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2025:

Technology:
e Highly mature & reliable
* Still includes generator, connectors and leads

Procedure:
» Surgical pocket + Transvenous leads

Device issues — Pocket:
e Discomfort
* Hematomas
* Infections
* Cosmetic concerns

Leads

Mechanical failures
Infections; Extractions
Mobility restrictions

Some incompatible with MRI

Pacemaker State-of-the-Art

Dual-Chamber Pacemaker

1Ellenbogen, K et al. Am J Cardiology, 2003; 92:740-749.
2Connolly, SJ et al. The New England journal of Medicine, 2000; 342:1385-91.
3Udo, EO et al. Heart Rhythm. 2012;9:728 —735.



2025: Pacemaker State-of-the-Art

» Celosvétové je béhem jednoho roku provedeno 900.000 implantaci
« AZ 50.000 riznych komplikaci souvisejicich s vykonem
« Odhaduje se, ze celosvétové ma KS systém 6.4 mil.pacient

» Nicméneé az 85.000 nemocnych ma komplikace s chronicky zavedenym
vodiCem-elektrodou

Priimérné navyseni ceny za provedenou

Komplikace s KS systémem intervenci (2009)
Infekce S 49,652
Revize vodice-elektrody S 16,285
Pneumotorax S 16,411
Revize uloZeni KS pfistroje S 12,560

J Thorac Cardiovasc Surg 1996;111:742-752.
Am J Cardiology 2000;85:774-776.
Cost index: www.bls.gov/cpi/cpid09av.pdf

1: Didier Klug, Circulation, 2007
2; MDT, STJ, BSX Product Performance Reports
3: Danish Pacemaker Registry, www.pacemaker.dk
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Percutaneous Implantation of an Entirely
Intracardiac Leadless Pacemaker

Vivek Y. Reddy, M.D., Derek V. Exner, M.D., M.P.H., Daniel J. Cantillon, M.D.,
Rahul Doshi, M.D., T. Jared Bunch, M.D., Gery F. Tomassoni, M.D.,
Paul A. Friedman, M.D., N.A. Mark Estes, IIl, M.D., John Ip, M.D.,
Imran Niazi, M.D., Kenneth Plunkitt, M.D., Rajesh Banker, M.D.,
James Porterfield, M.D., James E. Ip, M.D., and Srinivas R. Dukkipati, M.D.,
for the LEADLESS Il Study Investigators®
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Reddy VY et al: NEJM 2015, Sept 17, 373: 1127.

A Leadless Intracardiac Transcatheter
Pacing System

Dwight Reynolds, M.D., Gabor Z. Duray, M.D., Ph.D., Razali Omar, M.D.,
Kyoko Soejima, M.D., Petr Neuzil, M.D., Shu Zhang, M.D.,
Calambur Narasimhan, M.D., Clemens Steinwender, M.D.,

Josep Brugada, M.D., Ph.D., Michael Lloyd, M.D., Paul R. Roberts, M.D.,
Venkata Sagi, M.D., John Hummel, M.D., Maria Grazia Bongiorni, M.D.,
Reinoud E. Knops, M.D., Christopher R. Ellis, M.D., Charles C. Gornick, M.D.,
Matthew A. Bernabei, M.D., Verla Laager, M.A., Kurt Stromberg, M.S.,
Eric R. Williams, B.S., J. Harrison Hudnall, B.S., and Philippe Ritter, M.D.,
for the Micra Transcatheter Pacing Study Group™*
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A Modular Communicative Leadless
Pacing—Defibrillator System

R.E. Knops, M.S. Lloyd, P.R. Roberts, D.J. Wright, LV.A. Boersma, R. Doshi,
P.A. Friedman, P. Neuzil, C. Blomstrém-Lundqvist, M.G. Bongiorni, M.C. Burke,
D. Gras, S.P. Kutalek, A.K. Amin, E.Y. Fu, L M. Epstein, J.M. Tolosana,

T.D. Callahan, J.D. Aasbo, R. Augostini, H. Manyam, D.G. Nair, B. Mondésert,
W.W. Su, C. Pepper, M.A. Miller, J. Grammes, K. Saleh, C. Marquie,

F.M. Merchant, Y.-M. Cha, C. Cunnington, D.S. Frankel, . West, E. Matznick,
B. Swackhamer, A ). Brisben, J. Weinstock, K.M. Stein, V.. Reddy, and L. Mont,
for the MODULAR ATP Investigators®

Knops, RE et al: NEJM 2024, May 18 : 391.
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NNH: zkusenosti jednoho centra

Leadless pacing v NNH: 2012 - 2024

>
62 1 Micra TPS, Micra AV, Nanostim,
Aveir VR, Aveir DR, Empower
Vék 70,5 (20 —90) let
MuZi 56,5%
Uspédnost 99%
Stimulacni parametry Stim.prah: <1,5V/0,25ms Velikost viny R: 8 =20 mV
Jina nez VVI stim. Micra AV, Aveir DR,WiCS
Komplikace 0,6 % 4 x dislokace
0,3 % 2 x srdecni tamponada
0 % revize tfisla, infekce, smrt

L LEKARSKA NEMOCNICE
Univerzita Karlova NA HOMOLCE
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Fyziologicka jednodutinova stimulace
Micra AV : od VVI k DDD

* MICRA AV = VVIR - VDD(R)
* Identical volume : 0.75ml

* Weight: 2g

* Lenght: 24mm

* Width: 20Fr

* Bipolar Pacing (17mm)

Micra Atrial TRacking Using a Ventricular AccELerometer Study
NCT03157297

Primary Endpoint :
Synchronisation of ventricular pacing to reach = VDD

3 preexisting accelometers : atrial activity detection based on tricuspid valve
movement detection —in concert with P wave detection on ECG

NEMOCNICE
NA HOMOLCE




Micra AV : VDD mode
Detekce pohybu cipu TCH
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Dvoudutinovy leadless Aveir DR

vzajemna komunikace ,,i2i" (implant to implant)

e Kondukcni komunikace — vyuziva vodivé vlastnosti tkani a krve;

vysilani/prijimani vysokofrekv. el. signalt (uA, pA),

vykon v ramci uW ... minimalni spotreba energie
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Cantillon DJ/NeuzilP/Knops R/Reddy VY et al“ Circulation EP 2022
Doshi RN/Neuzil P/Reddy VY et al: Heart Rhythm 2025, 22; 1010-1020
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Dual-chamber Leadless Pacemaker:
6-month Wireless Communication
Success Rates

Implant-to-Implant Communication Success
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Dvoudutinovy leadless Aveir DR

iImplantace komorové a sinove komponenty
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Dvoudutinovy leadless Aveir DR
“I121* algoritmus komunikace

The NEW ENGLAND
JOURNAL of MEDICINE

CURREMT IZSUE SPECIALTIES w* TOPIZE %

CRIGIMAL ARTICLE 'F % il'l E “
A Dual-Chamber Leadless Pacemaker

Authors: Reinoud E. Knops, M.0., Ph.D, Vivelk Y. Reddy, M.D., James E. Ip, M.D., Rahul Doshi, M.D., Derelc, Exner, M.D.,
M.P.H., Fascal Defaye, M.D., Robert Canby, .0, Maria Grazia Eongiorni, M.D., Morio Shoda, M.D., Gerhard Hindricls,
M0, Petr Neugil, M.D, Mayer Rashtian, M.D., Karel T.N. Breeman, M.D., Jordan R Mevo, M.S., Leonard Ganz, M.D,
Chris Hubbard, M.B.A., and Daniel |. Cantillon, M.D., for the Aveir DRI2i Study Investigators™ a0 Author Info &
Affiliations

Published May 20, 2023 | N Engl ] Med 2023;388:2360-2370 | DOI: 10.1056/NE] Moa2300080 | VOL. 388 NO. 25
Copyright © 2023
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Postup pri extrakci pro MICRA TPS

RAO 30°

Y,

Delivery catheter is in the contact
with the Right ventricle wall

Micra and delivery catheter was
easily pulled ou from the heart

D

Countertraction force applied
on the site of Micra insertion

New Micra device
was placed close

to the original site —

E

Countertraction resulted
in deatachment of Micra
device from its insertion

» lug test” to verify
new device stability



Extrakce MICRA TPS

~ 10 let po primoimplantaci

Funasako M/ Neuzil P et al:, Europace. 2024 Oct 3;26(10):euae256

Delivery katetr se zavedenou klickou — @ 7 mm - kontratrakci uvolnéni kotev ( 10 min.)
Nekomplikovana re-implantace nového pristroje Micra VR - excelentni parametry

Micra TPS

a

{

Micra TPS snared with the delivery catheter Micra TPS ‘f’ith minimal tissue ingrow
after successful retrieval over the device

INCHEN NEMOCNICE
Univerzita Karlova NA HOMOLCE

KARDIOCENTRUM



Case report
Nanostim LCP retrieval December 10,2021

,Meshed“ Sleeve Rotation and final
OVER LCP Dec 10, 08:19 RELEASE Dec 10, 08:19

e

nlextraclion
) ed

86t
021, B:19/AN

SID°  99¢cm
FD 30cm
RAO = 20°

SID 99cm
FD 30cm
RAQ « 20°

CRAN '1° CRAN '1°

Neuzil P et al: HeartRhythm Case Rep. 2023 Feb 3;9(4):258-262
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Extrakce Nanostim LCP
Implantace 17.12.2012 — Extrakce 10.12.2021

AHOSPITAL

/

p ==
KARDIOCENTRUM HAHOMOR

IMPROVED SNARE ‘ IMPROVED HANDLE ERGONOMICS

Neuzil P et al: JACC Case Rep.J. 2023




Extrakce AVEIR DR
~ tromby na sinové komponente AVEIR

P —
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»Retrivere katetr s trojitou klickou = vykon ( 15 min) obé komponenty uspéSné extrahovany
Nekomplikovana re-implantace transvenézniho DDD KS
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| Celosvétovy prehled extrakci Nanostim

Délka implantace & zkusenost operatéra (> 28.10.21)

Uspéch extrakce v zavislosti
na délce implantace

100% 94% 95%

89%
90% 85%
81%

80% 76%
70%

60%

50%

40%

30%

20%

10%

0

[0-1) Year [1-2)Years [2-3)Years [3-4)Years [4-5)Years 25 Years
(n=27) (n=49) (n=54) (n=39) (n=29) (n=35)

% Uspéch extrakce

X

Doba od implantace

89% (31/35) uspéch u extrakci LCP 25 let

Neuzil P et al: ] Am Coll Cardiol. 2025 Mar 25;85(11):1111-1120

% Retrieval Success

Uspéch extrakce v zavislosti

na zkusenosti operatéra

100%
90%
86%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

First Retrieval Case (n=39) More than One Retrieval
Case (n=130)

Operator Experience

Neni jasna zavislost na zkuSenosti
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Implantable Devices

e i

Boston
Scientific

EMBLEM MR

S-ICD wooe A219

R
, s 2

EMPOWER™ Modular Pacing System
EMBLEM™ Family of S-ICDs

~

Leadless brady & ATP & S-ICD

Programmers

Model 3200 S-ICD Programmer

Next Generation
BSC 3300 LATITUDE

Programming System Q

EMPOWER™ Details

32.1 mmx 6 mm Active fixation talons
9./8 cc Tether / Snare port
: (:"‘l. '?

/

EMPOWER™ Delivery and Retrieval

Preloaded delivery catheter
with extendable inner
catheter

S Dedicated
¢ retrieval system with single &
tri-loop snares

Dedicated delivery and retrieval catheters




P —
NA HOMOLCE

KARDIOCENTRUM

S-ICD diskriminace rytmu pfi stimulaci

Primary Vector (Sense B to Can)
NSR | | LP Pacing

Secondary Vector (Sense Ato Can)

LP Pacing

Alternate Vector (Sense A to Sense B)

NSR 1 LP Pacing

Tjong FV.Y. et. al., JACC:CE

3[BT Komunikace Leadless ATP & S-1CD:

Preklinicky model

ATP terapie vydana LCP pri detekci S-ICD

avR

avL

aVvF

1

VT Detection

LA A AN A A A A

ATP Communication
Signal

ATP Delivery - 10 beats
A 4

Normal Sinus Rhythm
A4

oo




Komunik dless ATP & S-ICD:

Kazuistika

AHOSPITAL

KARDIOCENTRUM NAHOMOL

KARTNEN. HOMOLKA
Ailura Clarity

19. 12. 2023
11:89:32

RAO -1.39 CAU -1.31
kv 74.239
mA 2

ms @ 3as. okno stfed: 128; Zifka: 256




Kl Komunikace Leadless ATP & S-ICD:
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The NEW ENGLAND JOURNAL of MEDICINE
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Hlavni soucasti a princip ,wireless” stimulace
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T CO-IMPLANT DEVICE
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Studie SELECT-LV :
Hlavni vysledky

The SELECT-LV study showed sustained cardiovascular improvement

for complex CRT patients treated with the WISE System

0 10 20 30 40 50 60 70 80 90

0
8570 o I

MIRACLE’ hﬂ
everset| "
O
L

33

.ICD16 15
0 MIRACLE-ICD

52

This pts group had previously failed conventional CRT

Reddy VY/Neuzil P/Riahi S: JACC 2017;69:2119-2129



Kompletni leadles-wireless CRT system
Micra TPS + WISE

21,23:740-747

Nemocnjce Na YMOI¢

FARTT NEMOCNICE
Univerzita Karlova NA HOMOLCE




F-I-M Study of a Leadless Pacemaker System
for Left Bundle Branch Area Pacing

* Leadless pacing has already demonstrated significant benefits to patients

% Current ventricular leadless pacemakers are limited to right ventricular pacing and cannot
perform left bundle branch area pacing (LBBAP)

“* Anovel helix-based leadless pacemaker has been developed for LBBAP that combines the
benefits of leadless pacemaker technology with that of conduction system pacing (LPgp).

AR 1 ek NEMOCNICE
é’ Univerzita Karlova NA HOMOLCE




F-I-M Study of a Leadless Pacemaker System
for Left Bundle Branch Area Pacing

Reddy V / Nair D / Neuzil P Heart Rhythm 2025

= = 14 Enrolled
.:. .:: M .:T i pati;e nts 2 Not attempted: Imaging suggest small
w} ey M v: v P right atrium or limited maneuverability
OVR vt . r = 129 ms
wi i [N =1 12 Underwent
avF e Bl ggms AV By 129 8 .
o) o L A B implant attempt ,
| ] S— va b—A% I 2 Not deployed: Unable to achieve
| v: M :3 r ! v > adequate implant position
z:‘j el V] e 10 Successfully
V6 - Ve ] | implanted
AVEIR CSP 2 [T I ! l
[ | 5 LBBAP capture
.1 Laa?aptu 3 DSP capture 2 RVSP capture
. 4 LVSP
4
TUS LR ARsKA NEMOCNICE
&, ’ Univerzita Karlova NA H O MOLCE /
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F-I-M Study of a Leadless Pacemaker System
for Left Bundle Branch Area Pacing

» 74 yo, Female, RBBB, SND, History of AF

« Capture type Assessment
« Electrode tip on the left side of septum
* V6 RWPT of 61 ms

* V6-V1=30ms Intrinsic RV Septum Final Location
« Terminal r wave visible in V2 1 Y ) | AL F—N
: g T E— . I ——pN—
» Capture type: DSP ur vt o i
mf N\ [ | e ¥ ¢ odl R .7
VR | _.——_M aVR | ——4\/‘——‘—\ avR 1 —Kf—
wp ———Ne————v | — N — avt | —# —
i i — 103 ms
VET : i | —V716 ms i
vVir VIf—R t— — Vit =
vat v3t ...._..ﬂ,“\/,__———\_ Var
va V4 | ——t——— V4 r
Vst : V5 2% = Vs 1
V6 | ——— V6 | e V6 |
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Nova technologie baterii
,harvesting” energie

« Kardiokinetika jako zdroj energie pro stimulaci:

electronics

Serew Electrode \ Energy harvesters Lid/electrode

\

SuperCap /

Piezoelectric energy harvester for pacemaker application: a comparative study - IOPscience

Pt M (Medtron s

Polarity bipolar bipolar
Pacing modes VVIR (single-ch) VVIR / DDDR
Rate modulation 3D accelerometer 3D accelerometer

Energy supply Lithium iodine battery Piezoelectric energy harvester

Estimated longevity (1SO)

‘Size (D x L) mm 6,7 x 26 6,5 x 30
Fixation mechanism Tines Helix + torque limiter
Delivery Femoral catheter access Femoral catheter access
Other features Hourly/daily based pacing threshold verification  Beat to beat capture verification

Automatic sensing adaptation
Holter episode for EGM + Acceleration

Daily/weekly Home-monitor transmission


https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
https://iopscience.iop.org/article/10.1088/2053-1591/aab456
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Dvoudutinovy leadless Aveir DR

Implantace sinového Aveir - ICE

10F [ =
Homolka_EP

Tx Power 100%
M1 0.44

TIS0.9

TIB0.S

10F (= |
Homolka_EP

Tx Power 100%
Ml 0.44

TIS0.9

TIB0.9

Dyn R60 dB Dyn R 60 dB

6 dB 0 dB

b NEMOCNICE
Univerzita Karlova NA HOMOLCE
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13 LET PO PRVNI IMPLANTACI
NENI

LEADLESS KARDIOSTIMULACE
SVEBYTNOU PLATFORMOU

Reddy V/Knops R/Sperzel J/Neuzil P Circul 2014 129;1466-71



Case report
Nanostim LCP retrieval December 10,2021

Tri-Loop High Torque retrieval catheter Tri-Loop High Torque retrieval catheter
CAPTURE Dec 10, 08:18 DOCKING Dec 10, 08:18

SID  99¢cm
FD 30 cm
RAO  20°
CRAN '1°

Neuzil P et al: HeartRhythm Case Rep. 2023 Feb 3;9(4):258-262



© |l Komunikace Leadless ATP & S-ICD:

RO Preklinicky model

Tjong FV.Y. et. al., JACC:2020



HE Komunikace Leadless ATP & S-ICD:

S Kazuistika

* Muz, 61 let
* |[CHS (st.p. NSTEMI spodni stény s dPCI ACD a RMS + 2x BSM 11/2006)
« Chronické srdecni selhani HFrEF ( EF LK 20 %)

* V roce 2007 implantovan transvenozni ICD v ramci sekundarni prevence
NSS

« Opakované infekCni komplikace
« Leden 2022 extrakce puvodniho ICD v¢etné elektrod

« Unor 2022 - Implantace S-ICD - Boston Scientific EMBLEM MRI



Komunikace Leadless ATP & S-ICD:

Kazuistika

SPITAL
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T
NA HOMOLCE

KArRDIOCENTRUM

Od prvni implantace ICD v roce 2007 zaznamenano 90 incesantnich epizod setrvalé KT

Leden 2017 - Katetrizacni RF ablace arytmogenniho substratu LK

Pouze jedina epizoda setrvalé KT v unoru 2022 : Ukoncena 1. vybojem S-ICD

» Stfedné vyznamna mitralni regurgitace (konzervativni postup)
» Arterialni hypertenze

* Hyperlipoproteinemie

» Diabetes mellitus 2. typu na PAD

« Amaurdza levého oka, revmatoidni artritida

* Prosinec 2023 implantace LCP EMPOWER (BSCI) v rezimu VVICD
Klinicka studie: MODULAR ATP
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Komunikace Leadless ATP & S-ICD:

KArRDIOCENTRUM KaZUiStika

Episode Summary
B SUMMARY REPORT Since Last Follow-Up Since Implant
OStOl‘l Report Printed: 01/02/2024 3:53 pm Untreated Episodes: 0 Untreated Episodes: 0
SClentlﬁC Programmer Software Version: 1,04 Treated Episodes: 14 Treated Episodes: 15
Device Software Version: 3.2.662 # of Shocks Delivered: 24 # of Shocks Delivered: 30
Patient Name: 0492MA555 Device Modelf: A219 EMBLEM™ MRI S-ICD #of ATPs Requested: 9 # of ATPs Requested: 23
Last Follow-up Date: 12/19/2023 Device Serial#: 143993
Follow-up Date: 01/02/2024 Electrode Model#: 3501 Battery Status Electrode Impedance Status
Implant Date: 01/25/2022 Electrode Serial#: 200119
Pacemaker Model/Serial#: B170/151351 -:] O\ system Impedance = 210 Ohms
Programmable Parameters A
Current Device Settings Initial Device Settings )
Therapy: ON Therapy: ON Remaining Battery Life to ERI: 43%
Shock %one: 220 bpm (ATP On) Shock Zone: 220 bpm (ATP On)
Conditional Shock Zone: 170 bpm (ATP x2) Conditional Shock Zone: 170 bpm (ATP x2)
Post Shock Pacing: OFF Post Shock Pacing: OFF
SMART Pass: OFF SMART Pass: OFF
Gain Setting: 1X Gain Setting: 1X
Sensing Configuration: Secondary Sensing Configuration: Secondary
Shock Polarity: REV Shock Polarity: REV
U 1 2 U 7 7 Americas: 1,800, CARDIAG (227,3422) o +1.651,582 4000
7 2 7 2 Euwecpe, Middle East, Aldca: +32 2 418 7222 Asia Paciic: +61 2 8083 6209 Page 1
0 a 0 0

Parameter changes this session: NO
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F-I-M Study of a Leadless Pacemaker System
for Left Bundle Branch Area Pacing

« 77 yo, Male, RBBB, SND, CHF, NYHF Class II

« Capture type Assessment
» Electrode tip on the left side of septum
* V6 RWPT of 75 ms

Intrinsic RV Septum Final Location
.« V6-V1= 50 ms " P -
: o b 4 { £ SR Y| E— . S

+ Small Terminal r wave visible in V1 ~— i —— 1 T &

“ f .——-\‘_:'\-_i_—__/'——- “ I ’_\\._, ————
 Capture type: LVSP e e
S O N =
avR 1 avRb ___—"1

VLl i e —
vi b i i 181ms i = 168 ms
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KarpioCENTRUM



F-I-M Study of a Leadless Pacemaker System
for Left Bundle Branch Area Pacing

« 74 yo, Male, SND, History of AF, CAD, and PCI

« Capture type Assessment Red denotes Stim to RWPT on V1 and V6

: : BI R [ f ff
- Electrode tip on the left side of septum ue denotes QRS duration measured from onset to offset

* V6 RWPT of 75 ms Intrinsic RV Septum Final Location
* V6-V1=54 ms ; J\ | F o | %
* Terminal r wave visible in V1 i . V " .
: 1 N f———p\ f
« Capture type: LBBP ] S P j‘ﬁf b _,.i\//\
avR p——--)—— - N
i F—‘—’__Jv o aVvL __A\/ e E: 129 ms
aVL p— - —*-Tf\o——"-_’ VF - .-V——
aVF F———i— > M 149 s [ £ 129 ms
B 101 ms V1 — TS\’/.__,\__ ; et
VA «—~v’
V2 F~— 4*\/--— ity Nx_}\/\,ﬁ_“_
2~ Y
vaf—— o A R ¢
w—— WM W
V5 *—*—w*/\/’—"— el f ‘ VZ F-|: 7’-5 ms
V6 VB [
V6 ———i— ™ |

NEMOCNICE
NA HOMOLCE

KarpIOCENTRUM



