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Pacing Indications

Indication

Bradycardia

Pacing option

Right ventricular apical pacing

RV septal pacing

Outflow tract pacing

Biventricular pacing



MOST trial                                     DAVID trial

Sweeney M, Circulation 2003; Willkoff BL, JAMA 2002

MOde Selection Trial

HF Hospitalization AF

✓ DDDR versus VVIR - SN dysfunction

✓ VP >40% - HFH, AF ↑

✓ ICD indication but No indication for PPM

✓ EF < 40%

✓ DDDR 70 BPM versus VVI 40 BPM

VP 3%

VP 60%

Dual Chamber and VVI Implantable Defibrillator Trial



Predictor of pacing induced cardiomyopathy

Kiehl EL, Heart Rhythm 2016



PIC is common

Pacing-induced cardiomyopathy (PIC) in Major Trials

Cherian TS, Upadhyay GA. Card Electrophysiol Clin. 2018. 



We cannot solve this problem in “RV”

Khurshid S, et al. Heart Rhythm 2014

Kiehl EL, et al. Heart Rhythm 2016



BIOPACE 

BiV pacing for AV block to prevent cardiac desynchronization

Indications for V pacing, EF >40%

“Biventricular pacing disappoints in BIOPACE trial” 2014/9/1 ESC congress media



BLOCK-HF

EF < 40%, CAVB

Curtis AB et al. N Engl J Med 2013

Primary Endpoint (Mortality/HF/LVESVI) 



Pacing Indications

Indication

Bradycardia

Indication

Right ventricular apical pacing

RV septal pacing

Outflow tract pacing

His bundle pacing

Left bundle branch area pacing

- Left bundle branch pacing

- LV septal pacing



Conduction system pacing

Jastrzebski M, et al. EHJ 2022, Lee SR, Lee KY, et al. preliminary

• Most physiological form of ventricular pacing

• Conduction occurs through native His-Purkinje system

• No pacing induced dyssynchrony 

• Both AV and VV synchrony can be achieved at the 

same time. 



His Bundle Pacing

Procedural Challenges
Success rates vary from 70-92%

Difficulty in fixation in 10%

Small target-requires precision

Limited tool set

Lower success in infranodal, HV block

1% transient AV block, 2.5% persistent RBBB

Threshold Challenges
High pacing threshold in 10% at implant

Unpredictable threshold increase in 10% at 

follow-up

Lead revision ~5%

Higher BBB correction thresholds

Sensing Challenges
Smaller R waves (1-3mV)

Ventricular undersensing

Atrial oversensing



Left bundle branch pacing 

• Stable, low thresholds

• Pacing beyond the site of block

• Large R waves, no oversensing

• Left septal myocardial capture



Clinical outcomes [Observational]

HBP vs. RVP LBBAP vs. RVP

Abdelrahman M, et al. JACC 2018; Sharma PS, et al. Heart Rhythm 2022



HBP vs. LBBAP in pacing indication [Observational]

Vijayaraman et al. JCE 2022

HBP LBBAP



Ongoing clinical trials

Adapted from EHRA 2023 Dr. Vijayaraman

PROTECT HF, CSP vs. RVP AV block
Death HFH, 2600 patients



PROTECT-SYNC: LBBAP vs RVP in patients with Vp>40% anticipated
:ClinicalTrials.gov ID: NCT05585411

8 tertiary center

- Yonsei University Severance Hospital

- Seoul National University Hospital

- Asan Medical Center

- Bucheon Sejong Hospital

- Kyung Hee university Medical Center 

- Seoul St. Mary Hospital

- Chungbuk National University Hospital

- Gyeongsang National University Changwon Hospital

450 patients
With stylet driven leads



Pacing Indications

Indication

Cardiac Resynchronization

LBBB

RBBB

IVCD

Mixed disease

Right ventricular pacing

AV node ablation in AF

Pacing option

Biventricular pacing

His-bundle pacing

Left bundle branch are pacing

- Left bundle branch pacing

- Left ventricular septal pacing

LOT CRT

HOT CRT



Limitations of BVP for CRT

• Non-physiological RV endocardial and LV epicardial pacing

• Dependent on venous anatomy 

• Phrenic nerve stimulation

• Scar related latency limiting BVP efficacy

• ~30% non-response or reduced response

• Minimal efficacy in RBBB, IVCD, normal QRS, AV block

• Opportunity to improve further



Clinical outcomes of CSP (HBP or LBBAP) compared to BiV pacing in pateints requiring CRT

A non-randomized, observational, retrospective, two-center study showed CSP improved clinical 

outcomes when compared to BiVP in a large cohort of patients with class I or II indications for CRT. 

CSP was associated with significant reduction in the combined endpoint of time to death or heart 

failure hospitalization (28.3% vs 38.4%; HR 1.52; CI 1.082-2.087; p=0.013).

Heart Rhythm 2022

CSP vs. BiV in pateints requiring CRT  [Observational]



His resynchronization vs. Biventricular pacing

18 pateints with HFrEF and LBBB:  HBP + BiV

QRSd LVAT LV dyssynchrony index Hemodynamic 

Arnold AD, et al. JACC 2018



His-SYNC pilot trial

Upadhyay GA, et al. JACC 2019

EF 28%, NYHA II–IV patients with QRS>120 ms



His-Alternative trial

EF <35%, 

NYHA II–IV, LBBB,

QRS >130-140ms

Vinther, M. et al. JACC EP 2021



LBBP-CRT vs. BiV CRT [Observational]

Comparison of LBBAP to Biventricular Pacing in Candidates for Resynchronization Therapy

JACC 2023

Adapted from HRS 2023 Dr. Vijayaraman



LBBP-RESYNC 

Zou et al. et al. JACC 2022

EF <35%, NYHA II–IV, LBBB, QRS >130-140ms



Ongoing clinical trials

Adapted from EHRA 2023 Dr. Vijayaraman



Non LBBB

Non-LBBB – QRS duration > 150ms : CRT Class IIa

Evidence of CSP – only small retrospective

QRS>150ms

Arch Intern Med 2011



Ongoing clinical trials

Adapted from EHRA 2023 Dr. Vijayaraman



AF AVN ablation with clinical HF 

APAF-CRT trials 

AF > 2 years, mean EF 41% (EF≤35%, 40%), HR 101 bpm  

Eur Heart J 2021



AF, AVN ablation, EF ≤40%

Alternative AF trials 

HBP vs BVP AVN ablation, AF, EF≤40%

Huang W, et al: A multicenter, randomized, crossover study-The ALTERNATIVE-AF trial.

Heart Rhythm 2022,.



HOT-CRT (Feasibility study)

Vijayaraman P, Herweg B, Ellenbogen KA, Gajek J. Circ AE 2019

27 Patients LBBB/IVCD, QRSd >140ms

NYHA class III-IV, LVEF <35%

Success rate : 25/27 patients (93%)

183±27

162±17
151±24

120±16

24±7

38±10

3.4
2.0

HOT CRT trials demonstrated the HBP with LV lead implantation resulted in reduction in QRS duration, 

improvement of EF, LV diameter and symptom relief.



Ongoing clinical trials

Adapted from EHRA 2023 Dr. Vijayaraman



LOT-CRT [Observational]

Jastrzebski M, Vijayaraman P, et al. Heart Rhythm 2021

112 patients, CRT indications

LBBAP with CS/LV pacing 

Successful in 91/112 (81%)

LOT-CRT

Narrower QRSd than BiVP, LBBAP alone

Compared to baseline, improved LVEF, LV volume, NYHA Fc



Summary

• Bradycardia

- HBP, LBBAP > RVP : lower death and HF hospitalization [observational]

- No large-scale randomized controlled trial, especially for LBBAP. 

- PROTECT HF, LEFT HF, LEAP, OptimPacing, … PROTECT SYNC



Summary

• Bradycardia

- HBP, LBBAP > RVP : lower death and HF hospitalization [observational]

- No large-scale randomized controlled trial, especially for LBBAP. 

- PROTECT HF, LEFT HF, LEAP, OptimPacing, … PROTECT SYNC

• Cardiac Resynchronization therapy

- HBP, LBBAP = or > BiV [observational]

- Small pilot studies prove the findings in observational study 

using surrogate outcome (QRSd, NYHA Fc Class, BNP, LVEF…)

- No large-scale randomized controlled trial, evaluating clinical outcomes 

- LEFT vs LEFT, HIS-SYNC II, … 

- Patients with non-LBBB (for CSP, no data), His-CRT trial

- AF AVN ablation (only for HBP, Alternative AF, no RCT data for LBBAP)

- HOT-CRT, LOT-CRT (no RCT data), HOT CRT trial…



Thank you for your attention


