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• The implantable cardioverter-defibrillator (ICD) has

become the standard therapy for patients with aborted

SCD and those at high risk of developing potentially

letal ventricular tachyarrhythmias

ICD & SCD
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ICD reduces mortality by ~ 40% at 2-year follow-up                              

in randomized controlled trials



N Engl J Med 1980; 303: 322-4



Evolution of defibrillators

significant advances in ICD technology have been made



Modern transvenous ICDs are miniaturized pectoral devices connected to one or more leads inserted into the venous 

circulation, and are capable not only of defibrillation but also of pacing and cardiac resynchronization therapy (CRT).



• Despite the proven efficacy and the continuous 

technological advances of the transvenous ICD,  the

implantation of these devices continues to carry a 

non‐negligible  risk of acute & long‐term 

complications, which are essentially attributable to 

endovascular lead(s).

Transvenous ICD
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J Interv Card Electrophysiol 2014; 40: 191-205



Lead-related  adverse events during hospitalizations for implantation

2.8% - 3.6%

Lead-related  adverse events after hospitalization during 2-70 month fu

< 0.1% - 6.4%

- Pneumothorax

- Hemotorax
- Pericardial effusion / tamponade

- Lead dislodgement

- Central vein thrombosis &                 

Occlusion 

- Tricuspid valve insufficiency

- Systemic infections &                     

Endocarditis

- Lead malfunction due to insulation 

defects or lead fractures

- Consequent inappropriate / Ineffective 

therapies

- Recall/Withdrawal of the malfunctioning 

lead from market

Person R et al.  J Interv Card Electrophysiol 2014; 40: 191-205



• ICD leads are the most vulnerable component of the 

ICD systems, especially the RV defibrillation lead.               

It must remain chemically inert in an hostile biological

enviroment, withstand flexible for hundreds of millions

of cardiac cycles, and retain electricl integrity during

high voltage shocks.

ICD leads



ICD lead failure / Incidence

Atwater BD et al. Heart 2012; 98: 764-772



Annual Rate of Transvenous Defibrillation Lead Defects 

in Implantable Cardioverter-Defibrillators Over a 

Period of >10 Years

Thomas Kleemann, Torsten Becker, Klaus Doenges, Margit Vater, Jochen Senges, Steffen 

Schneider, Werner Saggau, Udo Weisse, and Karlheinz Seidl

Circulation 2007; 115: 2474-2480



Annual rate of defibrillation lead defects versus time after lead implantation 

Kleemann T et al. Circulation. 2007;115:2474-2480

2.9% 2.0% 2.6% 2.7% 3.9%

6.7%
8.3%

13.6% 13.8%

20.0%



This high rate of lead-related complications of the transvenous ICD with the consequent need for lead 

extraction and the potential risks of morbidity and mortality associated to this procedure has led 10 years 

ago to the development and introduction in clinical practice of the subcutaneous ICD

Evolution of Subcutaneous ICD



S-ICD  - Subcutaneous Implantable Cardiac Defibrillator

The S-ICD consists of a pulse generator implanted in the left mid-axillary line at the fifth intercostal space and an extravascular lead tunneled in the subcutaneous 

space from the lateral pocket medially to the xiphoid process and then cephalad to the sternum-manubrium just to the left or right of the parasternal margin.

The subcutaneous lead is equipped with two sensing electrodes separated by an 8‐cm shock coil, the proximal electrode usually being placed at the xiphoid process 

and the distal one at the sterno‐manubrium level



The device senses subcutaneous signals and detects cardiac rhythm from the two sensing electrodes or from both electrodes and the pulse generator. There are three 

available sensing vectors (primary: from proximal electrode to pulse generator; secondary: from distal electrode to pulse generator; alternate: from distal to proximal 

electrode). Arrhythmia detection is performed through the use of one of these three vectors. The system automatically selects the most appropriate vector after 

implantation, according to the highest R amplitude, the most satisfactory R wave/T wave ratio, and the best noise reduction, to avoid double counting of QRS and 

T‐wave oversensing



Not every patient is suitable for a S-ICD implantation. Patients have to pass an electrocardiographic screening test before implantation. The 

screening test consists of placing three ECG electrodes on the thorax at the sites where the generator and sensing electrodes of the S‐ICD are 

to be implanted, thus simulating the three sensing vectors of the S‐ICD. Electrocardiograms from each vector are then recorded at a paper 

speed of 25 mm/s at gains of 5, 10, and 20 mV for a period of 10 seconds in both supine and upright positions. Using the screening template 

provided by the manufacturer, the entire QRS and T wave of at least one electrocardiogram must fall within the shaded region of the 

template, at any gain in both positions, in order to qualify the patient as a candidate for the S‐ICD

S-ICD Preimplantation Electrocardiographic Screening



7-16%

patients fail the preimplant screening test 

and, therefore, do not qualify for the S-ICD

Preimplantation ECG screening test

Olde Nordkamp LR et al. J Cardiovascular Electrophysiol 2014; 25: 494-499

Groh CA et al. Heart Rhythm 2014; 11: 1361-1366

Randles DA et al. Europace 2014; 16: 1015-1021



Efficacy and Safety

S-ICD 



J Geriatr Cardiol 2018;  15: 222-228



Westerman SB et al. J Geriatr Cardiol 2018;  215: 222-228

The acute success rate in converting induced VF at implant is 98.7%-100% and the shock efficacy rate in converting spontaneous VT/VF 

during the follow-up is 97.1%-100%. These conversion rates are similar to those of contemporary studies on transvenous ICD systems.



J Cardiovasc Electrophysiol 2018;  29: 1010-1016



S‐ICD therapy. Kaplan‐Meier plot of the inappropriate shock rate (red) and 

appropriate shock rate (blue) during 6‐year follow‐up 

Quast AFBE et al. J Cardiovasc Electrophysiol 2018;  29: 1010-1016

the incidence of appropriate shocks is 4% at 1 year and 17% at 6 years and the incidence of inappropriate shocks is 8% at 1 year and 21% at 

6 years

8% 21% 4% 17%



Baalman SWE et al. Curr Cardiol Rep 2018;  20:72

An overview of clinical outcomes in transvenous and subcutaneous ICD pts

These rates are not significantly different from those reported for transvenous ICD



Quast AFBE et al. J Cardiovasc Electrophysiol 2018;  29: 1010-1016

The main cause of inappropriate shocks is T-wave oversensing in case of S-ICD, whereas it is supraventricular tachyarrhythmias in case of transvenous ICD



Baalman SWE et al. Curr Cardiol Rep 2018;  20:72



Baalman SWE et al. Curr Cardiol Rep 2018;  20:72



Baalman SWE et al. Curr Cardiol Rep 2018;  20:72



No electrode failures during the follow-up                     

nor any cases of S-ICD related bacteremia or endocarditis

have been reported for the S-ICD 

S-ICD / Complications





Advantges and disadvanteges of S-ICD

Sideris S et al. Hellenic J Cardiol 2017; 58: 4-16



Suitable candidates for S-ICD and TV-ICD

Ali H et al. Arrhythm Electrophysiol Rev 2015; 4: 116-121  



The need for antibradycardia pacing, ATP, or CRT            

at the time of ICD implantation is usually considered a 

contraindication for S-ICD. 

S-ICD / Contraindication



However, some patients with S-ICD may subsequently 

develop indication for cardiac pacing during follow-up.   

It is also possible that patients with traditional

pacemakers or CRT devices may subsequently require,

for different reasons, implantation of an S-ICD                   

or conversion from a transvenous ICD to an S-ICD. 

S-ICD / Need for cardiac pacing



How many are these patients 

?

S-ICD / Need for cardiac pacing



Am J Cardiol 2018; 122: 2068-2074



Cumulative event rates for the individual end points and combined end point. Solid line—combined end 
point; long dashed line—ATP therapy; squared dotted line—bradycardia pacing and CRT indication. 

ATP = antitachycardia pacing; CRT = cardiac resynchronization therapy.

Melles MC et al. Am J Cardiol 2018 122, 2068-2074

8% 

28% 



J Cardiovasc Electrophysiol 2017; 28: 544-548



Ip JE et al. J Cardiovasc Electrophysiol 2017; 28: 544-548



These interesting results provide valuable insight                       

into the possibility of using a transvenous PM/CRT device 

together with an S-ICD in the same patient.

PM/CRT devices + S-ICD 



PM+S-ICD / Possibilities of cross-talk 

• First, the pacemaker stimulus may be detected by the S-

ICD system, which may result in double counting

togheter with the QRS complex or even triple counting in

case of sequentially atrio-ventricular pacing.

• Second, in case of low amplitude VT/VF, detection of

stimulation spikes may decrease the S-ICD sensitivity,

which may lead to undersensing.



PM+S-ICD / Steps recommended (1)

• During implantation, S-ICD screening of native and

paced ECG morphologies should be performed.

The sensing vector that is least likely to have pacemaker

artifacts should be used.

• A bipolar stimulation configuration should be selected,

since the stimulation spike amplitude is lower than in

unipolar configuration.



PM+S-ICD / Steps recommended (2)

• Pacemakers that can automatically switch from a bipolar

into a unipolar pacemaker should not be combined with

S-ICD systems.

• A dual detection zone is recommended, as the conditional

shock zone contains longer blanking periods than the

non-conditional shock zone, which reduces the risk for

oversensing of stimulation spikes.



PM+S-ICD / Steps recommended (3)

• Whenever compatible with the patient’s need, the upper

tracking limit of the pacemeker should not exceed 100

bpm, and the conditional shock zone should start at 210-

220 bpm to avoid inappropriate shocks in case of double

counting.

• Dual-chamber PM algorithms that reduce ventricular

pacing may also reduce the risk of innapropriate shocks.



PM+S-ICD / Steps recommended (4)

• Sensitivity of pacemaker systems should be kept high for

a proper sensing of ventricular tachyarrhythmia and

withholding of pacing in VT due to undersensing.

• Septal pacing may be more suitable due to a narrower

QRS complex.

• Post-shock pacing of S-ICD should be deactivated.



PM+S-ICD / Steps recommended (5)

• At implantation, defibrillation threshold testing should be

performed to confirm appropriate VF sensing by the

pacemaker and the S-ICD.

• Since PM patients are prone to rate-dependent BBB,

an exercice test or high-rate atrial pacing is advised

as an additional optional that may reduce the risk of

inappropriate shocks.



Due to the risk of cross-talk, clinical experience regarding 

the concurrent use of pacemaker and S-ICD                         

has been quite limited so far

PM/CRT devices + S-ICD 



A pooled analysis of the IDE study and EFFORTLESS registry reported no 

adverse events during 2-year follow‐up in 19 patients who had a preexisting 

pacemaker and subsequently underwent S‐ICD implantation.

J Am Coll Cardiol 2015; 65: 1605-1615



Heart Rhythm 2015; 12: 2230-2238

In 3 patients with combined transvenous pacemaker and S‐ICD, Kuschyk et al. 

reported excellent functioning of both devices during follow‐up, without 

inappropriate shocks.



Pacing Clin Electrophysiol 2016; 39: 1240-1245

Huang et al. identified 4 S‐ICD patients with a coexisting transvenous 

pacemaker who did not experience any trouble during 1-year follow‐up.



Other sporadic problem‐free cases                                   

of combined use of transvenous PM and S-ICD         

have been reported in the literature

PM/CRT devices + S-ICD 

Porterfield C et al. Am J Cardiol 2015; 115:276-278

Steinberg C et al.  Heart Rhythm Case Reports 2015; 1: 419-423 

Gemein C et al. Europace  2016; 18: 1279



PM/CRT devices + S-ICD 

This initial experience provides some evidence               

that a transvenous pacemaker/CRT device can be used 

safely with an S‐ICD.



• An intriguing possibility is the concurrent implantation 

of a leadless pacemaker and an S‐ICD, which could 

allow the use of any intravascular lead to be avoided in 

pts requiring both cardiac pacing and defibrillation.

• This may particularly benefit pts without venous access 

or with recurrent lead and pocket complications, such as 

pocket infection, endocarditis or lead failure.

Leadless PM + S-ICD 



In the literature, there are as yet only seven reports             

of a patient with both an LP and an S‐ICD. 

Leadless PM + S-ICD 

Mondesert B et al. Heart Rhythm Case reports 2015; 1: 469-471 Tjong FVY et al. Europace 2016; 18: 1740-1747                     

Ahmed FZ et al. Can J Cardiol 2017; 33: 1066.e%-1066.e7 Ito R et al. J Arrhythm 2019; 35: 311-313                               

Ng JB et al. J Arrhythm 2019; 35: 136-138 Baroni M et al. J Electrocardiol 2019; 54: 43-46                                      

Ljungstrom E et al. J Electrocardiol 2019; 56: 1-3

S-ICD

Leadless 

PM



• At implantation, no interference between LP and S‐ICD             

was observed in any patient during normal rhythm, LP 

pacing or defibrillation threshold testing via the S‐ICD. 

• During the follow-up, effective defibrillation                     

was reported in all 3 pts who had spontaneous VT/VF

Leadless PM + S-ICD 



While LPs do not have the ability to defibrillate,               

they could perform ATP if appropriately programmed         

and triggered by the S-ICD. 

LPs / Possibility of ATP





Tjong FVY, Koop BE Herzschr Elektrophys 2018; 29: 355-361

The modular cardiac rhythm management (mCRM) system

a communicating antitachycardia pacing-enabled EMPOWER™ LCP and EMBLEM™  S-ICD system, that allows synchronized pacing, in particular leadless ATP,  

and defibrillator therapy.



Device–device communication of the mCRM system

Tjong FVY, Koop BE Herzschr Elektrophys 2018; 29: 355-361

The S-ICD pulse generator, when recognizes a tachyarrhythmia episode using its usual detection criteria, sends bursts pulses of 0.5-4 volts amplitude and  25 

kiloherz frequency from the shock coil to the generator can in coincidence with the R-wave. The LCP senses these conducted signals via its cathode and anode and 

performs ATP therapy according to programmed parameters.



of the 

Modular 

CRM system



Tjong FVY et al JACC Clin Electrophsiol 2017; 3: 1487-1498



Modular CRM system

• These data are encouraging and will prompt further

research into the safety and efficacy of this novel

approach, especially in human beings.

• Clinical studies of the modular Cardiac Rhythm

Management sistem in patients are expected to

commence this year



Conclusions (1)

• According to the the literature data currently available,

the combined use of transvenous PM/CRT with S‐ICDs

seems to be feasible and safe.

• This will likely lead to a further expansion of current

indications for S‐ICD.



Conclusions (2)

• Moreover, some recent reports also pave the way for the

concurrent implantation of LPs and S‐ICDs.

• Although still in an early experimental stage, this

therapeutic option has the potential to provide full

bradycardia and tachycardia therapy without permanent

transvenous leads, ushering in a new era in device‐based

cardiac rhythm management.




