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Inappropriate shocks: a relevant issue
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Main causes of Inappropriate Shocks



Main causes of Inappropriate Shocks

Van Rees JB, JACC 2011; 57:556-62
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76%
of IS are the result ofdevice misclassification



IL PARADOSSO DEGLI SHOCKPrognostic impact in MADIT II and SCD-HeFT

Poole JE, N Engl J Med. 2008;359(10):1009-1017

Inappropriate shockswere associated with anear doubling of the riskof death.

Daubert PJ, J Am Coll Cardiol 2008;51:1357–65)



HCM patients with ICDs suffer frompoor HRQL regardless of age, sex,or primary vs secondary preventionindication. Atrial fibrillation andsystolic heart failure aredeterminants of poor physicalhealth. Inappropriate shocks, butnot appropriate therapies, areassociated with poorer mentalhealth.

Magnusson et al. Health and Quality of Life Outcomes (2016) 14:62

IS shocks decrease QoL



Healthcare Utilization and Expenditures Associated With Appropriate andInappropriate Implantable Defibrillator Shocks

Turakhia MP Circ Cardiovasc Qual Outcomes. 2017;10:e002210.



Strategies to reduce inappropriate shocks



Effects of prolonged Tachycardia detection on IS



MADIT-RIT

Hypothesis: programming devices to deliver therapy at ≥ 200 bpm or to increase the duration ofthe monitoring delay before the initiation of therapy would decrease the number of patientsreceiving inappropriate therapies without increasing morbidity or mortality, as compared withconventional programming.

Conventional therapy (N=514) High Rate Therapy (N=500) Delayed Therapy (N=486)

Zone 1: >170 bpm,2.5 s delay Zone 1: >170 bpm:monitor only Zone 1: >170 bpm,60s delay
Zone 2: >200 bpm,1s delay Zone 2: >200 bpm,2.5 s delay Zone 2: >200 bpm,12s delay

Zone 3: >250 bpm,2.5s delay

Moss A , NEJM 2012; 367:2275-83



Results
MADIT-RIT



MADIT-RIT



Manufacturer Algorithm
BIOTRONIC Pr logic
BOSTON Rhythm ID
MEDTRONIC SST
ABBOTT Smart
MICROPORT Parad +

Onset

Stability

Morphology

Supraventricular Tachycardia discriminators



The adoption of novel enhanced detection algorithms in conjunction with routine implementation ofmodern programming strategies led to a low inappropriate shock rate.

Dual/triple chamber Single chamber

PurposeTo investigate new-generation ICDs to reduce inappropriate and unnecessary shocks through noveldiscrimination algorithms with modern programming strategies.

1,5% 2,8% 2,5% 3,7%

Auricchio A, Heart Rhythm 2015;12:926–936

PainFree SST



Purposeassess IS reduction with the PARAD+ discrimination algorithm in a wide spectrum offrequencies without the programming of a high cut-off rate and/or extended persistence.

The annual patient incidence rate of IS ranged from 1.0 (primary analysis) to 2.1 (worst-caseanalysis) per 100 person-years.

DR-ICD or CRT-ICD

ISIS Study

Ruiz-Granell R, Heart Rhythm 2019;16:1429–1435



IDE Study2013 EffortlessRegistry 2017 SMART PassStudy 2018 Praetorian2020 UNTOUCHED2020, ADVANCE IIILong Det(30/40)
ADVANCE IIIStandard Det(18/24)

MADIT-RIT

Inappropriate shocks in S-ICD
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• Overall rate of inappropriate shocks did not differ between S-ICD and TV-ICD.• The rate of IAS due to SVT was significantly higher in TV-ICD than S-ICD.• The rate of IAS due to T-wave oversensing (TWOS) was significantly higher in S-ICD* than TV-ICD.

P=0.60
P=0.0008

P=0.0001

Basu-Ray I, JACC EP 2017

S-ICD vs TV ICDMeta-Analysis



Class I & IIa indication noneed for pacing

S-ICD
Median follow up 48 months

Primary Endpoint: Non-InferiorityComplications + Inappropriate shocks

TV-ICD

n=849

Prospective Randomized

vs

PRAETORIAN Study

KNOPS, NEJM 2020; 383:526-536



• Key Points• The IAS rate is nearly identical for the first 2 yearswhich includes data from the EMBLEM S-ICDdevices. The early implant with Gen 2011 S-ICD arelikely driving the curves to separate after 2 years.

No significant difference in rate of IAS, whichwere low for both the S-ICD & TV-ICD groups
 4.1% at 1 year in the TV-ICD arm vs 4.8% in the S-ICD arm P = 0.140

PRAETORIAN Study

KNOPS, NEJM 2020; 383:526-536



• Key Points• The rate of IAS due to Afib was higher in TV-ICD thanS-ICD.• The rate of IAS due to oversensing was higher in S-ICD than TV-ICD. The SMART Pass™ sensing filter, which hasbeen shown to reduce IAS by 68%, was enabledin only 11% of S-ICD patients at the time ofinappropriate shock.

At 4 years (median) S-ICD(n = 426) TV-ICD(n = 423)
Primary compositeendpoint 68 (15.1%) 68 (15.7%)
Inappropriate shock 41 (9.7%) 29 (7.3%)
− AF/SVT 15 27
− Cardiac oversensing 20 2
− Noncardiacoversensing 8 0

Causes of Inappropriate Shocks

PRAETORIAN Study

KNOPS, NEJM 2020; 383:526-536



Design Objective Endpoint #pts
Post-approval, global, non-mandated, single arm,multicentre, prospective.

Compare, in primary prevention patients with EF ≤35%, the incidence of inappropriate shocks (during 18months) with the EMBLEM S-ICD. Devices areprogrammed with zone cut-offs at 200 and 250, andcompared to objective performance criteria derivedfrom contemporary data on transvenous ICDsprogrammed to minimize shocks.

Primary effectiveness endpoint is freedomfrom inappropriate shocks at 18 monthscompared to a performance goal of 91.6%. 1,111

Hypothesis: The incidence of IAS for S-ICD in primaryprevention, LVEF ≤ 35% patients will be non-inferior tothe rate in TV-ICD patients with similar programmingobserved in MADIT-RIT high rate and long duration arms.

UNTOUCHED Study

GOLD MR, Circulation 2021;143:7–17



• Key points
• The IAS rate of S-ICD’s was comparable to the rate ofIAS observed in other contemporary studies with TV-ICDs including the PRAETORIAN trial

Inappropriate shocks (IAS)

5.0% 4.8%
6.4%

4.1%
3.1% 2.4%

MADIT RITDR ICD ADVANCE III(30/40 NID) Meta-analysis VRICD
PRAETORIANTV-ICD UNTOUCHEDEmblem S-ICD

UNTOUCHEDS-ICD w/SMART Pass

Rate IAS TV-ICD vs S-ICD*1,9-11(1 year)
Low rate of IAS in Primary Prevention low EF 3.1% overall rate of IAS at 1 year12 2.4% at 1 year in patients who received an EMBLEMMRI w/ SMART Pass™ Filter 12

UNTOUCHED Study

KNOPS, NEJM 2020; 383:526-536



Subcutaneous vs Transvenous ICD
A Systematic Review and Meta-Analysisof Randomized Trials and PropensityScore–Matched Studies

Forest plots for inappropriate shocks

Fong KY J Am Heart Assoc. 2022;11:e024756.



Subcutaneous vs Transvenous ICD
Cardiac oversensingas a cause of inappropriateshocks

SVT or AFas a cause of inappropriateshocks

Fong KY J Am Heart Assoc. 2022;11:e024756.



Inappropriate Shocks Reduction by Remote ICD MonitoringECOST Trial

Guedon-Moreau L, J Cardiovasc Electrophysiol 2014, 25:763-770



Quantification of Electromechanical Coupling to Prevent Inappropriate Implantable Cardioverter-Defibrillator Shocks: The future?
The study tested a novel processing algorithm that combineselectrogram data and laser Doppler perfusion monitoring as a methodfor assessing circulatory status.

The electromechanical coupling algorithm found a clear perfusion cutoff between sinus rhythm and VF (sensitivity and specificity of 100%).

Sensitivity and specificity remained at 100% during simulated leadfracture and electrogram oversensing.

Incorporating such methods into future ICDs may permit reductions ofinappropriate shocks.

Keene D, J Am Coll Cardiol EP 2019;5:705–15





Ecost Trial
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IL PARADOSSO DEGLI SHOCK
• La terapia dell’ICD si associa ad aumento della mortalità

– MADIT II• shock appropriati associati a rischio di mortalità triplo e aumento delle ospedalizzazioni;• shock inappropriati associati a mortalità doppia
– SCD-HeFT• shock appropriati e inappropiati associati rispettivamente a a rischio di morte di 6 e 2volte superioreRelazione causale tra terapia e aumentata mortalità o marker di cattivaprognosi?



HOWEVER ICD SHOCKS MAY INCREASE
MORBIDITY AND MORTALITY

Patients who receive shocks (appropriate and/or inappropriate) have asubstantially higher risk of death than similar patients who do notreceive any shocks.

Poole JE,et al. N Engl J Med. 2008;359(10):1009-1017

An appropriateshock, as comparedwith no appropriateshock, wasassociated with a riskthat was increasedby a factor of morethan 5

An inappropriate shock, as comparedwith no inappropriate shock, wasassociated with a near doubling of therisk of death.

In patients who received both shocktypes, the risk of death was increased bya factor of 11, as compared with therisk in patients who received no shocks.



IL PARADOSSO DEGLI SHOCK
– SCD-HeFT– An appropriate shock, ascompared with no appropriateshock, was associated with arisk that was increased by afactor of more than 5
– An inappropriate shock, ascompared with noinappropriate shock, wasassociated with a neardoubling of the risk of death.

The shocks paradox

Poole JE, N Engl J Med. 2008;359(10):1009-1017



IL PARADOSSO DEGLI SHOCK

– SCD-HeFT– An appropriate shock, ascompared with no appropriateshock, was associated with arisk that was increased by afactor of more than 5
– An inappropriate shock, ascompared with noinappropriate shock, wasassociated with a neardoubling of the risk of death.

Prognostic impact

Poole JE, N Engl J Med. 2008;359(10):1009-1017

– MADIT IIappropriate shocks associatedwith a risk that was increased by afactor of 3
inappropriate shock associatedwith a near doubling of the risk ofdeath.

Daubert PJ, J Am Coll Cardiol 2008;51:1357–65)



IL PARADOSSO DEGLI SHOCK

– SCD-HeFT– An inappropriate shockwas associated with anear doubling of the riskof death.

Prognostic impact

Poole JE, N Engl J Med. 2008;359(10):1009-1017

– MADIT II
inappropriate shockassociated with a neardoubling of the risk ofdeath.

Daubert PJ, J Am Coll Cardiol 2008;51:1357–65)



VT zone 170-199 bpm, delay 2,5 secVF zone >200 bpm, ritardo 1 sec

TV zone monitor 170-199 bpmVF zone >200 bpm, ritardo 2,5 sec

TV 170-199 bpm, delay 60 secVF >200 bpm, delay 12 secZona FV >250 bpm, ritardo 2,5 sec

Conventional.

End point I: prima occorrenza di terapia inappropriataEnd point II: morte per ogni causa e primo episodio di sincope

High rate

Delayed



The purpose of this study was to assess ISreduction with the PARAD+ discriminationalgorithm in a general population implantedfor primary or secondary prevention.
1.Using PARAD+ alone in a wide spectrum offrequencies without the programming of ahigh cut-off rate and/or extended persistence,the annual patient incidence rate of IS rangedfrom 1.0 (primary analysis) to 2.1 (worst-caseanalysis) per 100 person-years.5



SUPRAVENTRICULAR TACHYCARDIA
DISCRIMINATORS (PAINFREE SST)

PainFree SST trial find only a light trend in favor of Dual-Chamberdiscriminators in inappropriate shock reduction

Many inappropriate shochswas due to atrial fibrillation orflutter (49% in dualChamber/CRT-D Group vs81% in Single chamber Group)

•2.790 pts in primary preventionPrimary Endpoint : point was thepercentage of patients receiving at least 1inappropriate shock@ 12 months
• Dual Chamber/CRTD Group = 2019• Single Chamber Group = 751

Heart Rhythm, Vol 12, No 5, May 2015
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INCIDENCE OF SHOCKS AND INAPPROPRIATE SHOCKS IN BIG TRIALS

By 4-5 years, approximately, 1/3 of patients have experiences (at least)one shock episode with 16-18% receiving at least one inappropriateshock

1-DaubertJP, et al. JACC 2008; 51:1357-1365.
2-BardyGH,et al. NEJM2005; 352;3:225-237.
3-Saxon, et al. Circulation 2006; 114; 2766-2772.
4-Saxon Leslie et al. Circulation 2010; 122:2359-2367.



HOW MANY SHOCKS DO ICD PATIENTS RECEIVE?
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INCIDENCE OF SHOCKS AND INAPPROPRIATE SHOCKS IN BIG TRIALS

By 4-5 years, approximately, 1/3 of patients have experiences (at least)one shock episode with 16-18% receiving at least one inappropriateshock

1-DaubertJP, et al. JACC 2008; 51:1357-1365.
2-BardyGH,et al. NEJM2005; 352;3:225-237.
3-Saxon, et al. Circulation 2006; 114; 2766-2772.
4-Saxon Leslie et al. Circulation 2010; 122:2359-2367.



agenda
• QUALITà DI VITA



SIGNIFICATO PROGNOSTICO DEGLISHOCK
Analisi retrospettiva dei dati di: PainFREE I e II, EMPIRIC e PREPARE2135 pz, FE media 31%, CAD 87%, NYHA II/III 55%, NYHA I/Non scompenso 42%

Sweeney et al, Heart Rhythm 2010; 7: 353-360

• Piu’ alta mortalità inpazienti con episodiventricolari e shock• Shock inappropriatinon associati adaumento di mortalità



PROLONGATION OF ARRHYTHMIA DETECTION TIME(ADVANCE III)

ADVANCE III demonstrated that the use of a long detection setting significantly reduced therate of ventricular therapies delivered and inappropriate shocks compared with the standarddetection settings.

Gasparini M et al JAMA 2013

•1.902 pts in primary & secondary prevention• ICD (VR+DR) & CRT-D population• Primary Endpoint : prolonged detection(30 /40 intervals) would lead to a 20%reduction in ICD therapies (ATP or shocks )
• Secondary Endpoint : evaluation of thepercent reduction in the number of shocksdelivered

Unlike previous studies, ADVANCEIII included both primary andsecondary prevention patients, withor without atrial fibrillation, in whomsingle-, dual- and triple-chamberICD had been implanted



EndpoinT II shocks appropriati e nonappropriati



OBJECTIVE The purpose of the PainFreeSmartShock Technology (SST) study was toinvestigate new-generation ICDs to reduceinappropriate and unnecessary shocksthrough novel discrimination algorithms withmodern programming strategies.

the adoption of novel enhanced detectionalgorithms in conjunction with routineimplementation of modern programmingstrategies led to a very low inappropriateshock rate.



2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

1a Generazione
Studio per il marchioCE1 55 pazienti Sperimentazione IDE 132 pazienti

EFFORTLESS 1000 pazienti
Studio randomizzato PRAETORIAN – arruolamento di 850 pazienti

UNTOUCHED - arruolamento di 2000 pazienti

US Registry: 3717 ptsFriedman DJ; JAMA Cardiol.2016;1(8):900-911

2a Generazione

Inclusion inAHA/ACC/HRSguidelines(Class I )

Inclusion inESCguidelines(Class IIA)

PRAETORIANUNTOUCHEDPUBLISHED(1542 pts)

 2 incision tech. Intermuscolar appr. Automated screeningtool
New 3501lead

The S-ICD Evolution at a glance >> 100000 patients worldwide


