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ICD therapy is well established and successful, 
but still associated with complications 

Single
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Chamber
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R.E. Kirkfeldt et al. Eur Heart J 2014

N = 5918

CumulativeCumulative incidenceincidence complicationscomplications in in DanishDanish registryregistry

15.5% re-operation at 6 yrs

Ranasinghe. AHA 2014 Abstract 20158 

N = 114 649 

83% primary prevention

ReRe--operations in NCDR ICD operations in NCDR ICD RegistryRegistry

Tarakji KG et al  Europace 2014

32% 1-yr mortality

10% 1-yr mortality

Transvenous lead related complications associated 
with significant morbidity and mortality  

MortalityMortality afterafter TV lead TV lead infectioninfection / / extractionextraction

Entirely Subcutaneous ICD S-ICD System Components:
Q-TRAK™ Electrode

Cable core designCable core designCable core designCable core design
(distal sense connection)(distal sense connection)(distal sense connection)(distal sense connection)

4 connections to coil4 connections to coil4 connections to coil4 connections to coil
(2 distal / 2 proximal)(2 distal / 2 proximal)(2 distal / 2 proximal)(2 distal / 2 proximal)

Proximal Sense RingProximal Sense RingProximal Sense RingProximal Sense Ring
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Real World Experience with the Subcutaneous ICD in 
the United States: 

The S-ICD Post-Market Approval Study

Michael R Gold MD, PhD, Johan D. Aasbo, DO, FHRS, Mikhael F. El-Chami, 
MD, FHRS, Mark Niebauer, MD, PhD, FHRS, John Herre, MD,  Jordan M. 

Prutkin, MD, FHRS, Bradley P. Knight, MD, FHRS, Steven Kutalek, MD, FHRS, 
Kevin Hsu, MD, FHRS, Raul Weiss, MD,  FHRS, Eric Bass,  Michael Husby, 

MS, MPH, Timothy M. Stivland, MBA, Martin C. Burke, DO

and all PAS investigators

Heart Rhythm. 2017 May 11. pii: S1547-5271(17)30594-5. doi: 10.1016/j.hrthm.2017.05.016

Reasons for S-ICD Device Choice
(N=1637, multiple reasons could be chosen)
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“S-ICD was only option” 

8.8%

“S-ICD or TV-ICD was suitable” 

91.2%

Heart Rhythm. 2017 May 11. pii: S1547-5271(17)30594-5. doi: 10.1016/j.hrthm.2017.05.016

30-Day Complications

Predictors of 

Complications by 
Multivariate Modeling:

• Younger Age

• Higher BMI

• Diabetes

Odds Ratio ±

95% CI

Complication-Free Rate = 96.2%

Odds Ratio 

(95% CI)
P-value

0.98 (0.96 – 1.00) 0.0496

1.79 (0.92 – 3.46) 0.0866

1.43 (0.81 – 2.53) 0.2177

0.97 (0.90 – 1.05) 0.4418

1.03 (1.00 – 1.06) 0.0256

0.98 (0.96 – 1.01) 0.1613

0.65 (0.34 – 1.24) 0.1888

0.71 (0.37 – 1.34) 0.2905

1.96 (1.10 – 3.48) 0.0215

0.85 (0.38 – 1.88) 0.6827

1.91 (0.90 – 4.08) 0.0926

1.86 (1.00 – 3.45) 0.0508

VARIABLE

Age (years)

Female

African American

Height (in)

BMI kg/m2

Ejection Fraction

Myocardial Infarction

NYHA II/III/IV

Diabetes

Dialysis at baseline

Prior TV Extraction

Antiplatelet/Anticoagulation

Heart Rhythm. 2017 May 11. pii: S1547-5271(17)30594-5. doi: 10.1016/j.hrthm.2017.05.016

Performance of the subcutaneous implantable 
cardioverter defibrillator in primary prevention 

patients

Lucas V. A. Boersma, MD, PhD, Craig S. Barr, MD, Martin Burke, DO, Angel 
R. Leon, MD, Dominic A. Theuns, PhD, John M. Herre, MD, Raul Weiss, MD, 

Mayer Rashtian, MD, FACS, Mark S. Kremers, MD, Petr Neuzil, MD, PhD, 
Michael P. Husby, MS, Nathan Carter, MS, Tim Stivland and Michael R. 

Gold, MD, PhD. 

St. Antonius Ziekenhuis, Nieuwegein, Netherlands, Russells Hall Hospital, Dudley, United Kingdom, 
University of Chicago Hospitals, Chicago, IL, Emory University, Atlanta, GA, Erasmus MC, Rotterdam, 
Netherlands, Cardiology Consultants, Ltd., Norfolk, VA, Ohio State University Medical Center - Div. of 

Cardiovascular Medicine, Columbus, OH, Foothill Cardiology, Pasadena, CA, Novant Heart and Vascular 
Institute, Charlotte, NC, Na Homolce Hospital, Prague 5, Czech Republic, Boston Scientific, St Paul, MN, 

Medical University of South Carolina, Charleston, SC

Heart Rhythm Journal http://dx.doi.org/10.1016/j.hrthm.2016.11.025

ComplicationsComplicationsComplicationsComplications

Primary # at Risk 599 540 492 478 442 406 360 270 189 132 92 66 60

(%) 99.5 93.8 92.5 92.3 91.5 90.9 90.4 90.1 90.1 90.1 90.1 90.1 88.7

Secondary # at Risk 247 221 210 200 179 162 142 122 93 65 54 41 36

(%) 98.0 92.8 91.9 91.5 91.0 91.0 91.0 90.3 89.5 88.5 88.5 88.5 88.5

PPrEF # at Risk 377 341 308 300 279 260 231 169 111 72 49 35 32

(%) 99.5 94.7 92.9 92.6 92.0 91.7 90.9 90.5 90.5 90.5 90.5 90.5 87.8

PPpEF # at Risk 147 130 123 120 111 97 83 66 52 40 28 21 18

(%) 99.3 92.5 92.5 92.5 91.6 91.6 91.6 91.6 91.6 91.6 91.6 91.6 91.6

PP vs SP PPrEF vs PPpEF

• Complications occur early, during and after implant

• Rates are low and consistent across groups
Heart Rhythm Journal 

http://dx.doi.org/10.1016/j.hrthm.2016.11.025

Inappropriate Shocks

• Independent of PP or SP indication or etiology

• Inappropriate shock lower by dual zone programming

PP – Dual Zone # at Risk 472 436 395 373 341 308 267 185 113 72 53 39 35

(%) 99.8 96.7 95.8 93.6 92.6 92.0 91.7 91.7 91.2 90.4 90.4 88.5 88.5

PP – Single Zone # at Risk 114 104 94 87 82 82 78 70 60 47 30 23 20

(%) 100 93.8 89.3 85.5 82.5 82.5 82.5 81.4 79.1 79.1 79.1 79.1 79.1

SP – Dual Zone # at Risk 198 181 165 157 137 124 102 85 59 40 32 23 20

(%) 100 97.4 94.1 93.5 91.0 89.6 87.3 87.3 86.2 86.2 86.2 86.2 86.2

SP- Single Zone # at Risk 46 40 38 38 35 31 30 29 27 19 14 11 9

(%) 100 88.9 88.9 88.9 86.5 81.5 81.5 81.5 81.5 77.8 77.8 77.8 77.8

PPrEF – Dual # at Risk 305 281 252 240 223 205 179 121 68 42 32 22 19

(%) 99.7 96.3 95.3 93.4 92.6 92.1 91.7 91.7 91.7 91.7 91.7 88.5 88.5

PPrEF – Single # at Risk 66 61 55 50 46 46 43 39 33 25 15 12 12

(%) 100 95.4 89.1 84.2 80.7 80.7 80.7 80.7 78.7 78.7 78.7 78.7 78.7

PPpEF – Dual # at Risk 112 104 96 91 81 67 55 39 27 18 12 9 8

(%) 100 98.1 97.2 94.1 92.0 90.9 90.9 90.9 90.9 90.9 90.9 90.9 90.9

PPpEF – Single # at Risk 32 28 26 24 23 23 22 20 18 16 11 9 7

(%) 100 90.6 87.3 83.9 80.4 80.4 80.4 76.8 72.9 72.9 72.9 72.9 72.9

PP vs SP PPrEF vs PPpEF

Heart Rhythm Journal 

http://dx.doi.org/10.1016/j.hrthm.2016.11.025
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Primary Prevention                Secondary Prevention

Appropriate Therapy for VT/VFAppropriate Therapy for VT/VFAppropriate Therapy for VT/VFAppropriate Therapy for VT/VF

Primary # at Risk 597 563 513 490 456 419 375 281 194 134 95 68 60

(%) 100 99.0 97.7 96.8 96.4 96.1 95.7 95.1 94.6 94.0 93.1 92.1 92.1

Secondary # at Risk 252 226 212 200 178 162 138 120 90 64 52 39 37

(%) 100 95.5 93.8 91.5 90.1 89.0 87.3 87.3 86.4 84.2 84.2 84.2 84.2

PPrEF # at Risk 376 354 320 304 284 264 236 171 109 68 47 33 30

(%) 100 99.2 97.5 95.9 95.3 95.0 94.2 93.3 93.3 92.2 90.4 88.4 88.4

PPpEF # at Risk 146 138 129 125 116 100 87 70 54 43 31 23 19

(%) 100 99.3 98.6 97.8 97.8 97.8 97.8 97.8 96.2 96.2 96.2 96.2 96.2

• SP pts more need for appropriate therapy than PP pts

• PPrEF more need for appropriate therapy than PPpEF

PP vs SP PPrEF vs PPpEF

Heart Rhythm Journal 

http://dx.doi.org/10.1016/j.hrthm.2016.11.025

PPpEF PPrEF

MortalityMortalityMortalityMortality

Primary # at Risk 602 569 525 507 474 438 393 296 206 144 102 74 66

(%) 100 99.7 98.9 98.2 97.6 97.6 97.1 96.5 96.5 95.9 94.5 94.5 94.5

Secondary # at Risk 252 237 225 216 195 178 155 134 102 74 61 46 41

(%) 100 99.6 99.6 98.7 98.7 98.7 98.1 98.1 97.2 96.1 96.1 96.1 96.1

PPrEF # at Risk 379 357 328 317 298 279 251 184 118 76 53 38 35

(%) 100 99.7 98.6 97.4 96.4 96.4 95.7 94.8 94.8 93.7 91.0 91.0 91.0

PPpEF # at Risk 148 139 131 128 119 103 89 71 56 44 31 23 19

(%) 100 100 100 100 100 100 100 100 100 100 100 100 100

• Mortality was low for all indications and etiologies

• Mortality was highest in the PPrEF group (3.0%/year)

PP vs SP PPrEF vs PPpEF

PPpEF PPrEF

Heart Rhythm Journal 

http://dx.doi.org/10.1016/j.hrthm.2016.11.025

Appropriate 

Shock for 

Clinical 

Event of 

Ventricular 

Fibrillation

EMBLEM™ MRI SEMBLEM™ MRI SEMBLEM™ MRI SEMBLEM™ MRI S----ICD System is ICD System is ICD System is ICD System is ImageReadyImageReadyImageReadyImageReady™™™™

EMBLEM MRI S-ICD System provides full-body MR-

conditional scan capabilities for a 1.5T  

environment*21,22

*When conditions of use are met

�1.5T MR-Conditional

�Automatic MRI Timeout Mode

�No exclusions zone

�No time limitations during MRI scan21,22

�No patient restrictions 

�Simple programmer interface

�Dedicated MRI report for clinic documentation

�MRI mode viewable on LATITUDE™

�Updated MR-conditional label for EMBLEM S-ICD 

System with any S-ICD electrode

Moore’s Law in healthcare
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Leadless Pacing: Technology AdvancesLeadless Pacing: Technology AdvancesLeadless Pacing: Technology AdvancesLeadless Pacing: Technology Advances

Source: FDA

Indications and ComplicationsIndications and ComplicationsIndications and ComplicationsIndications and Complications

Reynolds et al. NEJM 2017

LCP implant steps:LCP implant steps:

1)1) RV RV angioangio

2)2) 21F introducer21F introducer

3)3) Delivery catheter + LCPDelivery catheter + LCP

•• TelescopeTelescope

4)4) DeploymentDeployment

5)5) Tug testTug test

6)6) ReleaseRelease

Implant Technique

Tjong et al. JACC 2017

Worldwide Leadless Pacemaker OptionsWorldwide Leadless Pacemaker OptionsWorldwide Leadless Pacemaker OptionsWorldwide Leadless Pacemaker Options

• Nanostim (Abbott) remains 
unapproved in US.

• Premature battery depletion

• Proximal cap dislodgements

• Micra (Medtronic) available in 
limited US rollout (expanding)

• Lacks AV synchronous pacing at 
this time.

• Still Chained to Heart

Reynolds et al. NEJM 2017

Lakkireddy et al. Heart Rhythm 2017

How does an MBAN system operate?
• A typical MBAN consists of:

• a master programmer/control transmitter (“hub device”), 

• one or more client transmitters (“body sensors”), which are worn on the body 
and only transmit while maintaining communication with the hub that 
controls the transmissions. 

• The hub conveys data messages to the body-worn sensors to specify, for 
example, the transmit frequency that should be used. The hub and sensor 
devices will transmit in the 2360-2400 MHz band. 

IEEE, 2008

Need More Power: Battery Technology Need More Power: Battery Technology Need More Power: Battery Technology Need More Power: Battery Technology 

IEEE, 2008



2/12/2018

5

Combined implant of Communicating
ATP-enabled Leadless Pacemaker and S-ICD

Burke, Tjong, Knops et al. 

Europace HRC 2016

Application of S-ICD is limited due to lack of pacing capability

Kleemann et al. Europace 2015

Anti-tachy pacing: No solution

Substantial ICD subgroup benefits from 
ATP therapy 

N =1398

Bradypacing: 

Limited evidence of S-ICD with LCP 
& TV-Pacers

Prospective registry data from single center in Germany

Tjong et al. Europace 2016

Tjong, Burke et al. JACC 2016

Modular Devices/Medical Body Network
EBR Pacing System (Hybrid)EBR Pacing System (Hybrid)EBR Pacing System (Hybrid)EBR Pacing System (Hybrid)

• CRT hybrid

• Pilot studies suggest 
improved CRT response 
in non-responders

• Inductive energy 
transfer

• Miniaturization

Not FDA Approved for Human Use – Seeking IDE 
Reddy VY et al. JACC 2017

The AtaCor Pacing System…The AtaCor Pacing System…The AtaCor Pacing System…The AtaCor Pacing System…

Not approved for human use

29

PROVEN PACING THERAPY…

Without Touching the Heart

REMOVAL…

Without Risking Trauma to the Vessels or Heart

Transcutaneous Pacing @ 200mA

Human Studies: Method 2Human Studies: Method 2Human Studies: Method 2Human Studies: Method 2
Transcutaneous Pacing Leads to Skeletal Muscle StimulationTranscutaneous Pacing Leads to Skeletal Muscle StimulationTranscutaneous Pacing Leads to Skeletal Muscle StimulationTranscutaneous Pacing Leads to Skeletal Muscle Stimulation

30 PACING OFF →→→→←←←← PACING ON
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Intracostal Pacing:  2.7V @ 2.0ms
(capture threshold)

Human Studies: Method 2Human Studies: Method 2Human Studies: Method 2Human Studies: Method 2
Intracostal Pacing Without Skeletal Muscle StimulationIntracostal Pacing Without Skeletal Muscle StimulationIntracostal Pacing Without Skeletal Muscle StimulationIntracostal Pacing Without Skeletal Muscle Stimulation

31 PACING OFF →→→→←←←← PACING ON

Intracostal Pacing WorksIntracostal Pacing WorksIntracostal Pacing WorksIntracostal Pacing Works

Knops, Burke et al. Heart Rhythm 2017 (abstract)

• Intracostal pacing can reliably 
pace the heart…

• With reasonable pacing 
energies

• Without leads in or on the 
heart

• Without skeletal muscle 
stimulation

32

• T H E  F I R S T  O F  I T S  K I N D  I N  
H E A LT H C A R E .

• T H E  F I R S T  O F  I T S  K I N D  I N  
H E A LT H C A R E .

Personalized Physiology

Analytics

Personalized Physiology

Analytics

Gary Conkright, Co-

founder/CEO, physIQ

October 2, 2015

Gary Conkright, Co-

founder/CEO, physIQ

October 2, 2015

Courtesy of St Jude Medical

Individual Intelligence


