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Proportion event-free

Vliv dlouhodobé konvencni DDD
kardiositmulace

HFH
1 K A
0.95 4 — =
T 2
A o
—
* - LLL"H_ §
[11]
at £
<
0.85 - 1l"|-|_ g
" o
Q
&
0.8 -
Cum%VP < 40
— - =Cum%VP > 40
0.75 : . '
0 12 24 36 48

2010 Pts, 6yrs FU, randomizace DDDR vs. VVIR u SND

—s

AF

0.95 +

(=
o
1

e

o

o)
1

o
(-}
1

ot

N

a
1

©
N

o

o)}

o)
1

e
o

Cum%%VP < 40%

4 = = = -Cum%VP 40-70%

— = Cum%VP 70-90%

0.55

0 12

24 36 48
Months

Sweeney et al, Circularion 2003, MOde Selection Tria



PICM — prevalence a rizikove faktory

Table 1 Definition and prevalence of pacing induced cardiomyopathy

Follow-up
No.  Study Sample size Study design Definition Prevalence (years)
1 Lee et af”' 234 Retrospective LVEF decrease >5% with symptoms of HF without other aetiology for HF 20.5% 15.6 Table 2 Risk factors for pacing induced cardiomyopathy
7 . oL . 0 . . o/ ; . 0
2 Kaye et al 118 Prospective LVaESF igg/o, if baseline LVEF was =50%, or absolute reduction in LVEF =5% if baseline ~ 9.3% 3.4+14 Risk factor OR 95% Cl P value
was< (V
LVEF <40%, if baseline LVEF was =50%, or absolute reduction in LVEF >10% if baseline  5.9% Older age .62 12210 2.16 0.001
was <50% Male sex 1.2 1.12t01.35 <0.001
Absolute reduction in LVEF =10%, regardless of baseline 39% thro.nlc kidney d(lﬁe;a.sef . 1:? 1;21 to ;12 <gggl
t . .54 to 2. !
3 Khurshid et 257 Retrospective Drop in LVEF <10% and resulting in an LVEF <50% 19.5% 33 revmes.myocar 1al infarction ° =
al® Pre-existing AF 1.32 1.23t0 1.42 <0.001
High dial 1.23 1.01 to 1.49 0.010
4 Kiehl et af*' 823 Prospective Drop in LVEF (to <40%) or need for upgrade to CRT 12.3% 4.3 Blg llmyoLc\;aErFla searscore e 0 0.93 to o5 o
aseline .95 per 1% increase 9310 0. <0.
i 52 ; 0 i ing i 0 0
Kim et af B} 130 Retrospect!ve 210./0 decrease in LVEF resultlng in LVEF <50% . . 16.1% 4.5 Native QRS duration 0 o5 s e 1.01 t0 1.03 0,005
6 Perla et af 749 Retrospective _Fallhln L\éEF by 1(]3per:cer:(tage points to afLVEg_ of <50.0;/o from baseline due to RV pacing 9.9% 2.2 RV pacing burden 1.02 per 1% increase 1.01 10 1.02 <0.001
In the absence of other known causes of cardiomyopathy Paced QRS duration 1.02 per ms increase 1.01 to 1.03 <0.001
54 p
. . 0 P 0 . . o
Abdin et af 173 Retrospective LVEF =10%, resulting in LVEF <50%, which cannot be explained by other causes 16% 3.3+1.8 AF, atrial fibrillation; LVEF, left ventricular ejection fraction; RV, right ventricle.
8 Cho et al® 618 Retrospective Reduction in LVEF (<50%) along with either (1) =10% decrease in LVEF, or (2) new-onset 14.1% 4.7
regional wall motion abnormality unrelated to coronary artery disease
9 Tayaletal® 27704 Retrospective HF symptoms including fatal HF 10.6% 2

CRT, cardiac resynchronisation therapy; HF, heart failure; LVEF, left ventricular ejection fraction; RV, right ventricle.

Ponnusamy et al, Heart, 2023



Fyziologicka kardiostimulace — typy
shrnuti

Burri et al, EHRA consensus on CSP, Europace, 202



MELOS — MULTICENTER EUROPEAN LEFT BUNDLE BRANCH AREA PACING OUTCOMES STUDY

Q
Prospective, multicenter, 09909 2533 14
Ml registry-based observational study “ Participants European centres

LBBAP implantation success
Bradycardia indication success  92.4%
Heart failure indication success  82.2%

LBBAP lead complications 8.3%
e Acute perforation to LV 3.7%
* Lead dislodgement 1.5%
* Acute chest pain 1.0%
* Capture threshold rise 0.7%
* Acute coronary syndrome 0.4%
Independent predictors of LBBAP lead implantation failure e Trapped/damaged helix 0.4%
Heart failure indication OR 1.49, 95% Cl 1.01-2.21 * Delayed perforation to LV 0.1%
Baseline QRS duration, per 10 ms ~ OR 1.08, 95% CI 1.03-1.14 e Other 0.7%

LVEDD, per 10 mm increase OR 1.53, 95% Cl 1.26-1.86

Melos registry, M. Jastrzebsky...Curila...Chovanec et al, EHRA 202:



MELOS — MULTICENTER EUROPEAN LEFT BUNDLE BRANCH AREA PACING OUTCOMES STUDY

@
Prospective, multicenter, 09909 2533 14
registry-based observational study ” Participants European centres

Table 4 Complications of left bundle branch area Complications attributed to the transseptal
pacing (n=2533) route of the pacing lead
3 . - . Intraprocedural perforation into the LV cavity 93 (3.67%)
Generic device implantation complications
................................................................................. Delayed perforation into the LV cavity 2 (008%)
Penumothorax 14 (0.55%)
Acute chest pain 25 (0.98%)
Pocket/wound infection 13 (051%) Acute ST-segment elevation in multiple leads 6 (0.24%)
Systemic infection/endocarditis 6 (0.24%) Acute coronary syndrome © 11 (0.43%)
Atrial lead dislodgement 14 (0.55%) Coronary vein fistula 7 (0.28%)
Pocket haematoma 10 (0.4%) Coronary artery fistula 2 (0.08%)
Pericardial effusion? 12 (0.47%) Painful pacing/chest pain 4 (0.16%)
Large vein thrombosis 2 (0.08%) LBBAP lead unscrewable/trapped/damaged helix 11 (0.43%)
Re-intervention for other non-LBBAP lead reasons® 15 (0.59%) LBBAP lead dislodgement 38 (1.5%)
Subclavian arteriovenous fistula after puncture 1 (0.04%) Threshold rise to an absolute value > 2V 17 (0.67%)
Summary 87 (3.43%) Threshold rise > 1V from baseline 18 (0.71%)
Threshold rise leading to re-intervention 4 (0.16%)
Stroke/TIA 0 (0)
Summary 209 (8.25%)

Melos registry, M. Jastrzebsky...Curila...Chovanec et al, EHRA 20



Hloubka implantace LBB elektrody hraje roll

Povrchové ulozeni elektrody cca 2 — 3 mm Hluboké ulozeni elektrody cca 8 — 10 mm

31 ;

QRS: 130ms

eDYS: 28 mS 25mm/sec 10mmdm | Raw data - mean | Date: Tuesday, June 29, 2021 Time:3:03:27 PM eDYS: 10 ms (V2_V8)
Vd: 57 ms Vd: 45 ms

QRS: 110ms
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Parcialni perforace intraventrikularniho
septa

Nezvysuje riziko selhani stimulace nebo tromboembolismu

CENTRAL ILLUSTRATION: Clinical Outcomes and Electrophysiological
Characteristics of PP

95 patients undergoing successful LBBAP
(LBBP = 60, LVSP = 35)

Clinical Outcomes: All-Cause Mortality,

Thromboembolism, Lead-Related
Complications
E o)
£ e, —
Oy 0.8
E £ o
Partial perforation No perforation ] 0.4 -
n =25 (26.3%) n =70 (73.7%) g ’
(LBBP = 25, LVSP = 0) (LBBP = 35, LVSP = 35) 0.2 Log-rank, P = 0.208
; w 00 T T v v v
0 12 24 36 48 60
Follow-Up Period, Months
No. at risk
—70 68 47 32 22 3
—25 23 19 12 4 1

wu PP Group Non-PP Group

The Ability to Diagnose Partial Perforation

* Type-QS morphology
N Sensitivity: 81.8%
BT Specificity: 100%
|\ «Myocardial COI <14.5 mV
_ M
05-500Hz | - Sensitivity: 81.8%
Specificity: 95.1%

Kato H, et al. JACC Clin Electrophysiol. 2025;10.1016/j.jacep.2025.01.016




VVzacna komplikace LBBAP

Septalni cévni poSkozeni — interventrikularni septalni hematom

Q 62 —let

Symptomaticka AVB lll. intermitentni
LVEF normalni

Plicni sarkoid6za — kortikoterapie

 LBBAP: V6RWPT 67ms, QRS 100ms,
2 X repozice elektrody pro Spatné paramet

Konig et al, Heart Rhythm Case Reports, 2025



Interventrikularni septalni hematom

Septalni kavita

41 — dnu UPV
24 dna VA + VV ECMO
Sériovy coiling intraseptalni vétve RCx

19 den dalsi spontanni septalni krvaceni
coiling dalsi septalni vetve RCx

Kompletni resoluce septalni kavity
Optimalni stimulaéni parametry bez
nutnosti revize stimulacniho systemu

Konig et al, Heart Rhythm Case Reports, 2025



Spontanni obnoveni sinusoveho rytmu po
neselektivni ablaci AV junkce a CSP

107 konsekutivnich pacientu podstoupili strategii — Pace & Ablate + CSP
14 (13%) obnovilo sinusovy rytmus po neselektivni ablaci AVJ

e ; "7-7:! : 7’77! - 1 4
B JEERARSLESEL] B 80% - Prediktory obnoveni SR:
mero totale 24— 700/0 -
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Palmisano et al, Am J Cardiol, 2023



ProC by mela byt fyziologicka
kardiostimulace preferovana pred
konvencni stimulaci kdyz zatim neni
EBM?

Prokazat elektrickou a mechanickou superioritu fyziologické stimulace nad konvencni...




Fyziologicka stimulace je lepsi nez
konvencni kardiostimulace

« 15 Pts s AVB, LVEF > 55% — indikovani k DDD stimulaci v NNH (2022 — 2024)

» sinusovy rytmus / RVA / LBBAP

» elektricka synchronizace srde€niho stahu — UHF-ECG (VDI monitor)

* mechanicka synchronizace srde€niho stahu — P/\VV zmény z LK — impedanc¢ni méfeni(lnca® — CD

Leycom
y JDI monitor (UHG-ECG)

P

P/V zmény v LK méfené impedancnim katetrem

A + RVapex

LBBAP
(right
septum)

NEMOCNICE

PV loop (LV)



Fyziologicka stimulace neindukuje
elektrickou dyssynchronii vs. RFA

P =0.0104
p <0.0001 f 1
T ] P =0.0146 P <0.0001
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OLCE

il Vlechanickeé zmény LK pfi fyziologické v:
konvencni stimulaci

Pacing —
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Fyziologicka aktivace vs. LBBA stimulace Fyziologicka aktivace vs. RVA stimulace



MOLCE

ﬁ:mél\/lechanické zmeny LK pri fyziologicke v
konvencni stimulaci

Isotonicka prace LK Isometricka prace LK
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Fyziologicka stimulace se zda byt

N BNy

vyhodnejsi...

Clinical Outcomes of His Bundle Pacing Compared to
Right Ventricular Pacing

Mohamed Abdelrahman MD 2, Faiz A. Subzposh MD 2, Dominik Beer DO P, Brendan Durr DO ®,
Angela Naperkowski RN, CEPS, CCDS 2, Haiyan Sun MS ¢, Jess W. Oren MD °, Gopi Dandamudi

d R ao sz 1
MD ¢, Pugazhendhi Vijayaraman MD 2 & = J Am Coll Cardiol. 2018

* Prospektivni, nerandomizovana i
e 2013-2016 %o.e
« 332 HBP x 433 RVP 0
* Uspésnost zavedeni HBP: 92% ”02
« Kombinovany endpoint: |
* Mortalita 0.0
« Hospitalizace pro SS |
. Upgrade na CRT -

HBP vs. RVA

Primary Outcome

(Death, Heart Failure Hospitalization, or Upgrade to Biventricular Pacing)

— e p=0.02
e S - HR = 0.71
&.M—%L -
—
All patients
I I I ] 1
0 1 2 3 4
Follow Up in Years

332 266 168 98 15
433 338 191 92 12

His bundle pacing (HBP) Right ventricular pacing (RVP)




¢ Srdecni resynchronizacni léCba (CRT):

vyhovuje nam standardni biventrikularni stimulace =

* 90-95% uspésnost v zavedeni CS epikardialni levokomorové elektrody ALE !!l to neznamena
uspésnou CRT
pfes technicka zlepSeni v zavadéci technice — selhani LK stimulace epi ~ 7%)*
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« Limitace: CS anatomie (maly profil koronarniho Zilniho systému,vinuti, stenézy, chlopné, atypicka
anatomie....)

 Limitace: vyskyt komplikaci levokomorovych elektrod
« CS dissekce ( 1.3%) ! perforace koronarnich zil (1.3%)?
* Vysoky stimulacni prah (akutni a chronicky)
« Stimulace n.phrenicus (Casny a dlouhodoby vyskyt v zavislosti na poloze)
 Dislokace LK elektrody (¢asny a dlouhodoby ) 5.7% *
« Epikardialni LK - non respondefi k CRT
« RTG dlouhotrvajici skiaskopie —vysoké radiaCni davky(pacient&perzonal)
» Hospitalizaéni mortalita (0.3%) !, 30- denni mortaita (0.7%) !

« Aktivace boc€ni stéeny LK neni fyziologicka !!!

1Van Rees. J Am Coll Cardiol 2011; 58: 995-1
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VD [ms]

Trvani depolarizace pod elektrodami
EKG
Vd parametr (UHF-ECG)

CRT-D
100 150-
80—
60~ = 1097 :
. .§. 7 ° a’
40+ a
- > 509 i
20_ — ; 838883
I N =66 ] N =173
0 pred po 0 pred po

43,2 +12,98 vs.46,2+9,77;, p=NS 59,5+ 15,16 ms vs. 49,8 + 11,28 ms; p < 0.0001



Vyvoj leadless kardiostimulace

Prosinec 2012, NNH

Prosinec 2013, NNH

ORIGINAL ARTICLE

“ ORIGINAL ARTICLE ”

Percutaneous Implantation of an Entirely
Intracardiac Leadless Pacemaker

*

Vivek Y. Reddy, M.D.
Rahul Doshi, M.
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A Leadless Intracardiac Transcatheter
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Reddy VY et al: NEJM 2015, Sept 17, 373:

INFERIOR
VENA CAVA

1127. Reynolds D et al: NEJM 2016, Feb 11 : 535.

Unor 2022, NNH

ORIGINAL ARTICLE

A Dual-Chamber Leadless Pacemaker

Reinoud E. Knops, M.D., Ph.D., Vivek Y. Reddy, M.D., James E. Ip, M.D.,
Rahul Doshi, M.D., Derek V. Exner, M.D., M.P.H., Pascal Defaye, M.D.,
Robert Canby, M.D., Maria Grazia Bongiorni, M.D., Morio Shoda, M.D.,
Gerhard Hindricks, M.D., Petr NeuZil, M.D., Mayer Rashtian, M.D.,
Karel T.N. Breeman, M.D., Jordan R. Nevo, M.S., Leonard Ganz, M.D.,
Chris Hubbard, M.B.A., and Daniel J. Cantillon, M.D.,

for the Aveir DR i2i Study Investigators*
B

Knops RE et al: NEJM 2023, June 22 : 385: 25.
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Leadless fyziologicka stimulace ="

 First—in — Human

« Akutni studie proveditelnosti: tether mode

bezpeénost + stimulaéni parametry
» jugularni pfistup vpravo, ICE periproceduralné,
CT + TTE pfed vykonem

» Nasledna explantace s implantaci konvencniho Abbott — Aveir VR

 Nemocnice na Homolce, srpen — prosinec 2024

Reddy ... Chovanec ... Neuzil, Heart Rhythm, 2025, in pre:
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Leadless fyziologicka stimulace ..

First-in-man
14 Enrolled _— ‘ RV septum Final location
: 2 Not attempted: Imaging suggest small
# right atrium or limited maneuverability Pt mg‘:;'c Paced QRS Paced QRS LPcs»
2 - ol [ Peed=d durstion (ms) | , | LVAT [ va. duration (ms) | electrode Vs Caiitis
k MI _ "(:m) " From | From vi | Ve [ Vi From | From | tiptoLV | thickness | :';PO
R | 2 Not deployed: Unable to achieve pacing | QRS (ms) | (ms) | pacing | QRS septal (mm)
7| adequate implant position | artifact | onset artifact | onset | wall (mm) '
10 Successfully 1 151 172 133 Yes 78 34 160 135 7 18 LVSP
implanted 2 101 174 149 Yes 75 | 54 156 128 5 | 15 LB8P
8 140 175 138 Yes 99 34 188 137 5 13 LVSP
l l 4 181 191 168 Yes 75 50 173 142 5 15 LVSP
5 e 5 93 171 145 No 97 | NA 160 124 12 21 DSP
LBBAP 6 105 156 143 Yes 97 | 23 158 138 5 | 13 LVSP
: 1t°v§m‘ St [""s’ °“"‘“'| 7 | 121 | 154 | 135 | No | 100 | 37 | 145 | 122 | 6 11| Dsp
8 144 150 146 | No* | &1 30 133 | 103 5 17 | DSP
SAE:

* Vyznamna TR pfi poskozeni septalniho cipu chlopné pfi implantaci, asymptomaticka, konzervativné
 Hematom v misté vpichu VJI |.dx - konzervativhé

Reddy ... Chovanec ... Neuzil, Heart Rhythm, 2025, in pre:
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Case #1

e
NEMOCNI

KARDIOCENTRUM

ST: e.ee mm ST: 0.0 mm
RAO: 30.12 CAU: 0.14 LAO: 44.99 CRA: €.22
XA

Intrinsic RV Septum Final location

AWRf ———— W —  aWR|——A———  aVRI
oy N 7§ AU ) DS B i i 1 e

: ! = 103 ms
aVF | Vi ——  aVF| Ve aVvF ™M

v 3144 ms 1146 ms vi ' -
V1 ———— \—"‘g v Ei—'“__../*—' Vir —\"S\/T/\ Ifdfg‘-_’gl e
v2 | —v_—_\_%/./\é‘_&/\_’ v2 ___\;\/%_,/\_ V2 r “; g
V3t NN V3| 7\

Va4 b ’\/ — va t

NS
0 s i T s B ' s G

Reddy ... Chovanec ... Neuzil, Heart Rhythm, 2025, in pre:



Shrnuti

* Fyziologicka stimulace zptisobuje komorovou aktivaci porovnatelnou s
fyziologickou aktivaci pri sinusovém rytmu a akutné nevede k elektrické nebo
mechanické intraventrikalarni dyssynchronii

* Fyziologicka stimulace je efektivni u CRT

* Elektricka synchronizace srdec¢niho stahu u CSP koreluje s mechanickou
synchronizaci srdec¢niho stahu LK

* UHF EKG mUze byt uzitecné k vyhodnoceni elektromechanické dyssynchronie a
identifikaci kandidata pro razné stimulacni strategie prevodniho systému

[ I
NA HOMOLCE

NEMOCNICE



Zaver

Stimulace prevodniho systému by mela byt indikovana u vétsiny
pacientu prichazejicich k implantaci endovazalnich
stimulac¢nich/defibrila¢nich systému

TP, 1. LEKARSKA
(q ' ¢)2 FAKULTA

12 ';‘.i"' Univerzita Karlova

\% INEIVIOCNICE
{NAHOMOLCE

KARDIOCENTRUM



Zaver - alternativni

e ...Sroubovat, Sroubovat, Sroubovat, Sroubovat, Sroubovat, Sroubovat....
« Kazdy milimetr od praveho endokardu smerem doleva je dobry

« Novy uhel pohledu na extrakce leadless stimulace

AT, 1. LEKARSKA
Vo)) FAKULTA

Wsailp¥sf Univerzita Karlova

\% INEIVIOCNICE
{NAHOMOLCE

KARDIOCENTRUM






Soubor pacientu

n 25 25
vék 72 let 73 let
muzi/zeny 19/6 20/5
EFLK [%] 26+7 % 29+8,9 %
IKMP / niIKMP 10/15 19/6
NYHA 2,4+0,97 2,2+0,70

Konsekutivni, neselektovana, nerandomizovana populace pacient

Obdobi 7/2019 - 5/2020

FU=4-6 M

Beze zmény farmakoterapie CHSS ve sledovaném obdobi

Hodnotili jsme: vyvoj EFLK, Sifi QRS, QoL — KCCQ (Kansas City Cardiomyopathy Questionnaire)

Zaslepeny sbér a vyhodnoceni parametr(



Vysledky

EFLK (BVP) EFLK (HBP)
1) EFLK 60 607
 skupina BVP - zlepseni EFLK z 26+7 % na 30+11 % | T | —
(p = 0)39) 40 404
* skupina HBP - zlepSeni EFLK z 29£8,9 % na 34+8,6 % S =
(p < 0,05) 20- T 20- L
0 0
baseline follow-up baseline follow-up
BVP HBP
2) QRS 200 200
» Skupina BVP - po implantaci zdzeni QRS z 168+29,4 ms na 150_5 150_5
133+17,0 ms (p < 0,0001) =] —_ = __
£ 1 £ 1
 skupina HBP - po implantaci zdzeni QRS ze 173+34,6 ms na g 100 § 1007
128+19,9 ms (p < 0,0001) o o
50 50
X X

pred po pfed po



BVP

QoL Score Total Symptom Score Overal Summary Score Clinical Summary Score
107 1.0 1.0+ 1.0+
0.8 T __ _
| 0.8 —_ 0.8 —
067 0.6+
0.2—_ 0.2-
0 paseline fol ' 00-
aseline  follow-up baseline follow-up baseline follow-up baseline follow-up
NS NS NS N
S
HBP .,
QoL Score Total Symptom Score Overal Summary Score Clinical Summary Score
1.0- 1.07
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
. : . 0.0- :
baseline follow-up baseline follow-up baseline follow-up baseline follow-up

p <0,01 p <0,05 p <0,01 p<001



|
~

I Fyziologicka stimulace v NNH

SINAHOMOLCE

> 714

Vak 71 (21 — 96) let

Muzi 534 (74,8 %)

KS / CRT-P / CRT-D 261 (36,6 %) / 23 (3,2 %) / 430 (60,2 %)
SHBP / nsHBP / 17 (2,4 %) / 32 (4,5 %) /

SLBBP /nsLBBP /LVSP 106 (14,8 %) / 324 (45,4 %) / 203 (28,4 %) /
/ 7 (1 %) / 25 (3,5 %)

DSP / N/A

LVEF [%] KS + CRT-P....58

CRT-D........... 31

KS: 123 vs. 110
QRS [ms] CRT-P: 167 vs. 128

CRT-D: 166 vs. 132

KS + CRT-P: 43,2 £ 12,98 vs. 46,2+ 9,77
VD [ms]

CRT-P: 59,5 + 15,16 vs. 49,8 + 11,28



