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Uvod

Per aspera ad astra ( Through challenge, we have
reaChed a new frontler ) CondM:ctlonsystem po"c}rl{g for the prevention and cure of pacing-

induced cardlomyopcthy Bundled care

Robert challe! , FHRS 21 = ugazhendhi

Conduction system pacing for pacing-induced cardiomyopathy: Could
the cure be worse than the ill?

Emest W. Lau, MD," Hendrik Bonnemeier, MD, PhD,*** Benito Baldauf, MD™*

Stimulacia prevodoveho systemu ako jedna z mala procedur v medicine replikuje
fyziologicku aktivaciu cez unikatny systém, ktory nam dala ,Matka priroda ,,
Pozorujeme rychly rozmach tejto metody-predbehla GL

Vo viacerych oblastiach zatial-bez dat z velkych RKS

Chybaju dlhoro¢né skusenosti

Obava z niektorych komplikacii...



UPGRADE- rozsirenie
systemu KS,ICD,CRT

d Najkomplexnejsie vykony v implantoloqii

d Spojené s mnozstvom technickych problémov
O VySSi vyskyt komplikacii

 Patria do velmi skusenych centier

d Primum non nocere...



UPGRADY nie su ,,in“ ?

Upgrady v CR (r. 2022)

Rozdéleni ICD podile typu procedury

Rozdéleni KS podle typu procedury
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Ale Ich robime...
Kazuistika pacientky s
Upgrade na CSP

O Pacientka A.E., Z., 71 rokov

O VCC, stav po korekcii DPS 1959, Ebsteinova anomalia

O Clover plastika TCH a anuloplasticky ringTCH 2017

O AVB Ill, PAF implantacia DDD KS

U Prechod do permanentnej FA

O Vyvoj PICMP- zhorSenie EF LK, sy.CHSZ NYHA Ill-1Va, biomarkery, stim.

0 QRS 200 ms, dep., nativhe FA s AVB lll - QRS uzky, fr.30/min

Q Indikovana na upgrade na CSP

O Uzaver pristupu...., extrakcia nepotrebnej A el., zjednanie pristupu, CSP el.

0 25.1.2025 Implantovany BIV KS, Sel.stimulacia His-a, A port zaslepeny

Q ZlepSenie NYHA I, QRS 85 ms, zlepSenie ECHO kg o 10%, zlepSenie bio-
markerov:SZ



EKG pred a po UPGRADE
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UPGRADE na CSP

Co nam hovoria odporu&ania?

Komu?
Kedy?

Ako?



Co nam hovoria odporuéania?

Recommendation for upgrade from right ventricular pacing to cardiac @ ESC
resynchronization therapy
Recommendations ass Lewel

Patients who have received a conventional pacemaker or an ICD and who
subsequently develop symptomatic HF with LVE{(<35% Jlespite OMT, and who

have a significant® proportion of RV pacing, should be considered for upgrade

Cned thering indervenl e e pacing- induredl HF & suppocied by ndsera Bonal dala Hossess o, lheres are noedia B3 o suppord Thall any percend ages off IEY pacing
Ry rue Fmill bed e which Il paring s 533 andl bespond whith IiEY pacing isharmiial.
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Co nam hovoria odporutéania?

2021 ESC Guidelines on cardiac pacing and —— EHRA

cardiac resynchronization therapy Ez;c%ﬁer?r;\;%eggtion

Developed by the Task Force on cardiac pacing and cardiac @ European Society of Cardiology

resynchronization therapy of the European Society of Cardiology (ESC)

AV block { CRT Indication ‘ AVN ablation
e S
X : Y A v I !
LVEF<0.40 | LVEF>0.40 Rl LVEF <0.40 LVEF 40 to <0.50 LVEF>0.50
520% VP implantation L ! J

HBP HBP HBP CRT HBP RVP CRT \I'mx
Class b C ClassllaC ClassllbC || ClassllaC ClassllbC || ClassllaB || ClassllbC Class Ilb C

However, conduction system pacing (which includes HBP and left bundle branch area pacing) is very likely to play a
growing role in the future, and the current recommendations will probably need to be revised once more solid
evidence of safety and efficacy (from randomized trials) is published.



Co nam hovoria odporutéania?

2023 HRS/APHRS/LAHRS guideline on cardiac
physiologic pacing for the avoidance and mitigation of
heart failure @

Chung et al. Heart Rhythm 2023

Patients with indications ALt
for pacemaker therapy surgery
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Kto je potencialny kandidat
ha UPGRADE na CSP?

 Pacient s pacingom indukovanou KMP ( PICMP )
 Pacient po neuspesnej implantacii CRT
d Non responder na CRT ? (HOT a LOT CRT)

d Pacienti s KS zvazovani na ablaciu AV uzla pre FA
- arytmiou indukovana KMP



Temna stranka konvencnej
kardiostimulacie

10-20% pacientov s povodne normalnou EFLK a komorovou stimulaciou méze
v priebehu 3-4 rokov dostat' PICMP (1)

Pri poklese EF= 10% bez ohladu na vych.EF az 39% ma PICMP za 3,5r. (2)

Incidence

10-20% at 34 years

Drop
in LVEF
to < 50%

Drop in LVEF from
baseline but still > S0%
Worsening of pre-existing
cardiomyopathy

HF symptoms, HF hospitalization, Atrial
fibrillation

Abnorma! myocardial function without
symptoms or drop in LVEF, T natriuretic peptides

I Merchant FM. | Cardiovasc Electrophysiol. 2020;31:286-292
2 Kaye G et al. Heart Lung Circ 2018; 28:1027-1033




PICM — bezny fenomen-rozne

definicie
Pacemaker-induced cardiomyopathy (PICM) is common, but
definitions are diverse

Incidence of PICM in Major Pacemaking Trials
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Vyskyt SZ je vyznamny

@ESC

European Society
of Cardiology

Incidenca
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Bhupendar Tay:
Christoffer Polc
Niels Risum®, C

Cumulative incidence (%)

2-Year Cumulative Incidence of Heart Failure
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—— Pacemaker patients

—— Age- and sex—matched controls

0 3 6 9 12 15 18 21 24
Month(s)
Variables Control cohort Patients with P-value
(n=138520) pacemaker
(n=127 704)
Age (years) 77.0 (69.0-84.0) 770 (69.0-84.0) 0.99
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Tayal et al. European Heart J 2019.



PICM sa moze objavit’ kratko

po implantacii u pac. s AVB

A Acute Phase

oy T EEE=s -------38%TriskofHF

Probability of Heart Failure Free Survival

0.81
noAVB
- —- CcAVB
Univariate HR 1.46 (95% Cl 1.34-1.60) p < 0.001
0.7 Adjusted HR 1.62 (95% Cl 1.48-1.79) p < 0.001
~.
00 + . - - v + -
0 1 2 3 4 5 6
No AVB Months from Implant
New HF events 0 369 591 752 896 1020 1116
Number at risk 14208 13848 13617 13464 13312 13194 13092
Complete AVB
New HF events O 302 437 557 663 737 787
Number at risk 6994 6694 6557 6438 6331 6260 6207

Merchant. .. Mittal. Circ Qual Outcomes 2017. 7



Prediktory vzniku PICMP

VysSi vek, muzské pohlavie

IM v anamnéze

Nativny QRS >115 ms, nativny LBB
Fibrilacia predsieni v anamnéze
Znizena EF LK pred implantaciou

Vysoké percento kom.stim (>20 %)

Stimulovany QRS complex = 150ms
Komorova dysynchronia pri komorovej stim.

J Cardiovasc Electrophysiol. 2020;31:286-292




@ ESC

CLINICAL RESEARCH

Eurcpace (2023) 25, 10771086

European Society https:/doi.org/10.1093/europace/euac188 Cardiac pacing

of Cardiclogy

Upgrading right ventricular pacemakers to
biventricular pacing or conduction system
pacing: a systematic review and meta-analysis

Nandita Kaza

', Varanand Htun?, Alejandra Miyazawa @ ’, Florentina Simader

Bradley Porter?, James P. Howard @ %, Ahran D. Arnold @', Akriti Naraen © %,

David Luria®, Michael Glikson @ ¢, Carsten Israel’, Darrel P. Francis .

1

Zachary I. Whinnett @ ', Matthew J. Shun-Shin @ "%, and Daniel Keene

"National Hef'ar't and Lung Institute, Imperial College London, B Block, Hammersmith Hospital, Du Cane Road, London W12 OHS, UK; ?School of Public Health, Imper_ial College London,
Lendon, UK; *Hammersmith Hospital, Imperial College Healthcare NHS Trust, London, UK; *Warrington and Halton Hospitals NHS Foundation Trust, Liverpool, UK; *Hebrew University
Jerusalem, Jerusalem, lsrael;, ®Shaare Zadek Medical Center, Jerusalem, lsrael; and "Bielefeld Hospital, Bielefeld, Germany

Received 16 May 2022; accepted after revision 8 September 2022; online publish-chead-of-print 10 November 2022

Abstract

Guidelines recommend patients undergoing a first pacemaker implant who have even mild left ventricular (LV) impairment
should receive biventricular or conduction system pacing (CSP). There is no corresponding recommendation for patients
who already have a pacemaker. Ve conducted a meta-analysis of randomized controlled trials (RCTs) and observational stud-
ies assessing device upgrades. The primary outcome was the echocardiographic change in LV ejection fraction (LWVEF). Six RCTs
(randomizing 161 patients) and 47 observational studies (2644 patients) assessing the efficacy of upgrade to biventricular pacing
were eligible for analysis. Eight observational studies recruiting 217 patients of CSP upgrade were also eligible. Fourteen add-
itional studies contributed data on complications (25412 patients). Randomized controlled trials of biventricular pacing up-
grade showed LVEF improvement of +8.4% from 35.5% and observational studies: +8.4% from 25.7%. Observational
studies of left bundle branch area pacing upgrade showed +11.1% improvement from 39.0% and observational studies of
His bundle pacing upgrade showed +12.7% improvement from 36.0%. New York Heart Association class decreased by
—04, —0.8, —1.0, and —1.2, respectively. Randomized controlled trials of biventricular upgrade found improvement in
Minnesota Heart Failure Score (—6.9 points) and peak oxygen uptake (+1.1 mL/kg/min). This was also seen in observational
studies of biventricular upgrades (—19.67 points and +2.63 mL/kg/min, respectively). In studies of the biventricular upgrade,
complication rates averaged 2% for pneumothorax, 1.4% for tamponade, and 3.7% for infection over 24 months of mean fol-
low-up. Lead-related complications occurred in 3.3% of biventricular upgrades and 1.8% of CSP upgrades. Randomized con-
trolled trials show significant physiological and symptomatic benefits of upgrading pacemakers to biventricular pacing.
Observational studies show similar effects between biventricular pacing upgrade and CSP upgrade.

Upgrade = Biventricular pacing * Conduction system pacing * Physiological pacing
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Treating PICM: CSP Upgrade

QRS duration Ejection Fraction Functional Class
*
178 54 P<0.01
180 | 55 .
160 - -1
a5 25
140
40
114
120 2 4
35
100
30 -
15 1
80
=
60 20 * . . v 1
Baseline Baseline RVP HBP RVP HBP

Vijayaraman et al. Heart Rhythm 2019.
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onduction System Pacing versus Biventricular Pacing in Heart Failure with Reduced Ejection Fraction:

A Systematic Review and Meta-Analysis of Randomized Controlled Trials
luri Ferreira Felix, MD , Michelle Collini, Rafaela Fonseca, Camila Guida, MD, Luciana Armaganijan, MD, MSc, PhD, Jeffrey Sean Healey, MD, MSc, FRCPC, FHRS, Guilherme Carvalho, MD, MSc

BACKGROUND: RESULTS CONCLUSIONS

The optimal strategy for cardiac 7 randomized controlled trials with 408 patients

resynchronization in patients with heart failure is There was a signiican reducton

SMD -0.51; 95% Cl -1.26 to 0.24
There was no difference between

. _ QRS duration - ] in QRS duration and in in
still not well-established. MD-13.34 ms: 95% Cl -24.32t0 -2.36 E "_H —’W symptoms with CSP
E resynchronization.
METHODS: NYHA class L 4
-0.37: 95% C| - . -
We compared in patients with heart failure with SMD-0.37; %5 61 069 005 ;
reduced ejection fraction LVEF There was an improvement in left
S innn :i 0 H ventricular ejection fraction with
MD 2.06 %; 95% Cl 0.16 0 3.97 . oSp
Biventricular Pacing  Conduction system pacing LVESV ' '
(BVP) (CSP) 2 a

Threshold for lead capture the groups in terms of left
MD -0.08 V; 95% CI -0.42 to 0.27; "Qf"l “&”  ventricular end-systolic volume
and the threshold for leading
FavorsBVP  Favors CSP capture

Heart Rhythm
Volume 21, Issue 6, June 2024, Pages 881-889




UPGRADE TO CSP in PICMP

UPGRADE TO HIS UPGRADE TO LBBAP

Year  Design Totl  Number Follow- Baselne Post P Post Clinical Year  Design Total ~ Numberof Follow- Baselne Post ~ Pre  Post Clinical

number of w EF(%) HBP HBP  HBP outcomes number  patiens up  EF(%) LBBAP LBBAP LBBAP  oufcomes

of  patents period EF(%) QRS QRS of  upgradedto  period EF(e) QRS QRS

patients  upgraded  (months) duration  duration paiens  LBBAP  (months) (ms) (o)

toHEP ) () Quan et al. 2021 Refrospective J 13 3 4 48 I Improvement in
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Shan et of ospective 1 A 3 5 7 Inprovement of

[15] ¢ NHYA
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Single arm Decreased
Pro-BNP
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Improvement of tional
NHYA(p < Single arm
001) Rademakers 2022 Retrospective f§ 2 - 4 - 3 30 Improvement m
etal [56] observa-

Gardasetal. 2022 Prospectv: 6 19 3 ‘ 8 Hmprovement of tional

7] NHYA (p=
BVLCRT) 004 Shan ef al. 2023 Refrospective

Single arm

57 observa-
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Priame porovnanie RKS UPGRADE
na CSP vs UPGRADE na CRT

ventricular pacing Outcome Trial Evaluated

for bradyCardia Treatment Upgrades

Evaluating the benefits of modern pacemakers




Left ventricular dysfunction after pacemaker implantation: who could
benefit from upfront conduction system pacing?

LEFT VENT.sicv i e s vr ramn s snrsm can 2 v = aemsvaaeness see P LANTATION:
WHO BENEFITS FROM UPFRONT CONDUCTION SYSTEM PACING?

678 patients (2010 — 2020) with PM ) PICM definitions e

Echo pre/post PM 1. ALVEF >5%, final LVEF <50% _~

13

LVEF = 50% prior implantation 2. ALVEF >10%, final LVEF <50% -

3. ALVEF >10%, final LVEF <45%
: : 4. Final LVEF <40%
Composite endpoint: 5. Final LVEF <35%

CV death or HF hospitalization

Mean follow-up 4.1 years

PICM Incidence (by definition)
5.0%—19.6% (1.1 — 4.7 per 100 person-years)

Pre-im P lantation Risk Score Pacing-induced cardiomyopathy calculator

GRS W jes)

Risk of pacing-induced cardiomyopathy at 5 years

) RVP: <20 54%
n P = e - = 20-50: T.3%
50-80: 10.3%

r'k Q P"M: ™ " | . =80 13.4%
<15% —> Low Risk R
> 15% -> High Risk

Torres J.L. et al. Heart Rhythm in press



CENTRAL ILLUSTRATION: The CSPACE Trial: Clinical Outcomes of CSP vs

RVsP in Atrioventricular Block

269 consecutive
patients screened

v

202 patients
randomized

1:1
Randomization I

101 assigned 1017 assigned
to RVsP to CSP

Assessed for composite endpoints:
PICM
Need for CRT upgrade

HFH
All-cause mortality

100%
=
B ]
= 20% A l
E—
=E
= o 1
Ea
= S 80% -
= E
S 2 E
= =
E S 70%% - —
-
= 60% - p=0.002
T T
(8] 20 40
Time Point (Months)
Randomization = RV Pacing - CSP
100%% T
k=)
= 4
=
= 952 -
= 2
= 5
gZ ]
=t 20%
= o
= =+ ]
=
=1
E 85%
[ P =0.057
T T
(8] 20 40
Time Point (Months)
Randomization = RV Pacing - CSP

Freedom From Need For
Bi-Ventricular Upgrade

100%

80%

60%

Freedom From Any Endpoint

40 %

100.0%%

97.5%

95.0%0

92.5%6

90.0%

100%6

90%

80%

70%

Freedom From Death

60%

50%0

P <= 0.001
o 20 40
Time Point (Months)
1 P=0.043
T T
(8] 20 40
Time Point (Months)
Randomization &= RV Pacing - CSP
4 P=0.337
T T
(o] 20 40

Time Point (Months)

Randomization = RWV Pacing = CSP

Conclusion: In patients with AV block, CSP resulted in a lower incidence of composite endpoint, primarily driven by lLower PICM and need for
biventricular CRT upgrade, at the expense of higher requirement for lead revision compared to RVsP. There was no difference in HFH or
mortality. This RCT supports the broadening of the indication of CSP as an upfront pacing technique for pacemaker implantation in patients

with AV block.

Chow CL(Dominic), et al. JACC. 2025;86(8):563-573.



Odporucania k UPGRADE na
CSP

O Pravidelné kontroly KS/ICD pocas zivotnosti s osobitnym dérazom
na posudenie upgrade pred vymenou

O Pravidelné kontroly symptomov SZ, ECHO kg, biomarkerov, podielu
komorovej stimulacie, nativheho rytmu, rizika infekcie a stupna krehkosti

QO Idealny pac. na UPGRADE na CSP pri PICMP ma uzky QRS nat. rytmu!
OcCakavame zlepSenie symptomov SZ a ECHO parametrov

O Pri upgrade je ziaduce zapojit vSetky elektrédy do pristroja (MRI kondic.)

EHRA 2025



CRT indication

LBBB Non-LBBB PICM* Non-response to BiV-CRT
A 4 A 4 A 4 A
LVEF LVEF LVEF LVEF
<35% 36-50% =35% 36-50%
[ 1 BiVP [ 1 BiVP
BiVP CSP orCSP BiVP CSP orCSP BiVP CSP

v @2« @& M ™)

@:Ie/non-physiological paced QRS with BiVP or CSP
a

— ——

HOT/LOT-CRT

Failed coronary sinus lead implantation *Various definitions exist for PICM
Jv Most evidence is for BiVP with LVEF £35%

CSP () Advice TO DO (v) May be appropriate TO DO
@ (%) Advice NOT DO DO (?) Areas of uncertainty

Glikson et al.2025




Ako postupovat’ pri
,Kkomplexnych scenaroch“?

Candidates to CRT implant (de movo or upgrade) according to the following indicaticons:

LEASS or RBEE or IVECD pattecerm with RS > 2130 s + LWEF = SS9% - syrmptormatic HE
“ABblate arnd poce™ strategy - LWVWEF <= SO%%

MHMigh dogroc AV Blochk + LWVEF < 3.0

FPercentase of WF > Z20%6 « LWVEF = S596 « symptosmatic BEF

Paced QRS width
Presence of conduction system capture
V, or VL RWPT
VoV interpeak interval
cs» Paced QRS notching
L QRS axis (normal vs. axis deviation)

-’;roxir-\..l His Purkinjo . ) )
conduction block = Absence or minimal acute haemodynamic response to pacing

EP 2025

—— R Anatomical position of LBBAP lead (basal, mid, or apical)

Distal rsSs-Puricanice discasc Diistal MNis- Puricanje discasac
e . distal B85 orvr Purikinjie e . distal BEBE8 or Purkinje
metwwork disease) metwwork disease)

J. Clin. Med. 2023, 12, 6288 https:/ / doi.org,/ 103390/ jcm 12196288




Left vs Left RCT
Co-PIs: Mihail G. Chelu and Kenneth A. Ellenbogen

2136 patients Primary outcomes
T T 55 US and 10 Canada Efficacy
s NALZS +
LVEF <35% vs. 36-50% oot * HFH
LBBB vs non-LBBB Safety

% Complications

If LVEF 36-50%

BivV-P 1:1 His/LB-P

—

Strauss criteria:

* QRSd>140 ms (men) or 130 ms (women)

*QSorrSinleads V1, and V2

* mid-QRS notching or slurring in >2 of leads V1, V2,
V5,V6, |, and aVL. ,




Take home message

1 V Case vymeny EIG treba prehodnotit’ indikaciu
elektroimpulzoterapie- zvazit UPGRADE

1 Upgrade na CSP sa ma zvazit’ u pacientov s vyvojom PICMP

1 Upgrade na CSP sa ma zvazit u pacientov po neuspesnej
implantacii CRT alebo pri nove] AV prevodovej.poruche
vratane dlheho AVB |, vyznamnom rozsireniQRS

1 Upgrade na CSP sa moze zvazit u kandidatov ablacie AV
uzla, najma v skupine starsich pacientov s permanentnou FP
vyznamne symptomatickych hospitalizovanych pre SZ

1 Upgrade na CSP sa mo6ze zvazit u non responderov na CRT
1 Upgrade na CSP patri do skuseneho centra )
[l Presne postavenie jednotlivych strategii nam urCia RKS



Dakujem za pozornost’




