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Evolution des ICDs
LƳƳŜǊ ƪƭŜƛƴŜǊΧ LƳƳŜǊ ōŜǎǎŜǊΧ ƛƴǘǊŀƪŀǊŘƛŀƭΧ ŜȄǘǊŀƪŀǊŘƛŀƭΧ

Maron BJ et al., JACC 2023

S-ICD 2009

EV-ICD 2018



WARUM brauchen wir überhaupt extrakardiale Systeme?

Å Transvenous ICD have been the gold standard for 
     sudden cardiac death prevention 

Å Placingleadsoutside the heart/vasculature
mayreducecomplicationsand increaseICD accessibilty

Birnieet al., JACC 2019



WARUM brauchen wir überhaupt extrakardiale Systeme?
Risikostratifizierung

Birnieet al., JACC 2019



WARUM brauchen wir überhaupt extrakardiale Systeme?
Junges Patientalter - wiederholte Eingriffe - Limitationen 



WARUM brauchen wir überhaupt extrakardiale Systeme?
Innovative Klappeneingriffe, interventionelle Eingriffe an der 

¢ǊƛƪǳǎǇƛŘŀƭƪƭŀǇǇŜΣ [±!5Σ Χ



WARUM brauchen wir überhaupt extrakardiale Systeme?
Limitierte Venenzugänge ςDialyse ςErnährung -Χ



WARUM brauchen wir überhaupt extrakardiale Systeme?
SondenendokarditisΣ 9ƴŘƻƪŀǊŘƛǘƛǎΣ ΧΦΦ



WARUM brauchen wir überhaupt extrakardiale Systeme?
Perforationen, Hämatome, Wundheilungsstörungen

Thieme, 2023



WARUM brauchen wir überhaupt extrakardiale Systeme?
Chirurgische Vorteile bei extrakardialen Systemen?



WARUM brauchen wir überhaupt extrakardiale Systeme?
Chirurgische Vorteile bei extrakardialen Systemen?
!ǳŎƘ ƘƛŜǊ ƪǀƴƴŜƴ YƻƳǇƭƛƪŀǘƛƻƴŜƴ ŀǳŦǘǊŜǘŜƴΧΦ



Der subkutane ICD ςS-ICD
The systemdid not provide ATP or pacingςcurrently under developmentasmodular 

systemςhigherrate of inedaquateshocks

https://www.nejm.org/doi/full/10.1056
/NEJMoa2401807#



Der subkutane ICD ςS-ICD
The systemdid not provide ATP or pacingςcurrently under developmentasmodular 

system



Der subkutane ICD ςS-ICD
The systemdid not provide ATP or pacingςcurrently under developmentasmodular 

system



Der subkutane ICD ςS-ICD
The systemdid not provide ATP or pacingςcurrently under developmentasmodular 

system



Der subkutane ICD ςS-ICD
ATP and pacingvia modular system

https://www.nejm.org/doi/full/10.1056
/NEJMoa2401807#



The extravascular vision - Next generation single-chamber ICD

Provide a solution with the benefits of a single chamber transvenous 
ICD 

via a simple, single device solution for protection from SCD

ATP
Post Shock 

Pacing

Pause 
Prevention 

Pacing

DGK 2023 - Innovation Suite - Aurora EV-ICD
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ExtravascularICD ςEV-ICD

Fußzeile

12. 03.2026



EV-ICD ï Implantation

Friedman P. N Engl J Med 2022; 387: 1292-1302
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Im Vergleich ςtransvenös, subkutan, extravaskulärer ICD
EV-ICD ςbestof both worlds?

Fußzeile

12. 03.2026
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Im Vergleich ςtransvenös, subkutan, extravaskulärer ICD

Fußzeile

12. 03.2026



EV ICD Pivotal Study
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Medtronic EV ICD Pivotal Study

The New England Journal of Medicine
Conclusion ς In this prospective global study, we found that an extravascular ICD can be implanted safely and 
can detect and terminate induced ventricular arrhythmias at the time of implant.

70%
ATP-terminated episode success 
ǊŀǘŜϞΣ ŀǾƻƛŘƛƴƎ оо ǎƘƻŎƪǎ ƛƴ т 
patients

Primary safety 
objective met
92.6%patients free from major 
system or procedure-related 
complications at 6 months*, in line 

with S-ICD IDE2 and transvenous ICD 
studies3-8

Successful 
defibrillation
98.7%defibrillation success rate at 
implant meeting primary efficacy 
objective, 18/18 (100%) conversion of 
ǎǇƻƴǘŀƴŜƻǳǎ ŜǇƛǎƻŘŜǎϞ

Effectively terminated life-threatening rhythms with ATP and shocks 
while safely outside the vascular space1

*Kaplan-aŜƛŜǊ ŜǎǘƛƳŀǘŜΦ Ϟ¢ƘǊƻǳƎƘ ŀǾŜǊŀƎŜ млΦс-month follow-up.

1. Friedman P,  et al. NEJM. In press August 28 , 2022. 2. Weiss R, et al. Circulation. 2013;128:944-53. 3.  Bardy GH, et al.  NEJM. 2005;352:225-37. 4.  

Sweeney MO, et al. Heart Rhythm. 2010;7:1552-60. 5.  Curtis AB, et al. NEJM. 2013;369-579.  6 . Linde C, et al. JACC. 2008;52:1834-43. 7.  Gold MR, et al. 
JACC. 2015;65:2581-8. 8. Auricchio A, et al. Heart Rhythm. 2015;12:926-36.



EV ICD freedom from major complication rate in-line with S-ICD IDE and transvenous ICD 
studies

Medtronic EV ICD Pivotal Study

Å 92.6% of patients (Kaplan-Meier estimate) free from 
major complication at 6 months (p<0.001 compared to 
the safety performance goal of 79%)1

ÅS-ICD IDE study: 92.1%2

ÅTransvenous ICD studies: 85.4%-93.8%3-8

Å Adverse events to 6 months; 25 events in 23 patients
ÅSystem revision required: 18
ÅNo revision required: 7

Å No major intraprocedural or unique complications due to 
EV ICD

Å No reports of mediastinitis, sepsis, or endocarditis related 
to EV ICD

Å No procedure or system related deaths

Freedom from Major Complication (%)

1. Friedman P,  et al. NEJM. In press August 28 , 2022. 2. Weiss R, et al. Circulation. 2013;128:944-53. 3.  Bardy GH, et al.  
NEJM. 2005;352:225-37. 4.  Sweeney MO, et al.  Heart Rhythm. 2010;7 :1552-60. 5.  Curtis AB, et al. NEJM. 2013;369-579.  6 . 

Linde C, et al. JACC. 2008;52:1834-43. 7.  Gold MR, et al. JACC. 2015;65:2581-8. 8. Auricchio A, et al. Heart Rhythm. 
2015;12:926-36.

6-month freedom rate: 92.6%
One-sided 97.5% CI: 89.0%; P<0.001 vs 
performance of 79%

DGK 2023 - Innovation Suite - Aurora  EV-ICD



Primary Safety Endpoint Adverse Events

Å25 events in 23 Patients

ÅNo cardiac injury during implant

ÅNo unique complications related to EV 
ICD procedure/system

DGK 2023 - Innovation Suite - Aurora  EV-ICD



ÀDiscrete episodes are defined as less than or equal to two events within 24 hours.

1. Friedman P, et al. Circulation. 2025;151:322ï332.

Appropriate therapy 

through three years

EV ICD Pivotal Study long -term

results 1

Effective termination of VT/VF with 

9.2% of patients receiving 

appropriate ATP or shock

by three years follow-up

100% (27/27) discreteÀshock 

success of spontaneous episodes

26

Aurora EV-ICD system overview | November 2025



ÀKaplan-Meier estimate.

1. Friedman P, et al. Circulation. 2025;151:322ï332.

2. Swerdlow C, et al. JACC Clin Electrophysiol. 

2024;10:1896ï1912.

3. Aurora EV-ICD MRI SureScan DVEA3E4 

Device Manual.

Inappropriate shock rate from the 

investigational Pivotal Study device

EV ICD Pivotal Study long -term

results 1

ÅInappropriate shock 

rate of 9.8% was 

observed at one year 

follow-upÀ; the rate 

slows after six months

ÅP-wave oversensing was 

the most common

cause of inappropriate 

shock (51% of episodes)

The EV ICD Pivotal Study inappropriate 

shock performance is not representative 

of the commercial system performance.

ÅAurora EV-ICD has the Smart Sense 

discrimination algorithm which showed 

a 29% projected reduction in the 

number of patients with inappropriate 

detection in preclinical validation.2

ÅRepositioning the lead at implant to 

meet P-wave and R-wave criteria may 

reduce cardiac oversensing3 and the 

risk of inappropriate shock.

ÅReprogramming the device 

parameters for sensing and 

detection discrimination may 

prevent inappropriate shock.1

Enlighten: The EV-ICD Post Approval 

Registry is evaluating the real-world 

performance of the Aurora EV-ICD 

system. Results of the commercial 

system are shown in subsequent slides.
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Crozier I. Real-world safety and efficacy of the extravascular ICD through six months: Outcomes from the 
Enlighten study post approval registry; late-breaking results. Presented at: APHRS 2025; November 13, 2025; 
Yokohama, Japan.

Objective: assess the real-world safety s  performance of the Aurora EV-ICD system through 6 
months



Studydesignand methods

ÅEnlightenis a global,multicenter,prospective,post-
market registrystudyassessingsafetyandperformanceof 
the AuroraEV-ICDsystemthroughthe life of the device

ÅCharacterizeperiproceduraloutcomes

ÅUpdateon primaryendpoint:Rateof chronic(>30 days), 
system-relatedmajorcomplicationsϞat 6 months 
(excludinginfectionsandinfestations)

ÅRateof appropriateand inappropriatetherapyat 6 months 
includinga characterizationof shockandATPtherapy

ÅSummarydata is providedthroughall availablefollow-up

Å6-month ratesweredeterminedwith the Kaplan-Meier method

786 patients with 

an implant attempt

hospitalizationbyҗпуH, or systemrevision

November13, 2025
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168 implanters 23 countries

112 centers

Enlighten Study by the numbers

ϞMajorcomplicationdefinedas a complicationthat resultsin: death,permanentloss of devicefunctiondueto mechanicalor electricaldysfunctionof the device,hospitalization,extensionof a



Characteristic
Enlighten 
(N=786)

Pivotal1 

(N=316)

Mean ageҕSD(years) 49.0ҕ15.2 53.8Ñ13.1

Female 225 (28.6%) 80 (25.3%)

SecondaryPreventionϞ 268 (34.1%) 57 (18.0%)

NYHAFunctionalClassIII or IV 58/784 (7.4%) 23 (7.3%)

Mean BMIҕSD(kg/m2) 27.4Ñ5.8 (N=779) 28.0Ñ5.6

Mean LVEFҕSD(%) 44.8Ñ16.0 (N=708) 38.9Ñ15.4

Cardiomyopathy

Ischemic

Non-ischemic

526/786 (66.9%)

165/786 (21.0%)

222/786 (28.2%)

266 (84.2%)

127 (40.2%)

103 (32.6%)

Hypertrophic 146/786 (18.6%) 41 (13.0%)
Primary/idiopathic electrical disease 133/784 (17.0%) 24 (7.6%)
Atrial fibrillation 109/786 (13.9%) 45 (14.2%)

1FriedmanP, MurgatroydF, BoersmaLVAet al; Circulation. 2025 Jan28: 151(4):322-332.
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November13, 2025

Baselinecharacteristics

ϞDeterminedbasedon history of cardiacarrest,ventricularfibrillation, or sustainedventriculartachycardia(Enlightenonly)
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Characteristic All patients (n=41, 100%)

Mean ageҕSD(years) 38,2 ҕ15,5

Female 19 (46,3)

SecondaryPrevention 21 (51,2)

NYHA III or IV 4 (9,7)

Mean LVEFҕSD(%) 53 ҕ15,2

Cardiomyopathy

Ischemic

Non-ischemic

Hypertrophic

ARVC

Idiopathicelectrical
disease

Brugada

Long QT

4 (9,8)
12 (29,3)
11 (26,8)

4 (9,8)

2 (4,9)

4 (9,8)
4 (9,8)

Atrial fibrillation 2 (4,9)

BaselineCharakteristika Tübinger Kohorte

Our patients were younger, 

had more often a secondaryprevention
indication, 

showedbetter LVEF, 

better NYHA class, and 

similar underlyingdiseases



Implant procedure

Å99.2%(780/786) tunnelingand leadplacementsuccess

Å96.2%(756/786)completedthe procedurewith a device

ÅMeanproceduretime (1st incisionto final suture)was 
81.0ҕ38.2min

ÅMeanR-waveamplitudeat implant was2.9ҕ1.6mV
(N=731reported)

Å98.0%(722/737reported)met P- andR-wavecriteriaϞ

EnlightenStudy patient flow chart

ϞR-wave ampҗмƳ±ΤP-wave not present,P-wave at whichno longersensedҖлΦнƳ±or sensitivityҖлΦоƳ±and ratio of R-wave җмл
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Defibrillation testing

*Defibrillation testingwasperformedper physiciandiscretion/standardof care
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November13, 2025

Å99.0%(701/708reported)defibrillation testing 
successwhenperformedat implant

ÅMeanenergysuccessfulwas31.2ҕ4.3J

Å88.4%(569/644reported)of thosetestedat
ҖолWweresuccessful

Defibrillation testing flow chart
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Charakteristika der Implantation Tübinger Kohorte

Implantsuccessrate was 90,2%, 4 patients
wereswitchedto transvenousVVI-ICD 2 
due to low sensing, 1 becauseof large 
pulmonal bullaenewlydevelopredand 1 
due to foramensternale
DFT successrate intraoperative 95,1%,2 
remainingpatientssuccessfullDFT after 4 
weeks
Mean R-waveduringimplantwas 2,1  ҕ1,7 
mV
N o P-w av e d e t e c t a b le d u r i n g
i m p l a n t a t i o n

Characteristic All patients (n=41, 100%)

Implant successrate 37 (90,2)

TransvenousVVI-ICD 4 (9,8)

DFT successrate 39 (95,1)



Intraproceduralcomplications
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November13, 2025

ÅSixintraproceduralmajor complicationsϞrelatedto the systemand/or procedure.All 
resolvedwithout any lastingeffects

ÅProlongedhospitalization torepeatdefibrillation test (N=2),re-positiondevice(N=2),replace
leaddue to lead movement(n=1)

ÅPneumothorax(N=1);prolongedhospitalizationto monitor patient andno interventionrequired

ÅNo proceduresrequiredemergency surgicalintervention

ϞDefinedas death,permanentlossof devicefunctiondueto mechanicalor electricaldysfunction of the device, hospitalization,prolongedhospitalizationby48hoursor more,or systemrevision

Tübinger Kohorte: 

ÅKeine intraoperativen Komplikation

Åbisher alle Eingriffe in ITN und Atemmanöver/Atemstopp

Ånun erste Eingriff in Analgosedierung und sternaler Blockade 
und Rektusscheidenblock(Rectus SheathBlock) als effektives 
Regionalanästhesieverfahren  geplant



Primaryendpoint
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November13, 2025

ÅPrimaryendpointϞwill be assessedat 5 years

Å97.8%freedomfrom chronicsystem-related
majorcomplicationsat 6 months(Figure)

ÅIn line with Pivotal(98.0%at 6 months)

Å8 system-relatedmajor complicationsin 8 
patients:

ÅInappropriateshockdeliveryϟ(N=5)

ÅLeaddislodgement(N=2)

ÅImplant site pain (N=1)

Freedomfrom system-related major complications

99.0%
97.8%

ϞPre-determinedendpointwith the FDA:definedaschronic (>30 days)system-relatedmajorcomplications(excludinginfectionss infestations)
ϟNot inclusive of all inappropriateshocksthat occurred,only thosethat met the definition of the primaryendpoint



Infections
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Å11of 786(1.4%)patientswith an implant attempt hada major system- and/or procedure-
relatedinfection(10resolved,1 pending)

ÅSystemexplanted(N=6)

ÅAntibioticsonly (N=3)

ÅWoundor pocket revision(N=2)

ÅNo casesof mediastinitis,sepsis,or endocarditisrelatedto the systemand/or procedure



Å5.2%rate of first appropriatetherapyat 6 months 
(Figure)

Å195total appropriatelytreatedepisodesin 44
patientsthroughmeanof 7.9 monthsfollow-up:

Å100%(47/47)shocksuccessfor discrete 
spontaneousVT/VFepisodes

Å95.7%(45/47)first shocksuccess(oneepisode 
required 2 shocks;oneepisoderequired 3)

Appropriate therapy

Rateof first appropriate therapy

195 total appropriately treated episodes

Shockonly 

67 .2%

ATPonly 

22 .6%
Both 

10.3%

1.6%

1.6%

0.3%

3.6%

5.2%

4.2%

2.6%

2.9%

1.4%

Any therapy 
Shock
ATP
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Characterizationof ATP

Å66.9%adjustedϞATPsuccessrate (60.3%raw successrate) througha meanof 7.9 
months follow-up

Å44 shocksavoidedin 17 patientsbecauseof ATPthroughall follow-up

ÅNo patientshadATPprogrammedΨhŦŦΩafter receivingambulatorytherapy

Exampleof a successfulATP

ϞAdjustedusingGeneralizedEstimatingEquations(95%CI:48.2%,81.4%)

Ventricular Tachycardia
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SinusRhythmATP



Inappropriate shock

1FriedmanP, MurgatroydF, BoersmaLVAet al; Circulation. 2025 Jan28: 151(4):322-332.
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Å5.5%rate of first inappropriateshockat 6 months 
(Figure)

Å66 total inappropriateshocksin 43 patients 
througha meanof 7.9 months follow-up

Å32.1%lower rate than what wasobservedin 
Pivotal(8.1%rate at 6 months1)

Rateof first inappropriate shock

5.5%

4.2%

1.5%
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Charakteristika nach Implantation Tübinger Kohorte

Å2 minor wound necrosis

Å2 explantations(onedue to
recurrentwound necrosis, 
onedue toǇŀǘƛŜƴǘΨǎrequest

Characteristic All patients (n=41, 100%)

Adequate therapy  
during 2 ys FU
ATP
ICD-shock
Pacing

4 (9,7)

5 (12,2)
1 (2,4)
0 (0)

Complicationsduring
surgery

0 (0)

Complicationsafter 4 
weeks

0 (0)

Complicationsafter 2 
yearsFU
Superficialwound
necrosis
Wound infection
Allergicreaction
Explantation
P-Oversensingcausing
nadequateICD-shock

2 (4,9)

2 (4,9)

0
1 (2,4)
2 (4,9)
1 (2,4)



Conclusionsof real world data
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1FriedmanP, MurgatroydF, BoersmaLVAet al; Circulation. 2025 Jan28: 151(4):322-332.

Preliminaryevidencefrom a largereal-world cohort with more than a third secondaryprevention 
patients, the AuroraEV-ICDhasdemonstrated:

ÅA high implantation successrate s low rate of chroniccomplicationsthrough 6 months

Å 99.2%achievedtunnelingand leadplacementsuccess

Å 96.2%completedthe procedurewith a device

Å 97.8%freedomfrom system-related major complicationsat 6 months

Å Lowrate of major infection(1.4%),noneresultingin mediastinitis,sepsis,or endocarditis

ÅEffectiveappropriate therapy

Å 5.2%rate of first appropriatetherapyat 6 months

Å 100%shocksuccessfor discretespontaneousepisodes

Å 66.9%GEE-adjustedATPsuccessrate (60.3%raw successrate) avoiding44shocksin 17patients

ÅReducedinappropriateshockrate comparedto Pivotal1

Å 5.5%inappropriateshockrate at 6 monthsversus8.1%in Pivotal(32%reduction)

Å 34.8%reductionin proportion of inappropriateshockscausedby PWOScomparedto Pivotal
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Tübinger Kohorte

ÅSpiegelt im Wesentlichen das Real WorldScenarioanderer Zentren wieder, unser FU sind 
2 Jahre im Gegensatz zu 6 Monaten

ÅBesonderheit: Versorgung von Kindern und Jugendlichen in unserem Zentrum im Alter 
von 6, 12, 14 und 17 Jahren



Schulkinder, Adoleszenz/junge EW

Neues aus der Device-Therapie45

Tübinger Kohorte entspricht im Wesentlichen dem  Real World Scenario anderer 
Zentren, unser FU umfasst 2 Jahre im Gegensatz zu 6 Monaten

ÅBesonderheit: Versorgung von Kindern und Jugendlichen in unserem Zentrum 
im Alter von 6, 12, 14 und 17 Jahren



EV-ICD: Präoperatives Screening: cMRToder CT

Neues aus der Device-Therapie

Tachykardie-Therapie

46



EV-ICD

ÅBei jungen Patienten ohne antibradykardenPacingbedarf

Å Insbesondere Ionenkanalerkrankungen, CMP (Shockbox)

ÅSchonung der venösen Gefäßzugänge

ÅGute Batterielaufzeit, kleineres Aggregat im Vgl. zu S-ICD

ÅAntitachykardesPacingund Asystolieschutzmöglich, Schock mit 40J

ÅMonitorzone und Algorithmen (Wavelet), Größe und Batterielaufzeit wie transven. ICD

ÅMRT-tauglich

Neues aus der Device-Therapie

Tachykardie-Therapie

47



EV-ICD: Keine sternalen Voreingriffe

Neues aus der Device-Therapie

Wann ist der EV-ICD nicht sinnvoll?

48



Anatomische Herausforderungen

Neues aus der Device-Therapie

Wann ist der EV-ICD nicht sinnvoll?

49

Ggf. Körpergröße

> 200cm

Body MassIndex

< 40 



1. P-Wellen-Oversensingdue to newlydevelopedatrial flutter/ fibrillation in HOCM 
patient - PWOS is a unique challenge for the EV-ICD that can result in double counting 
and inappropriate therapies ς Only no P-Wave is a good P-Wave!

2. Impedancechangesdue to pericardialeffusioncausedby Lyme carditis

50

Challenges duringclinicalcourseof disease

Fußzeile

12. 03.2026



Patient with HOCM and acuteborreliosis

Newlydevelopedpericardaileffusionςdrop of impedancewith alarmingsignalof EV-ICD
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Impedancechangesdue to pericardialeffusioncausedby
Lyme carditis

Fußzeile

12. 03.2026

Causeof pericardialeffusion

- Dressler?
- Hemorrhagic?
- Perforation?
- Inflammatory?
- Infections?



Patient with HOCM and acuteborreliosis

ChestX-rayduringcourseof the disease
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Impedancechangesdue to pericardialeffusioncausedby
Lyme carditis

Fußzeile
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Patient with HOCM and acuteborreliosis

ChestX-rayduringcourseof the disease

Postoperative 07/2025
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Impedancechangesdue to pericardialeffusioncausedby
Lyme carditis

Fußzeile
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Patient with HOCM and acuteborreliosis

ChestX-rayduringcourseof the disease

After alarmingsignal09/2025
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Impedancechangesdue to pericardialeffusioncausedby
Lyme carditis

Fußzeile
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Patient with HOCM and acuteborreliosis

ChestX-rayduringcourseof the disease

6 Weeksafter doxycyclintherapy
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Impedancechangesdue to pericardialeffusioncausedby
Lyme carditis

Fußzeile
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Normalizationvon X-Ray

Normalizationof impedancevaluesafter 
pericardialeffusionwas resolved
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Zusammenfassung

Fußzeile

12. 03.2026


