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RV apical pacing

❖ Cellular disarray

- Fibrosis (away from pacing lead location)

- Fat deposition

- Calcification

- Mitochondrial abnormalities

❖ Remodeling

- Modified regional blood flow patterns

- Increased oxygen consumption without increase in blood flow

- Abnormal thickening of LV wall

Karpawich PP, et al. Am Heart J 1990;119:1077-83

Right ventricular pacing in permanent pacemaker causes ventricular 

dyssynchrony because of non physiologic electrical conduction system.

→ All cause mortality , Heart Failure Hospitalization 
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DAVID Trials (2002)

✓ 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

MOST Trials (2002)

MOde Selection Trial

HF Hospitalization AF

✓ DDDR versus VVIR - SN dysfunction

✓VP > 40% - HFH, AF ↑
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Cardiac physiologic pacing (CPP)

• Cardiac physiologic pacing (CPP) : Restore or Preserve Ventricular synchrony. 

CRT(Cardiac Resynchronization Therapy) + CSP (Conduction System Pacing)

CRT CSP

HBP LBBAP
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CRT (Cardiac Resynchronization Therapy)

• CRT is recommended for symptomatic patients with HF in LBBB and with EF <35% despite of OMT

COMPANION, CARE HF, MADIT-CRT, RAFT study ....... 

ESC 2021 Guidelines
CRT is biventricular pacing 
where LV lead is positioned 
in the coronary sinus.
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CRT (Cardiac Resynchronization Therapy) – CAVB

EF < 40%, CAVB : BLOCK-HF

EF > 40%, CAVB : BioPACE Data on benefit of CRT are conflicting with respect to 

hospitalization, and No mortality benefit

Curtis AB et al. N Engl J Med 2013;368:1585-1593

Primary Endpoint (Mortality/HF/LVESVI) 

ESC 2021 Guidelines
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CRT non responder

Extent of LV Reverse Remodeling After 6 months of CRT 
• 43% of CRT patients classified as non-responders or negative-responders 
by LVESV after 6 months(N=302) 

Ypendburg et.al JACC 2009;53:483-490 

Risk factor 

Patient clinical characteristics

Ischemic Cardiomyopathy

Male

QRS duration < 150 ms

RBBB, intraventricular conduction delay

LV end-diastolic volume >240 mL

Ventricular dyssynchrony- Not present

High transmural scar

Right ventricular enlargement, dysfunction

Device-modifiable factors

LV lead position

Anterior or inferior septum, apex

BiV pacing < 99%, atrial fibrillation, PVC’s

Not optimal AV and VV optimization
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Conduction System Pacing, CSP

AV 

node His 

Bundl

e

Left 

Bundl

e

What treatments should be considered for patients 
who do not respond to CRT?
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His Bundle Pacing

1. Advance / Clockwise Rotation -> Cross tricuspid annulus -> RV

2. Withdraw / Counterclockwise Rotation towards superior margin of 

septal TA 

3. Look for His Potential
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His Bundle Pacing

His bundle pacing can narrow the QRS duration, reduce the risk of death, heart failure hospitalization, 
upgrade to CRT when compared with RV pacing.
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His- SYNC Pilot Trials  (CRT vs. HBP)

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

Heart Rhythm 2019;16:1797–1807
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His-Alternative Trials (CRT vs. HBP)

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

Vinther, M. et al. J Am Coll Cardiol EP. 2021;7(11):1422–1432.
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His Bundle Pacing Limitations 

1. Lead positioning, capture threshold, long 

term stability -> Backup !!

ESC 2021 Guidelines
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LBBAP, Left bundle branch area pacing

Heckman LIB et al. J Clin Med 2021, 10(4).
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Left Bundle Branch Pacing 

Seek 
LBB potential

Sheath Pacing
W shape in V1

Unipolar Pacing
Drilling

Bipolar pacing
Threshold test
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LBBAP, LBB area pacing

Melos study is a prospective, multicenter, registry based observational study in Europe
Efficacy and Safety of LBBAP
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LBBP-RESYNC (CRT vs. LBBP)

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

Wang Y, et al. J Am Coll Cardiol. 2022;80(13):1205–1216.
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1. Implant Failure

Implant failure : HBP 40% CRT 20% LBBAP 10% 

Recommendations COR LOE

In patients undergoing CRT with BiV pacing implantation via the CS, crossover to CSP with 
HBP or LBBAP is reasonable when the CS LV lead placement is unsuccessful or suboptimal. IIa C-LD

In patients undergoing CRT with BiV pacing implantation via the CS, crossover to surgical 
epicardial CRT with BiV pacing might be reasonable when the initial approach is unsuccessful or 
suboptimal. 

IIb C-LD

His-SYNC Pilot Trials

47%

20%

Crossover - 36%  (HBP 47%, CRT 20%)

LBBB RESYNC Trials

Crossover - 15%  LBBAP 10%, CRT 20%)
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2. CRT Non responder

Rescue Left Bundle Branch Area Pacing

Vijayaraman P et al. Rescue left bundle branch area pacing in coronary venous lead failure or nonresponse to biventricular 

pacing: results from International LBBAP Collaborative Study Group. Heart Rhythm 2022;19:1272–1280. 

In patients who did not respond to CRT, LBBAP has shown the reduction in EF, end diastolic volume, 

diameter, which leading to decrease the death or HFH. 
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3. Non LBBB

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

Evidence of CSP – only small retrospective

QRS>150ms

Arch Intern Med 2011 12;171(16):1454-62.

In patients with non LBBB and QRS duration  of 150ms, CRT is indicated as a class II 
recommendation based on evidence from studies such as  Companion, Care HF 
If effective CRT cannot be achieved, CSP can be attempted as an alternative option.
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4. AF, AVJ ablation, EF < 50%

APAF-CRT trials 
AF > 2 years, EF 41%, HR 101 bpm 

Eur Heart J . 2021 Dec 7;42(46):4731-4739.

In patients with AF and reduced EF, AV node ablation and 

CRT is indicated when HF, rate uncontrolled.
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4. AF, AVJ ablation, EF < 50%

Alternative AF trials HBP vs BVP AVN ablation, AF, EF<50%

Huang W, et al: A multicenter, randomized, crossover study-The 
ALTERNATIVE-AF trial. Heart Rhythm 2022, 19(12):1948-1955.
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5. HFmrEF (EF 36-50%)

QRS > 150ms : CRT, CSP class IIb

Indian Heart J. 2019 71(3): 229–234.

India, Single center

23 CRT-P patients

EF 36-45%

Prospective 

2 years clinical follow up

Evidence: Small single center studies
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HBP + BVP (HOT–CRT, His Optimized CRT)

Vijayaraman P, Herweg B, Ellenbogen KA, Gajek J: His-Optimized Cardiac Resynchronization Therapy to Maximize Electrical 
Resynchronization: A Feasibility Study. Circ Arrhythm Electrophysiol 2019, 12(2):e006934.

27 Patients LBBB/IVCD, QRSd >140ms
NYHA class III-IV, LVEF <35%

Success rate : 25/27 patients (93%)

HOT CRT trials demonstrated that HBP with LV lead implantation resulted in reduction in QRS 

duration, improvement of EF, LV diameter and symptom relief.
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LBBAP + BVP (LOT-aCRT)

Jastrzebski M, Moskal P, Huybrechts W, et al. Left bundle branch-optimized cardiac resynchronization therapy (LOT-CRT): 

results from an International LBBAP Collaborative Study Group. Heart Rhythm 2022;19:13–21. 

CRT LBBAP LOT-CRT
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Summary

1) LBBB EF <35%, QRS >120-150 - Class I CRT (If fail, Class IIa CSP)

2) Non – LBBB EF <35%, QRS >150 Class IIa CRT Class IIb CSP

3) Implant Failure, Non Responder Class IIa CSP

4) AF Class IIa CRT Class IIb CSP

5) HFmrEF (EF 35-50%) (LBBB>150ms) Class IIb CRT, CSP

6) Combination (CRT-CSP) 

RVP BVP HBP LBBAP
LOT CRT

Myocardial Pacing Conduction System Pacing
HOT CRT
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