c

Veins are Occluded ïYoung Patient

1) Primary or Secondary Prevention ICD

2) Needs another ICD lead to deliver therapy

1) Evaluate for alternative approach therapy (Ablation, Rx)

2) Extraction!!!

3) Reimplant same side!!!

4) Use fewest leads consistent with good therapy

1) SubQ, single chamber, dual chamber, CRT



Scenario #3d

Veins are Occluded ïOlder Patient

1) Primary or Secondary Prevention ICD

2) Needs another ICD lead to deliver therapy

1) Evaluate for alternative approach therapy (Ablation, Rx)

2) Extraction unless prognosis poor (<3 years)

3) Reimplant same side!!!

4) Use fewest leads consistent with good therapy

1) SubQ, single chamber, dual chamber, CRT



All Cause Mortality 30 Days ïPost Extraction

Category Odds Ratio P value

Body mass index <25 kg/m2 1.8 0.043

End Stage Renal Disease 4.8 <0.001

NYHA FC 0.006

II 1.3

III 2.0

IV 8.5

Hemoglobin 3.3 <0.001

INR 1.3 0.01

Infection 1.3 0.002

Dual Coil ICD Lead 2.7 <0.001

Brunner MP, Wilkoff BL, et al. Heart Rhythm. 2014;11:419-25.



Assumptions & Limitations 

Produces Creativity and Reality Check

1) Strength of CIED Indicated Therapy

2) Risk with CIED < Risk without CIED

3) Low Impact on Comorbid Conditions

4) Sustainable Implementation

5) Reversibility/Flexibility
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Site Considerations

ÅPectoral

ÅSub-Mammary

ÅLateral Mammary

ÅAxillary

ÅAbdomen

ÅEpicardial

ÅLimited Atriotomy



Infra-Mammary Implant



Infra-Mammary

ÅVery cosmetic

ÅBe wary of bra cup irritation

ÅLateral approach is an effective 

alternative (similar to axillary site)

ïDevice placed in the pre or sub-

pectoral position

ÅFixation of lead body may be difficult



Axillary Approach



Abdomen Placement

ÅMay be used for epicardial leads
ÅUseful when femoral vein approach is 

used



Femoral Implant



Inominate Vein

ÅMay be accessed from the right with a 

medial ñstickò

ÅMay allow access beyond an area of 

thrombosis 

ÅMore difficult to access inominate from left 

side





Internal Jugular Implant



Transiliac / Femoral approach

ÅUseful when all superior vein occluded, or 

when congenital anomaly prevents access 

via superior routes

ïvein is accessed via cutdown and/or 

introducer technique

ïactive fixation leads placed

ïpacemaker inserted in lower abdominal 

wall



Femoral Vein Implant

ÅAbove the inguinal ligament

ïGuidewire in the vein

ïStick low to avoid the peritoneum

ïAim at the guidewire with introducer 

needle

ïUse usual introducer technique

ÅBelow the inguinal ligament

ïTunnel the lead to the pocket

ÅHigher Fracture Rate



Femoral Vein Implant



Abdomen Implant

Caution



Inferior Vena Cava

ÅUseful when all superior vein occluded, or 

when congenital anomaly prevents access 

via superior routes

ïñmini-laparotomyò; right flank incision

ïretro-peritoneal identification of IVC

ïactive fixation leads placed through 

purse-string sutures

ï?less risk of fracture vs femoral 

approach



IVC Implant



Transatrial Approach

ÅEndocardial leads may be utilized
ÅDual chamber pacing may be performed
ÅChronic leads may be removed
ïGeneral anesthesia
ïIncision over 3rd/4th costochondral 

cartilage 
ïPurse-string suture in atrium / 

appendage
ïIntroducer / sheath placed, then 

lead(s)
ïPacer pocket made via incision



Trans-Atrial Approach



Trans-Atrial Approach



Minimally invasive epicardial lead 

placement

Å2 or 3 one cm incisions are made in the 
intercostal space
ÅThoracoscope inserted into one
ÅLead advanced through the other
ÅSelective intubation of right and left 

mainstem bronchi required
ÅAlternative to subxiphoid, thoracotomy and 

sternotomy approaches



Subcutaneous-ICD System

ÅDesigned to sense, 

detect and treat 

malignant ventricular 

tachyarrhythmias

ïPrimary Prevention

ïSecondary Prevention

ÅS-ICD System

is entirely 

subcutaneous

Burke, S-ICD, HRS 2012, Boston, MA



SC-ICD

ÅNo Fluoroscopy needed

ÅNo venous stick

ÅNo leads in the venous system

ÅNo leads in the heart

ÅNo leads across the heart valve



Leadless VVIR Pacemaker

ÅIntended for patients that 
have a Class I or II 
indication for a single-
chamber ventricular 
pacemaker



Compared to a Quarter

MicraTM



Or a Euro

NanostimTM



Typical Delivery System + Introducer



Radiographic Appearance



Post Extraction CRT Implant
Novel techniques & Technologies 
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Overview

Å Post-extraction challenges, need an individualized 

implantation strategy

Å Imaging:

Å Intra-procedural coronary venography important for assessing 

options

ÅSometimes pre-procedural imaging, in a staged procedure, may 

be useful

Å Coronary venous interventional strategies 

ÅVenoplasty & Stenting

Å Evolving LV endocardial pacing strategies



Re-implanting the LV lead
Potential Challenges

Tackling an unwilling anatomy

ÅVenous stenosis

ÅDistal Thrombotic Occlusion of Vein

Path of no return

ÅThrombotic occlusion of main branch

ÅNo alternative branches

ÅCoronary Sinus Occlusion



Venoplasty
Moving beyond residual venous stenosis 

Worley SJ et al. PACE 2008; 31:1503-5.



Altered Anatomy: Securing the Lead Proximally 
Stenting as an option

László Gellér et al. Heart Rhythm 2011; 8:845-50.



Intra-luminal Interaction
Stent, Vascular tissue & Lead

Å Explanted Heart 

examples

Å Intact intimal tissue 

layer seen

Å No sign of occluding 

proliferative tissue

Å No lead injury

Future Implications for

extraction? 

Å Manually extracted 

with gentle traction

Balazs T et al. J Cardiovasc Electrophysiol 2013; 24:468-70



Value of pre-procedural Imaging
Demonstrates options

Truong QA / Singh JP: Critical Pathways in Cardiology 2008; 7:185-90. Å23


