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WHYwe need CSP?

WHENshould we use CSP?

HOWdo should we do CSP?



What is Wrong with Right Ventricular Pacing?

Vernooy et al., JICE 2003



Risk of Developing Pacing Induced Cardiomyopathy

Ponnusamy et al., Heart 2023

Overall Prevalence: 13%                   LVEF<50% cutoff: 16%      LVEF<40%: 11%



Meiburg et al., Europace 2003

Right ventricular
apical pacing

Non-selective
LBBP

Selective
LBBP

Selective
His-bundle pacing

Comparison of Different Pacing Strategies

Conduction System Pacing = Potential to Preserve Physiological Activation



Conduction System Pacing vs. Right Ventricular Pacing

Study Group Study Population n Primary Endpoint

Kronborg MB et al., 2014 HBP vs RVP AVB, QRS<120 ms, LVEF>40% 38 LVEF change

Mizner J et al., 2023 HBP vs. RVP AVB, QRS>115 ms, LVEF≤60% 92 LVEF, QRS width

Wang J et al., 2020 LBBAP vs. RVP AVB, LVEF≥50% 131 Depolarization-repolarization reserve

Zhang JM et al., 2019 LBBAP vs. RVP AVB, SND 44 QRS width

Das A et al., 2020 LBBAP vs. RVP AVB 53 LVEF change, QRS width

Yao L et al., 2022 LBBAP vs. RVP AVB III 50 Left ventricular strain (GLS, GRS, GCS)

Gonzalez-Matos CE et al., 2024 CSP vs. RVP AVB, LVEF>40%, VP burden>80% 75 LVEF change / LVEDD, HF admissions

Curila K et al., 2025 CSP vs RVP AVB, LVEF>45% 249 LVEF change, CRT upgrade+death+HF hospit.

Randomized Clinical Trials



His / Para-His Pacing vs. Right Ventricular Pacing Kronborg et al., Europace 2014

▪ 38 patients (67± 10 ys)
▪ AV block
▪ LVEF > 40%
▪ QRS < 120 ms 

12 Months Follow-up

*p=0.005

Double-blind, Randomized, Crossover Study
HSP vs. RVS; n = 38



His Bundle Pacing vs. Right Ventricular Pacing

Non-randomized Cohort Comparison
HBP (n = 322) vs. RVP (n = 433)

Abelraham et al., JACC 2018

▪ 755 patients (332 HBP, 433 RVP)
▪ 2 sister hospitals

✓ one aiming for HBP
✓ one aiming für RVP



Vijayaraman et al., Heart Rhythm 2024

Conduction System Pacing vs. Right Ventricular Pacing

MEDICARE Population
CSP (n = 6.197) vs. RV-pacing (n = 16.989)
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2025 ESC Consensus Statement on Indications for CSP

It may be appropriate to implant CSP 

in patients with AV-block and LVEF>40% 

with an anticipated VP burden >20%

It may be appropriate to implant CSP 

in patients with AV-block and LVEF<40% 

with an anticipated VP burden >20%

In patients with AV-block and infre-

quent (<20%) anticipated VP burden, 

it may be appropriate to implant CSP 

in combination with minimized ventricu-

lar pacing strategies

MAY BE APPROPRIATE TO DO

High quality, large
observational studies

High quality RCT
> 1 moderate quality RCT
metanalysis of moderate
quality RCT



Electrical Effects of CSP vs. RVP on the Right Ventricle

Meiburg et al., Europace 2003
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Mechanism of Tricuspid Regurgitation

Murphy SP et al., J Cardiovasc Electrophysiol 2024

1. Iatrogenic LBBB

2. RV Dyssynchrony

3. Lowered LV Systolic and Diastolic function

4. Lower RV Function

Electrical



Mechanism of Tricuspid Regurgitation

Vaturi M et al., Euro J Echocardiogr 2010

Conduction system

pacing may prevent TR by

avoiding dyssynchronous

contraction

Electrical dyssynchrony 

caused by RV pacing is 

associated with TR 

worsening 

independently of changes in 

RV size or interference with 

valve closures



Prevalence of CIED-associated Tricuspid Regurgitation

One out of 4 patients is affected (24%)

Mortality increase 
by 140%

Andreas M et al., Eur Heart J 2024



Tricuspid Regurgitation: LBBAP vs. His-Bundle Pacing

HBP: Pacemaker Induced Tricuspid Regurgi-
tation (10 studies, n = 546)
▪ rare
▪ none, if paced from the atrial aspect of the 

tricuspid valve

LBBAP: Pacemaker induced Tricuspid Regurgi-
tation (observational study, n = 89)
▪ up to 32.6%
▪ Lead-TA-dist ≤ 16.1 mm is an independent 

predictor of TR deterioration

In patients requiring sparing of the tricuspid valve (e.g. 

transcatheter repair), it is advised that HBP is preferred 

over LBBAP



Infranodal / Nodal AV-Block: LBBAP vs. His-Bundle Pacing 

▪ 333 patients (75.7± 22 ys)

     (CSP successful in 97%)

▪ AV block 

Prospective, Observational Study
HBP (n = 140) vs. LBBAP (n = 179)

(55%) (45%)In patients with significant aortic valve disease (which 

may require future intervention), infra-nodal AV block,

it is advised that LBBAP is preferred over HBP



Pacing in Specific Situations: AV-block post-TAVI

Non-randomized Single-Center Study
CSP (HBP = 10, LBBAP = 20) vs. RVP (n = 30)



Trial Name Study Group Study Population n Primary Endpoint Est. Completion

SOFT PRIMARY ENDPOINTS

BOSTON PACE LBBAP vs. RVP LVEF≥50% + AVB with VP>40% 100 Change in LVEF and LVESV at 12 month 04/2025

STAY LBBAP vs RVP LVEF>40% and AVB with VP>50% 75 Change in LVEF at 6 months 12/2025

LEAP-CAR LBBP vs RVP LVEF>45% + advanced AVB 130 Change in LVEF at 12 months 06/2026

LBBP in TAVI LBBAP vs RVP TAVR + LVEF<50% + pacing indication 50 Change in LVEF at 12 months 06/2026

PROTECT-UP CRT upgrade vs RVP PM in place+LVEF 35-50% +HF deterioration 155 Quality of life (SF-36) at 14 months 08/2026

PhysioVP-AF HBP/LBBAP vs RVP SND + 2nd degree AVB 400 Freedom from persistent AF at 36 months 07/2027

ESCPAND HBP/LBBAP vs RVP
HF+pacing indication+LVEF<50% or 
≥50%+diastolic dysfunction

75 Change in VO2 peak at 24 month 12/2027

COMBINED SOFT AND HARD ENDPOINTS

LEAP LV septal pacing vs RVP LVEF>35% and AVP with VP>20% 470 Death or HF Hosp or LVEF decline<10% at 12 month 05/2025

Protect-Sync LBBAP vs RVP PM indication with anticipated VP>40% 450 Death or HF Hosp or LVEF decline<10% with upgrade 11/2026

OptimPacing LBBAP vs RVP LVEF≥35%,AVB II/III or AV with HR<50/min 683 Death or HF Hosp or occurrence of PICM at 6 month 12/2025

PHYSPAVB HBP/LBBAP vs RVP LVEF>50% + AVB with PM indication 200 PICM (HF Hosp or LVEF<45%) at 12 month 12/2025

LEFT-HF LBBAP vs RVP LVEF>35% and AVB with VP>90% 1300 Cardiovascular death + HF events + change in LVESVi 07/2027

HEART PRIMARY ENDPOINTS

LEAP-BLOCK LBBAP vs RVP AVB and LVEF≥50% 458 All-cause death, HF Hosp and upgrade to CRT at 2 ys 12/20025

PROTECT-HF HBP/LBBAP vs RVP
AVB or fascicular block with PM indication 
or AF+AVNA

2600
Death any cause
Unplanned HF acute care up to 78 month

12/2029

Ongoing Randomized Clinical Trials on CSP in Bradycardia 

Preserve-Synch-DZHK30



Thanks a lot for your attention!

info@dhzc-charite.de | www.dhzc.charite.de
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