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Prvni implantace trvalé kardiostimulace

* 8.7ijna 1958

« Karolinska Univerzita, Stokholm, Svédsko

* Implantace elektrody epikardialné kardiochirurgickym
pristupem
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Vyvoj konvencni kardiostimulace

1970 vs. 2000
RIMEM VOO Pacemakery (1965)

PATENTOVA LISTINA
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UVEDENY V PRIPOJENEM PATENTOVEM SPISU
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Prvni koncept bezdratové (leadless) kardiostimulace

Special Article

Totally Self-Contained Intracardiac Pacemaker*

J. WILLIAM SPICELER, PH.D., NED 5. RASOR, PILD.{, PAUL KEZDI, M.D,
5. N. MISRA, M.D., K. E. ROBINS, P.E., AND CHARLES LeBOEUF, P.E,

SUMMARY

Recent developments in miniature long-life
power sources and electronics, such as nuclear
batteries and integrated circuits make feasible
a new generation of pacemakers, the intra-
cardiac pacemaker (IC), ie., a completely
self-contained pacemaker imvlanted inside
the right ventric
Since the IC pa
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- betavoltaicka baterie

- radioizotop Promethium -147

- Larry C.Olsen, McDonnell Douglas Corp.
- kardiostimulator Betacel-Biotronik
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Fig. 4. Intracardiac pacemaker with catheter for transvenous insertion.

circuits have been improved substantia
addition, the development of the endox
catheter electrode has broadened the
of operative procedures to include a
portion of the patient population, Two
problems that still exist with conver
pacemakers are perforation or dislocat
the tranwwennie electradn and tha chart
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Fig. 2. Some early unsatisfactory d
used to explore attachment technique,
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Spickler et al, J.Electrocardiology, 3:325 (1970)
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Bezdratova kardiostimulace




Konvencéni DDD kardiostimulace Leadless VVI kardiostimulace
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Bezdratova kardiostimulace - moznosti

The NEW ENGLAND JOURNAL of MEDICINE The NEW ENGLAND JOURNAL of MEDICINE

’ ORIGINAL ARTICLE ’

ORIGINAL ARTICLE

) . A Leadless Intracardiac Transcatheter
Percutaneous Implantation of an Entirely Pacing System

Intracardiac Leadless Pacemaker

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.,

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., Josep Brugada, M.D., Ph.D., Michael Lloyd, M.D., Paul R. Roberts, M.D.,
Paul A. Friedman, M.D., N.A. Mark Estes, IlI, M.D., John Ip, M.D., Venkata Sagi, M.D., John Hummel, M.D., Maria Grazia Bongiorni, M.D.,
Imran Niazi, M.D., Kenneth Plunkitt, M.D., Rajesh Banker, M.D., Reinoud E. Knops, M.D., Christopher R. Ellis, M.D., Charles C. Gornick, M.D.,

James Porterfield, M.D., James E. Ip, M.D., and Srinivas R. Dukkipati, M.D., Matthew A. Bernabei, M.D., Verla Laager, M.A., Kurt Stromberg, M.S.,
for the LEADLESS I1 Study Investigators* 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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VVI leadless stimulace - indikace

SND Only
30%

SND + AVB
10%

Based on PANORAMA, SavePace, MOST, OPTI-MIND, ESC Country & US Registries

VVI stimulace

Malo cetné dlvody stimulace (minimalni potreba

stimulace, chronicka FiS)

Po nebo v pribéhu infekénich komplikacich

endovazalnich systému
Stendzy/trombdzy Zilniho systému

Vrozené srdecni vady....nemoznost endovazalniho

pristupu

KARDIOCENTRUM



Bezdratova kardiostimulace - vyhody

* Infekce kapsy * Vlyborna fixacni sila

* Hematom, dekubitus * Nizké naroky na energii

e Dislokace elektrod . ,
 Dlouha zivotnot baterie

* Fraktury elektrod
* PNO

* Kosmetické dlvody

* Tkan-Pristoj, stabilni interface,
sensing, prah, odpor...

* MR kompatibilita (certifikace pro 1,5 T MR
5 systémy)

* Dyskomfort




VDD leadless stimulace — Medtronic Micra™ AV

-

w
S
o
=
o
=
<
=

p m—
NEMOCNI

0

E

*Snimani vlastni sinové aktivity, sinusovy rytmus

*kardiostimulator Micra AV obsahuje 3 na sebe kolmé akcelerometry, které
umoznuji snimat pohyb pristroje ve vSech 3 smérech volnosti.

* pomoci téchto akcelerometrl je pristroj schopen snimat mechanicky pohyb
chlopni a tak i aktivitu sini

* je tak schopny pracovat v rezimu VDD ECG

3D Accelerometer i

EGM

¢ —

|
Al- IzovolumickésRB?ﬁ?XY{E@évuzavFe élm’chlopné

A2 - Uzavieni aortdlni a pulmonalni chlopné
A3 - Casné pasivni plnéni komor
A4 — Systola sini s aktivnim plnénim komor

Larry A. Chinitz, MD, FHRS, Heart Rhythm Scientific Sessions, May 2018, Boston
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VDD leadless stimulace — Micra™ AV

VVI stimulace VDD stimulace




VDD leadless stimulace

VDD stimulace

SND Only

30% * Zachovaly sinusovy rytmus
* Neni 100% spolehliva
SND + AVB
10%

AVB Only
40%

a1
o
3
i Based on PANORAMA, SavePace, MOST, OPTI-MIND, ESC Country & US Registries
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Dvoudutinova leadless stimulace - Abbott AVEIR™ DR

LSP201A LSP202V 95
(Prava sin) (Prava komora) /
délka 32.2mm (1.27in) 38.0mm (1.50in)
Sirka 6.5 mm (0.26 in) 6.5 mm (0.26 in)
AVEIR™ DR LEADLESS
PACEMAKERS
objem 0.96 cm3 1.1 cm?3 =11 )
hmotnost 2.1g 24¢g =y =
tip elektrody Helical Semispherical
o
! % = Primarni misto fixace sinového stimulatoru: ousko pravé siné
NEMI(E\II;Z;

Rashtian M/ Neuzil P/ Knops RE: Heart Rhythm 2022;19:776-781



Dvoudutinova leadless stimulace - Abbott AVEIR™ DR

vzajemna komunikace ,,i2i* (implant to implant)

* Kondukéni komunikace — vyuzivd vodivé vlastnosti tkani a krve; vysilani/pfijimani
vysokofrekv. el. signalt (uA, pA), vykon v rdmci uW ... minimalni spotfeba energie
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Dvoudutinova leadless stimulace - Abbott AVEIR™ DR

Snimek obou komponent stimulaéniho systému Aveir DR

| D
~

RAO: 32.78 CAU: 1.10

AHOMOLCE
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NEMOCNICE

792 mA 84.50k
WL: 2048 WW: 4096
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Dvoudutinova leadless stimulace - Abbott AVEIR™ DR

Poloha obou komponent stimulaéniho systému Aveir DR

L R
D4335D620220204114134399
-Primoimplantace KS (BiV)

4 , ,
5‘ RAO: 32.78 CAU: 1.10
s XA
g LittleEndianExplicit —
gt/ L 792 mA 84.50k
NEMICE\IIC% : 63 WL: 2048 WW: 4096 VVIR +VDD + DDD(R)

Based on PANORAMA, SavePace, MOST, OPTI-MIND, ESC Country & US Registries ~ KARDIOCENTRUM



Bezdratova stimulace a nutnost defibrilace ....?
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Leadless stimulace & S-ICD

Concept: Leadless System Delivers Pacing, ATP, and Defibrillation

31.9 mm x 6 mm . Active fixation talons

o

WS

mi

Leadless pacemaker delivers stand alone bradycardia pacing as well as ATP therapy, as commanded by unidirectional
communication from the S-ICD.
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Tjong FVY et al: JACC Clin Electrophysiol. 2017 ;3:1487-1498 Karp1oCenTRUM
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Leadless stimulace & S-ICD

KARDIOCENTRUM

EMPOWER™ Modular Pacing System
* VVIR leadless pacemaker with 8+ years longevity @100% pacing
« ATP activated by mCRM™ enabled S-ICD

MCRM Enabled EMBLEM™ S-ICDs

* Insight Algorithms with SMART Pass technology
 Upto 3 attempts of ATP in Conditional Zone

* QuickConvertin the Shock Zone S-ICD to LCP Communication Vector

mCRM Compatibility ﬂ
« EMPOWER™ MPS is designed so that all EMBLEM™ S-ICDs are

capable of mMCRM™ upgrade to benefit from modular therapy and TruATP ™ Sho:,ck - x ‘

MCRM™ Communication
» Conducted telemetry signals sent from S-ICD
* Negligible battery impact on EMBLEM™ or EMPOWER™

Intrinsic Signal . Coupled to R-wave

. Voltage and pulse width
similar to existing lead
S-ICD Communication impedance measurement

. Built-in redundancy



Leadless stimulace & S-ICD

S-ICD Discrimination during High Rate LP Pacing

Primary Vector (Sense B to Can)
NSR LP Pacing

s s s s s s s s

Secondary Vector (Sense Ato Can)
NSR LP Pacing

s s s s s s s s s s s s s s

Alternate Vector(Sense A to Sense B)

NSR LP Pacing

s s s s s s s s s s s s s s 's s s s

S-ICD rhythm discrimination is adequate during normal sinus rhythm (NSR) and during
high-rate leadless pacemaker (LP)

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

ATP Delivery by the LP Commanded by the S-ICD

ATP C°§$i?‘°a‘i°“ ATP Delivery - 10 beats Normal Sinus Rhythm

VT Detection v v

AR e A A A A A AN A

avL WWWMMMV A —

PR PO PO 0 IO PO (% Lt O PO (00 PO (0 TP 0 PO L PO (0[NP [ PO ) O P PR 1 U [ PO ] POt PO PO ) PO (O PO P PO 0 [NV 0 (PO P PO [P (0 0 PR
=250 o

A simulated MVT triggers an ATP request from the S-ICD, which results
in 10 beats of ATP delivered by the LP.

KARDIOCENTRUM
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Leadless stimulace & S-ICD

Post-shock pacing

0.0 sec

6.0 sec

12.0 sec

18.0 sec

25.6 sec

31.6 sec

6.0 sec

12.0 sec

18.0 sec

25.6 sec

31.6 sec

34.5 sec
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Bezdratova stimulace u pacientt se srdecnim
selhanim s nutnosti CRT

[N}

79
o

=

o

=

<

e =

NEMOCNICE




WICS — ultrazvukova stimulace levée komory
schéma implantovaneho systéemu
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Reddy, V.Y. et al. J Am Coll Cardiol. 2017;69(17):2119-29.



WICS — ultrazvukova stimulace levé komory
Rtg snimky integrovaného systému

Nemocnice NarfHomolce *
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Bezdratova stimulace & WICS systém
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Bezdratova stimulace — WiCS systém (EBR)

Mean QRS Duration, ms

50 -

30

20

10

Select-LV studie

220 -

200+

180 4

160 H

140 +

120 4

B
Change in LV EF 60 - Individual Changes in LV EF Change in LV EDV and LV ESV
554
50 + 350
45
300 H
40 |
R 354 50 -
30 4
25 4 200 +
207 150
15
10 : , 100 -
Baseline 6 Months Baseline 6 Months Baseline & Months

M End diastolic W End systolic

Baseline 1week 2 weeks 1month & Months

M RvVonly M Intrinsic M BV

V. Y. Reddy, P. Neuzil et al, ] Am Coll Cardiol, 2017
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Bezdratova stimulace — WiCS system (EBR)
Select-LV studie

Response Rate
Parameter Baseline 6 Months Change p Value Response Definition at 6 Months (%)
LVESV, ml (n =25) 1838+ 629 157.0 +75.7 —26.8 + 451 0.007 =15% relative reduction 52
LVEDV, ml (n =25) 24314707 22244770 -20.6 £ 415 0.02 =10% relative reduction 40
LVEF, % (n = 32) 259+ 64 33.0 +£10.3 +7.1+ 8.0 <0.0001 =5% absolute increase 66
NYHA functional 3/24/73/0 24/67/3/6 +0.8+ 0.8 =1 class improvement 67
class I/1I/1I1/1V
<«————0ne Month Six Month
2% 164 215 240 w6 91
SN ;\/ Pt AN Sl U vy B WA SELECT-LV -
- I NI e TN
' j\/J/\ \//\JU I LN
"NV J\/J\ i PROSPECT
: ; 69
avR _i/\/\v _‘/\___‘_‘_’___J\’\ AN — —‘/\‘——v
avlL _J/\V 'J\“-\_/'N[\““mf —\/\“\/“ N
AR AL L AL X MIRACLE
avF “\V B ‘/\/ ./ AV 67
W T A T T
| | . A REVERSE
vz T~ “”’V—\/JV—"*“‘ N~ ”
V3 “!\/_f'ﬁ“ ﬁ\fﬁvf\/ - M ™
. H,W__—Hw_h.fd\rj._ﬂ j\/‘fﬁj - MIRACLE ICD -

"f 'C'__'j vs TNV T TV N 1 T T T T T T T T 1
% . u mv _w__,\_‘:j\, AN PV 0 10 20 30 40 50 60 70 80 90
z  10oms | i mWorsened mUnchanged mImproved

p — - -
NEMOCNICE

V. Y. Reddy, P. Neuzil et aI, J Am Coll Cardiol, 2017 KarD1ioCENTRUM



Leadless stimulace v NNH

> 491 Nanostim 104, Micra TPS 273( VR 249, AV 24),
Aveir 75 (VR 35, AR 2, DR 38), Modular ATP(Empower) 1
Vék 70,5 (20 -92) let
Muzi 311 (64%)
Uspésnost 99%
Stimulacni parametry Stim.prah: <1V /0,25- 0,4 ms Velikost viny R: 4,6 — 20 mV
Jind nez VVI stim. 8x (2 x leadless + WICS, 6 x leadless + S-ICD)
Komplikace 0,8 % (4x dislokace)

0,2 % revize trisla, infekce, 1x perforace
50
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Leadless stimulace — vybiti zdroje, reimplantace

e Plvodni doporuceni vyrobcu:
... implantovat ,novy” pristoj + ponechat ,stary” pristroj na miste ...!?!

4 - "
p ' ‘ =
) : ‘ » ” £
A p k9 o el
J ) R o
I \ PR . B ‘,
o ! R L
= )/ L * L
o
i kv 120 kv 120
mAs 1.0 mAs 3.0
p — Mtk — Haby iy T
RE 40 W 3176 RE 254 ! -
dGy*ciiieX C5113 dGy*cm2.2.7555)
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Bezdratova stimulace — extrakce

fy. Abbott — systémova chyba batériovych zdroji napfi¢ portféliem vyrobk( ...“Stésti v nestésti....?“

| Leadless pacing — EXTRAKCE v NNH

2

Vék [r]

Muzi

Doba od implantace [r]
Lokalizace

Duvod extrakce
Uspéénost

Fluoro [min]

Komplikace

K. Minami, P. NeuZil, J. Petri, M. Chovanec, P. Hala, M. Janotka, L. Sediva et al, JACC: Clin. Electrophysiol, 2020

34

78,0+ 8,1

21 (63%)

43+1,3 (2,0;6,1)

Apex — 21 (62%), Midseptum — 7 (21%), spodni sténa — 6 (18%)
Porucha zdroje — 29 (85%), upgrade na CRT — 5 (15%)

29 (85%) Swinging movement vs. Non-swinging movement
15,0+ 13,9
0

KARDIOCENTRUM



Prediktory uspésné extrakce — ,swinging movement”

CENTRAL ILLUSTRATION: “Swing Movement" of the Leadless Cardiac
Pacemaker

Right anterior obligue 30° Right anterior oblique 30°

Leadless cardiac pac@make

docking button

Swing Amplitude

Minami, K. et al. J Am Coll Cardiol EP. 2020;6(14):1744-51.

[ J
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Inovated Retrieval System

* LP Retrievability Features Dacking Buton
» Single-turn helix to allow LP to easily unscrew from tissue {, ~
» Docking Button to facilitate mating with Retrieval Catheter o
« Titanium housing to maximize torque transfer and minimize tissue ingrowth ~ ')
. +
» Design Improvements

. i - i @ ‘\;:’
Fixed-post docking button i ! =) ‘

* Retrieval catheter
LEVERAGED AVEIR™ SHAFT IMPROVEMENTS

IMPROVED SNARE IMPROVED HANDLE ERGONOMICS

Truncated View/
Length Not to Scale

TRI-LOOP SNARE

Improved T
ease-of- use

KARDIOCENTRUM



Prediktory uspésné extrakce — ,swinging movement”




Prediktory uspésné extrakce — ,swinging movement”

Nemocnice Na Homolce

10F =

Cardiac
35 dB

6.7 MHz
DR 65 dB
Edge 1
Persist 1
RIS 2
Map F
Tint 2

70 fps

Fluoroscopy = . P 100% MI0.31




Prediktory uspésné extrakce — ,swinging movement”

’:E/ Na Homolce hospital

AcuMay 10F Pwr M
MI 1.3 TIs 2.0




Prediktory uspésné extrakce — ,swinging movement”

Retrieval procedure
Success
Fluoro time {min})
Adverse events
Reimplantation
Micra ™
Nanostim
Transvenous biventricular pacing system
Transvenous dual-chamber pacing system

29/34 (85%)
15.0+13.9
0 (0%)

26
1

2

Swing Movement No Swing Movement P .value
Number of patients 25 9
Success rate 100% (25/25) 56% (5/9) <0.001
Fluoro time (min) 127+ 8.6 456+19 <0.001
Swing amplitude (degree) 404 +10.2 50+35 <0.001
Duration of implant (days) 1583 + 507 1617 £ 458 0.67
Implant location
r Right ventricular septal apex 20 (80%) 1 (11%) 0.0016
! % s Right ventricular mid-septum 2 (8%) 5 (56%) 0.009
= Right ventricular inferior wall 3 (12%) 3 (33%)) 0.11
NEMOCNICE

K. Minami, P. NeuZil, J. Petrd, M. Chovanec, P. Hala, M. Janotka, L. Sediva et al, JACC: Clin. Electrophysiol, 2020 o=
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Bezdratova kardiostimulace - shrnuti

KARDIOCENTRUM

* PInohodnotna klinicky efektivni metoda srdecni stimulace

* Pokryvaji celé spektrum indikaci trvalé stimulaci (VVI, VDD, DDD, BiV, +ICD...)
 Stabilni stimulacni parametry

 Zadné infekéni komplikace

* Moznost extrakce

* MR kompatibilni



