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Objectives

• Discuss the value and safety of exercise training interventions 

after a cardiac event

• Provide an update on the effectiveness of current programs and 

guidelines 

• Showcase new approaches that we are using to optimize aerobic 

exercise training in these populations



Heart Disease
Any condition that affects the structure or function of the heart





Aerobic Fitness & Outcomes in Heart Disease

Myers et al. (2002) NEJM 4346:793-801

Higher aerobic fitness reduces risk of death

“high” aerobic fitness

“moderate” aerobic fitness

“poor” aerobic fitness



Recommendations for Aerobic Exercise in Heart 
Disease Management

Balady et al. (2011) Circulation 124;2951-60

“Given the significant benefits that cardiac rehabilitation (CR) 

programs bring to CV disease prevention, every recent major 

evidence-based guideline from [international cardiology 

societies] ….. about the management and prevention of chronic 

heart disease provides a Class I–level recommendation for 

referral to a CR for those patients with recent MI or acute 

coronary syndrome, chronic stable angina, heart failure, or after 

coronary artery bypass surgery or percutaneous coronary 

intervention.” 



Exercise Training Heart Disease Patients: Is it Safe?

Rognmo et al. (2012) Circulation 126(16):1436-40

Aerobic Ex Indicated for Clinically “Stable” Patients 

• Optimal drug and device therapy

• Controlled angina

• Controlled arrhythmia (device)

• Mentally and physically capable of exercise 

Thompson et al. (2007) Circulation 115(17):2358-68



Is exercise safe?



Cardiac Rehabilitation

Risk Factor 
Assessment 

and 
Management

Nutrition 
Counselling

Patient 
Education

Psychosocial 
Counselling

Exercise 
Training

F = 2 supervised sessions per week

I = 40-80% ሶVO2peak or %HRpeak 

T = 20-40 min

T = aerobic 

Duration = 6 months



Training-induced ∆ ሶ𝐕O2peak and mortality
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High ∆ ሶVO2peak >2.5 mL/kg/min 

Low ∆ ሶVO2peak ≤2.5 mL/kg/min 

Non-responder ∆ ሶVO2peak ≤0 mL/kg/min 

∆ ሶVO2peak 

De Schutter et al. (2018) Eur H J 4;173-79

Greater improvement in aerobic fitness post-CR reduces risk of death

Want to be here

NOT here



Individual training-induced ∆ ሶ𝐕O2peak in CR

Savage et al. (2009) JCRP 29:284-91

Ross et al. (2015) Mayo Clin Proc 90(11):1506-14

De Schutter et al. (2018) Eur H J 4;173-79

Why do so many (~¼) fail to improve 

aerobic fitness after months of exercise 

training? 



Exercise prescription based on % ሶ𝐕O2peak 

Rapid achievement of ሶVO2 steady-state

✓ No metabolic acidosis

✓ No disruption to homeostasis

✓ “comfortably sustainable”  

Delayed achievement of ሶVO2 steady-state

✓ Slight metabolic acidosis

✓ Homeostasis challenged but maintained

✓ “uncomfortably sustainable”

No achievement of ሶVO2 steady-state

✓ Worsening metabolic acidosis

✓ Homeostasis lost

✓ “uncomfortably unsustainable”

moderate

heavy

severe

moderate-heavy boundary = 70% ሶ𝐕O2max                         heavy-severe boundary = 85% ሶ𝐕O2max

(75%HRmax) (90%HRmax)



Variability of Domain Boundaries in CR

LT RCP
moderate heavy severe

Keltz et al. Can J Cardiol 2023;39(11):1701-11

n=350, 43 F; 25-89 yrs

Randi Keltz



Guidelines vs domains in CR patients

Keltz et al. Can J Cardiol 2023;39(11):1701-11



Terada et al. APNM 2024;54(12):2993-3003

If ሶVO2peak is 70% of ሶVO2max and training target is 50% ሶVO2peak; actual training intensity is 35% ሶ𝐕O2max!

The other problem with % ሶ𝐕O2peak…
What if ሶ𝐕O2peak ≠ ሶ𝐕O2max? 

In many cases, ሶ𝑽O2peak is submaximal 



Quantifying individual improvement
How do we measure real change in ∆ ሶ𝑽O2peak?

Savage et al. (2009) JCRP 29:284-91

Ross et al. (2015) Mayo Clin Proc 90(11):1506-14

De Schutter et al. (2018) Eur H J 4;173-79

Practice Exposure

Biological Variability

Measurement Errors

Do ¾ of patients actually improve?

How do we define reliable change? 



Faricier et al. JCRP 2024;44:121-30

n = 66

Reasons for patient referral:

• MI - Myocardial Infarction (n=33)

• CABG - Coronary Artery Bypass Graph (n=14)

• PCI - Percutaneous Intervention (n=13)

• ACS - Acute Coronary Syndrome (n=6)

Left Ventricular Ejection Fraction:

• “Normal” (>50%) (n=47)

• “Mild Dysfunction” (41-47%) (n=14)

• “Moderate Dysfunction” (<40%) (n=2)

• Not Obtained (n=3)
19  47

Coronary Artery Disease Robin Faricier

x3

Modified Bruce Protocol

Quantifying individual improvement
How do we measure real change in ∆ ሶ𝑽O2peak?



Positive

Responders
Negative

Responders

Non – Responders Non – Responders

0-MMC +MMC 

Practice Exposure

Biological Variability

Measurement Errors

vs. Test 1 Test 2

Determining minimal meaningful change in ሶ𝐕O2peak

Faricier et al. JCRP 2024;44(2):121-30

∆ ሶ𝐕O2peak
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3.6 mL.kg-1.min-1 

-3.6 mL.kg-1.min-1 

A = Positive responder

B = Positive responder

A

B

Non-responder

Mean difference: 

-0.11 mL.kg-1.min-1

Positive responder

B

Faricier et al. JCRP 2024;44(2):121-30

Reproducibility of ሶ𝐕O2peak in CR and MMC

MMC reduced to 2.8 mL∙kg-1∙min-1 if familiarization included (i.e., Trial 2 v Trial 3)



< -MMC 

> MMC 

Changes in aerobic fitness at St. Joe’s 

∆ ሶVO2peak

Keltz et al. Int J Cardiol 2024;412:132335

Pre-to-post changes in ሶVO2peak and ሶVO2 at LT and RCP following 6 months of supervised exercise training in CR 

n=303

De Schutter et al. Eur Heart J  2018;4:173-9

High ∆ ሶVO2peak >2.5 mL/kg/min 

Low ∆ ሶVO2peak ≤2.5 mL/kg/min 

Non-responder ∆ ሶVO2peak ≤0 mL/kg/min 

∆ ሶVO2peak 



Can we do better?



Domain-based EX Rx in CR – is this new?

Incremental vs Constant Exercise

Faricier et al. (2025) MSSE 57(7):1593-02



Domains in CAD
MOD

HVY

SEV
✓ Domain-based exercise prescription is feasible in patients with CAD

Can it be used to eliminate “non” or “negative”-responders? 

Does intensity matter?

n=13

Faricier et al. (2025) MSSE 57(7):1593-02



DOSE-EX-CAD

Inclusion

Exclusion



DOSE-EX-CAD



DOSE-EX-CAD

n = 108

n = 36

MOD

Intervention

Phase 1

PRE

Testing

MOD

HVY

HIIT

W
o
rk

-m
a
tc

h
e
d

85%GET  – 50 min

∆70  – 30 min

Work: 4 min @ 115%RCP

Rest: 3 min @ 85%GET

Intervention

Phase 2

POST

Testing

Testing Intervention

Day 1

Day 2

Total 36 sessions

MID

Testing

CO rebreathing

COHb

DXA

MOD

acetylene breathing85%GET

GET

RCP

∆70

115%RCP

blood gas

“SRS” Protocol

Step-incremental Protocol

n = 36

HVY

n = 36

HIIT

6 weeks, 3x/week 6 weeks, 3x/week

HVY



DOSE-EX-CAD
testing

Day 1

 ay  CO rebreathing

COHb

DXA

MOD

HVY

acetylene breathing 5%G  

GET

RCP

∆70

115%RCP

blood gas

“SRS” Protocol

Step-incremental Protocol

body composition

exercise ሶ𝐕O2, ሶ𝐕E, ሶ𝐐, SV, HR, BP, a-vO2diff 

ӨLT, RCP, and ሶ𝐕O2peak

exercise blood gas (PaCO2), metabolites

blood and plasma volume,  Hbmass
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SEV
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85%GET  – 50 min

∆70  – 30 min

Work: 4 min @ 115%RCP

Rest: 3 min @ 85%GET

Total 36 sessions

S006 S001 S002



DOSE-EX-CAD
“responders” vs “non-responders(?)”
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Summary

1. Exercise is a safe and effective strategy for improving outcomes 

after a cardiac event

2. We must consider interindividual differences in metabolic 

thresholds when prescribing aerobic exercise

3. Variability in “responsiveness” of ሶVO2peak to aerobic training may 

stem from inaccurate exercise prescription based on % ሶVO2max 

4. Studies of accurately prescribed, domain-specific exercise (e.g. 

DOSE-EX-CAD) will help identify optimal training strategies in 

those who stand to benefit most
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