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Betablocker Cardioprotection Myth
“ low heart rates are better ”

Beneficial in HFrEF

Lower Blood Pressure

Less Angina

Rate Control in Atrial Fibrillation

Prolong Ventricular Filling

TRUE

not HFrEF with AF

Inferior to Other BP Medications 

no Mortality Reduction 

Inferior to Diltiazem and Digoxin

Higher Filling Pressures

BUT11% (2011-2012)
10% (2021-2023)

National Center for Health Statistics. National Health and Nutrition Examination Survey: 2011-2012, 2021–2023 

Betablocker Effects and RCTs

unpublished
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Stopped for futility and safety concerns More deaths

More HF and cardiogenic shock

Contemporary Evidence

No benefit

Lower Heart Rate Higher Filling Pressure 

Below Normal Heart Rates
Higher Filling Pressures 
Chronotropic Incompetence

Dyspnea on Exertion
Reduced Exercise Capacity
Weight Gain / Diabetes
Higher NT-proBNP levels

Betablocker “HFpEF in a pill”

Meyer..LeWinter Circ HF 2019,   Habel..Meyer IJCCRP 2023,    Meyer..Lustgarten Europace 2023

62 bpm
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What Drives 
HFpEF and AF ?

High Filling Pressures Drive AF and HFpEF

Khan..Meyer JACC HF 2023 Habel..Lustgarten.Meyer Heart Rhythm 2025
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High Filling Pressures Drive AF and HFpEF

Khan..Meyer JACC HF 2023 Habel..Lustgarten.Meyer Heart Rhythm 2025

Pieter Bruegel the Elder The Land of Cockaigne 1567

AF/HFpEF Twindemic
Two dishes - same ingredients

HFpEF

AF

Habel..Lustgarten.Meyer Heart Rhythm 2025
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Going to the Dark Side of Heart Rate

DON’T GO THERE !

Pacing for HFpEF
Contradicting Experts & Guidelines
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PARADIGM

Millennial Atenolol Admissions

Martin LeWinter
Peter Van Buren
Burton Sobel

Bench Research

Heart Rate & Calcium Handling

KARL

Science Progresses one Funeral at a Time
Max Planck 

Cardiac Pacing Done Best ®

Infeld.Habel..Lustgarten.Meyer 2024 

Dan Lustgarten
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PACEMAKER SYSTEM
Normal Activation Sequence 

Accelerated Pacing

Bench - Animal Model - Patients

Hypo-
phosphorylation

Zile..LeWinter Circulation 2015

Myocardial Stiffness
Regressive Remodeling + Fibrosis + Titin

Patient Biopsies
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Normal Abundance of Immune Cells
no pro-inflammatory pathway activation

Ye..Meyer Circulation HF 2023

Slow Relaxation 
[Cellular Calcium]

calcium

Runte..Meyer Circulation HF 2017

force

Patient Biopsies

Selby..Meyer JACC 2011
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Silverman..Lustgarten.Meyer JAHA 2020

Ca2+

In-vivo Translation of Augmented Ca2+-Handling

Meyer LeWinter Zile Circulation 2021 Modified from Infeld Heart Rhythm O2 2024

abbreviated diastole → more diastolic tone [Ca2+]
→ less passive stiffness → lower filling pressure
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Accelerated Pacing in HFpEF
LVEDP 17±5 mmHg  9±3 mmHg

Atrial Decongestion

Accelerated Pacing - HEMODYNAMIC EFFECT

Elevated Resting Heart Rates
 Lower Filling Pressures

Silverman..Lustgarten.Meyer JAHA 2020

Ca2+ 

Ca2+

Accelerated Pacing - REMODELING EFFECT 

Physiologic
Remodeling

Accelerated Pacing

HTN

90
bpm

TiC
HFrEF

170
bpm

PLASTICITY MODULATION
· athletic remodeling ·

Accelerated Pacing
↑ LV Volume
↓ LV Thickness
↓ EF

Heart Rate = Dose
“rate-shape”

Klein..Meyer AJP 2017
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Accelerated Pacing - REMODELING EFFECT 

1971-74 NHANES in 28,043 adults

60 - 100 bpm
mean 80 bpm

Normal Resting Heart Rates

Gillum Public Health Rep 1992
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~600 bpm

Allometric Scaling of Heart Rate

~10 bpm

Heart Rate / Height Relationship

Infeld..Meyer Heart RhythmO2 2021 

The Jordans
198 cm (6′ 6″)

The Witherspoons
155 cm (5’ 1’’)

Population Data
60 - 100 bpm

2.5% of adults HR ≤ 60 bpm

~ 80 bpm

~ 60 bpmHeart rate [bpm] = (Height [cm] x -0.37) + 135)

co
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I
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Mean Heart Rates in HFpEF

Most HFpEF Patients Have 
Below Normal Heart Rates

Aiad..Meyer ESC HF 2025

 Less Betablocker  More Room to Breathe

Meyer EHJ 2024

myPACE Algorithm
height-based EF-modified personalized heart rate 

Safe and Efficacious Heart Rates 
Across EF Spectrum

Infeld..Meyer Heart RhythmO2 2021 

EF change   rate adjustment

Infeld.Habel..Lustgarten.Meyer Heart RhythmO2 2024 
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Bachmann Bundle Pacing
faster atrial activation

Heart Rhythm 2025 Lustgarten..Meyer unpublished

MLHFQ
Health Status

QoL

NT-proBNP Physical Activity Hours AF Burden

myPACE
Accelerated Pacing 70-80bpm Usual Care 60bpm

Infeld..Meyer JAMA Card 2023
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myPACE follow-up >3yr

Clinical OutcomesCardiac Plasticity

Wahlberg..Meyer JAHA 2024
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Infeld..Meyer JAMA Card 2025

LV septum thinner 
LV volume up
LA volume down
LVEF -3%

31 vs 5 events

CLIP-HFpEF
Cilostazol vs Placebo

Pulmonary Artery PressureHealth Status NT-proBNP

Aiad..Meyer ESC HF 2025
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Riaz..Weissler-Snir JACC 2024 Meyer..Roukoz JACC CR 2024

Non-obstructive
Hypertrophic Cardiomyopathy

Cardiac 
Amyloidosis

Other Populations to Benefit

AF
ELEVATED RATE FLOOR 
Lower Atrial Pressure

Prevents Pauses

Primary Prevention 
Secondary Prevention

Other Populations to Benefit

AF
IRREGULOPATHY

modified from Pabon..Vaduganathan JACC 2025

Sarcoplasmatic Reticulum
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APAF-CRT

n=133

Pace-and-Ablate in AF
irregular  regular

Brignole..Van Gelder EHJ 2021

“Pace-and-Wait”
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 %

non-permanent AF
accelerated comprehensive CSP

Habel..Lustgarten JACC CR 2025

regular calcium-cycling
NO PAUSES

irregular calcium-cycling
WITH PAUSES

Mitral/Tricuspid Valve Regurgitation
closing-the-gap

unpublished

Higher Heart Rates

Less Chordal Pull

Better Coaptation 
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Pacemaker
from back-up to continuous pacing

Hemodynamic Booster + Rhythm Manager
+ FitBit + Plasticity Regulator 
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unpublished
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Conduction System Pacing for HFpEF

unpublished

CONCLUSIONS

ELEVATE-HFpEF
n=500      NCT06678841

HFpEF/AF Shared Myocardial Substrate 

Personalized Accelerated Conduction System Pacing
Disease/Substrate Modifying Effects

Prevention and Treatment HFpEF/AF 

FIRE-HFpEF
n=50      NCT06678841
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Studies
Stephen Bell
Franziska Klein MD PhD
Rich Lachapelle
Betsy Runte MD PhD
Rachel McEntee MD
Lakshmi Nambiar MD
Mehdi Rambod MD
Srinath Yeshwant MD
Maren Arnold MD PhD
Daniel Silverman MD
Bo Ye MD PhD
Norman Aiad MD
Elle Nelson BS
Jillian Cicero BS
Neal Duong PhD

Collaborators
Daniel Lustgarten MD PhD (UVM)
Martin LeWinter MD (UVM)
Kramer Wahlberg MD (UVM)
Lilach Lerman MD PhD (Mayo Clinic, MN)
Mike Zile MD (MUSC, SC)
Brad Palmer PhD (UVM)
Tim Plante MD (UVM)
Julio Núñez MD (Valencia, Spain)
Joost Lumens PhD (Maastricht, Netherlands)
Jop van Berlo MD PhD (UMN)
Nicole Habel MD PhD (UVM)
Margaret Infeld MD (Tufts, MA)
Paul Iaizzo PhD (UMN)
Henri Roukoz MD (UMN)

Burton Sobel MD (UVM)
David Schneider MD (UVM)

Trina Brand PhD
Evan Liberman 
Paul Ziegler PhD
Troy Jackson
Tom Mullen PhD

Thank You and ELEVATE*
*EF≥50%
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