
Keeping the Pace

2023 Heart & Vascular Conference

Jason Payne, MD

Assistant Professor



Disclosures

I have no financial conflicts of interest to disclose

2



Objectives

• Define the various forms of Cardiac Physiologic pacing 
consistent with the recent HRS guideline (2 weeks ago!)

• Understand the benefits of Cardiac Physiologic Pacing
• Know some of the indications for Cardiac Physiologic 

Pacing 
• A brief understanding of the procedure and mechanism 

of resynchronization
• Understand the follow-up of patients with Cardiac 

Physiologic Pacing
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Definitions (New guidelines)

• Cardiac Physiologic Pacing
• pacing intended to restore or preserve ventricular synchrony

• His Bundle Pacing
• Direct stimulation of the His Bundle to engage conduction system

• Left Bundle Branch Area Pacing
• Direct pacing of any part of the LBB fascicular system

• Cardiac Resynchronization therapy
• Aims to restore or preserve ventricular synchrony, most commonly 

refers to BiV pacing
• Biventricular Pacing 

• Two ventricular leads, on in RVA and one in the coronary sinus

4 .Chung, M. K. et al. 2023 HRS/APHRS/LAHRS guideline on cardiac physiologic pacing for the avoidance and mitigation of heart 
failure. Hear. Rhythm 20, e17–e91 (2023). 

https://linkinghub.elsevier.com/retrieve/pii/S154752712302026X
https://linkinghub.elsevier.com/retrieve/pii/S154752712302026X
https://linkinghub.elsevier.com/retrieve/pii/S154752712302026X
https://linkinghub.elsevier.com/retrieve/pii/S154752712302026X
https://linkinghub.elsevier.com/retrieve/pii/S154752712302026X
https://linkinghub.elsevier.com/retrieve/pii/S154752712302026X


Case

• 30-year-old male
• Dilated Cardiomyopathy Diagnosed in 2015
• LV EF at diagnosis was 10%
• On GDMT, his LV EF improved to 50% by 

March 2016
• Did well until November of 2021, when he had a 

decline in EF to 20% and HF exacerbation
• LBBB with QRS duration> 150 ms
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Benefits of CRT

• In patients with heart failure, low 
EF <35% and dysynchrony (LBBB), 
CRT with BiV has become accepted 
as a treatment modality for these 
patients.

• About 70% of patients who meet 
these criteria will respond to CRT

• Improvement in EF
• Improvement in symptoms
• Reduction in LV volume

• CRT is also useful in patients with 
some patients with RBBB

• CTRT is also useful in patient with 
EF < 50% who require > 20 % 
ventricular pacing



Case

• Underwent Bi-V ICD implant in March 2022 at another 
facility. 
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Case

•However, EF remained at 25%

•Stage D, NYHA III-IV

•He was referred to UNMC for a transplant

•HF referred to EP
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EP clinic
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EKG in BiV Pacing



Easy Peasy!
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One million years later.....Mood is 
not Good!
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Left Bundle Branch Area Pacing
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Patients who benefit from 
conduction system pacing

• CSP is useful in HF patients who meet the criteria for 
CRT; however, it cannot be achieved with Bi-V Pacing

• Some physicians are using CSP as 1st line in these 
patients

• The data for traditional CRT, however, is more robust.
• Bi-V Pacing is not as useful in patients with EF > 35% unless they require 

pacing for bradycardia
• Growing data for use of CSP in these group

• BI-V Pacing is not as useful for patient with Non LBBB QRS widening
• Again groin data for the use of CSP is growing
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Pivot to Non HF population
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Right 
Ventricular 
Pacing is 
Imperfect

• Myofibrillar disarray and fibrosis
• Ventricular dysynchrony
• Negative inotropy
• Ventricular dilatation
• Atrial fibrillation
• Heart failure

As little as 20% RV pacing can result in 
pacing induced cardiomyopathy

The incidence of PICM is around 12%



The PAVE Study 
J. Cardiovascular, Electrophysiology 2005 Nov;16(11):1160-5 
Left Ventricular-Based Cardiac Stimulation Post AV Nodal 
Ablation Evaluation 

CTOPP Study 

Patients undergoing first IPG implant, n=2,568 32 
Canadian centers, Prospective, randomized 

Danish Pacemaker Study 

Andersen HR, et al. Lancet 1997;350:1210-16 AAI vs. VVI for 
SSS Danish pacemaker study: AAI had slightly better 

survival and was associated with lower occurrence of 
CHF (native AV conduction is better) 

MOST Trial 

Sweeney M, et al. PACE 2002;25:690
(mode selection trial in sinus-node dysfunction) Hospitalization was not 

associated with mode but with prevalence of more then 40% RV 
pacing 

DAVID Trial 

JAMA 2002;288:3115-23
RV stimulation may be more deleterious in patients with 

advanced LV dysfunction (ICD candidates); DDDR-70 was 
worse than VVI-40; more pacing (60%) was seen in DDDR-
70; however, only 30.8% of the patients had a QRS>130ms 

MOST Sub-Study 

There was a strong association between RV pacing and 

risk of heart failure hospitalizations as well as atrial 
fibrillation (AF) episodes 

Pacing Mode Trials



Effects of Chronic RVA Pacing

• Retrospective Analysis of 1,128 patients 
with moderate LV dysfunction

• Multivariable analysis to determine 
factors associated with worsening EF

• The strongest independent predictor of 
LVEF decrease was the presence of a 
permanent RV apical pacemaker OR 6.6, 
p=0.002

O’Keefe, JH et al. 2005. Effect of chronic right ventricular apical pacing on left ventricular function. The 
American journal of …. (2005).



Right Ventricular 
Pacing Should be 
minimized or 
Avoided

Strategies

1. Alternative Site Pacing
2. Programming to minimize RV pacing

a. AAI programming
b. DDD pacing with a fixed long AV delay

c. Search AV hysteresis algorithms
1. AV search+ (Boston Sci)

d. Algorithms based on the AAI/DDD 
mode switch

1. Managed 
ventricular pacing 
(MVP Mode, 
Medtronic)

2. Ventricular 
Intrinsic 
Preference (VIP 
Mode, SJM)

3. RHYTHMIQ 
(Boston Sci)





Potential 
benefits of 
His Bundle 

pacing

His Bundle Pacing presents a 
potential option
1. Replicates human physiologic 

conduction; His–Purkinje activation 
causes synchronous activation 
and contraction of the ventricles 
and preserved LV function. 

2. Maintains AV and VV synchrony 
3. Lead body potentially all within the 

RA (potentially limiting issues with 
pacing lead related TR)

Permanent HB pacing originally 
described by Deshmukh P et. Al in 
2000





Injury to the HB trunk can damage these 
fibers, resulting in asynchronous HB 

activation and an ECG of bundle branch 
block (BBB), fascicular block, or 

complete AV block.

His bundle pacing (HBP) refers to 
electrical excitation of any part of the 

atrioventricular (AV) junction resulting 
in ventricular activation exclusively over 

the His-Purkinje system.





Longitudinal 
dissociation
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54
Safety and efficacy of left bundle branch area pacing compared with right ventricular pacing in patients with bradyarrhythmia and 
conduction system disorders: a systematic review and meta-analysis

https://www.medrxiv.org/content/10.1101/2023.02.09.23285675v1.full


Patients who benefit from 
conduction system pacing

• CSP is useful in HF patients who meet the criteria for 
CRT; however, it cannot be achieved with Bi-V Pacing

• Some physicians are using CSP as 1st line in these 
patients

• The data for traditional CRT, however, is more robust.
• Bi-V Pacing is not as useful in patients with EF > 35% unless they require 

substantial ventricular pacing for bradycardia
• Growing data for use of CSP in these group

• BI-V Pacing is not as useful for patient with Non LBBB QRS widening
• Again groin data for the use of CSP

• Any patient in whom you would consider placing a traditional RV 
apical Lead

• If <20% VP expected (Class IIB)
• If >20% VP expected (Class IIA)
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