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Clinical decisions & patient exercise programming should use sound judgement & reasoning

Each patientshould be treated as an individual as guidelines are used as a “guide”
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Objectives

Understand currente xercise assessmenttechniquesfrom
i fterature, incl i

functional testing play when cardiopulmonary exercis e & for

graded exercise testing are not availableor feasible.

Describeexercise pre scription pre cis ion medicine
Exercise intersity
Exercise progression

Exercise volume

Includeres istance training in pers onal ized e xercise training
progrms foll owing recommended guidelines for individuals with
CVD & Pulm dx.
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Iy 1]
Why is what we do important?

Every 1 MET increase in peak ,approx.25% r ion CVD mortality

10% training intensity increas e (% VO2peak) helps increase VO2peak by 1.0 mlkgimin (7%
CV D mortality reduction)

Precision medicine targets risk factors subse quently helping all aspects of secondary
prevention

Individualizing treatment plans optimizes patient outcomes & improves QOL
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Decline in CRF with Aging .
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Iy 1]
Current Guidelines & Literature supporting CR/PR

testing & p ho I

lse progr m patientoutco mes & experience
Precision medicine targets risk factors (ExRx is 1 key piece)
Beneflts shown to reduce CVD mortallty up to 36%
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Clinical Exercise Test Types
Card b puimonary Exerclise Tast (CPET, CPX)-
comerstone of care
Graded Exercise Test (GXT, ETT) - only see hoart
function
Exerc lse Echoc ardlo gram Te st (EET, Stress Echo)

Exerclse Nuclear Stress Test (Exercise Nuc, Nuc
Stress)

Non-exercise tests:

Dobutamine Echoc ardiogram Stress Test (DOBI)
Nuclear Stress Test (Nuc Stress)

Cand lnc Magnetic Resonance inaging (CMRI)
Calclum Computed Tomog raphy (CCTA)
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Submaximal Exercise or Functional Test Types

Six Minute Walk Test (6MWT)

YMCA Cycle Ergometer Test (2-3 submax workloads)
Shuttle or Beep Test (not used clinically, rarely in research)
Timed Get Up and Go

1min Sit to Stand

Short Physical Performance Battery
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Variables measured during Clinical Exercise Tests
CPET GXT EET Exercise Nuc 6MWor submax Functional
Testing

HR X X X X X X

BP X X X X X X

Worklo ad X X X X X

Vo2 X Pre dicted

METS X X X X Pre dicted

RER X

Ve/VCO2 ratio & | X

slope

Vi X

Other 02 Sat 02 Sat Echo Perfusion 02 Sat, distance Per test

Hev o

|
CPET Indications — what they evaluate

Exercise tolerance & indiagnosede e cise intolerance Exercise as sessment & R for CRIPR
Patients with cardiovas cular disease Disability or Impairment
Patients with e spiratory dis eas es /sy mptoms. Lung heart, and heartlung transplantcanddacy

Preoperativeeval uation

Babdyota Taing n Aduts Giraltion20; 22.191.2
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VO2peak Range — what's expected

HF 60 yr. Fit
10-15 30-35

] | | |

—_—

Rest CABG College Male Greg LeMond
35 20-25 4045 90
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Normal CPET values

FEV1/FVC 70% or greater

Ve/MVV ratio <80 % (Breathing reserve 20% or >)
VO2 @ rest Approx 3.5 ml/kg/min

VO2peak 80% predicted or greater

Ve/VCO2 slope <30 if not <25 “healthy nomal’

AT orVT1 40% predicted VO2peak or greater
RER orRQ 1.1 or greater = maximal e ffort

02 pulse 80% or greater

PetCO2 @ rest 36-44 mmHg
w NZReT

CPET Physiology — coupling & cellular respiration - heart, lung, &

muscle together
VO, peak = (SVimax X HRp) X (€20, = CVO,) o

“om ~ Sarcopenia
+ Card s © Hatabeli scdass
+ Cardompepathy

sdpted fom Wasamn 197

 NOVANT
B HEALTH

Courayof laurRcrarson

I
CPET Tools

Fick princi ple:

VO:= CO  + AVOzamnce

VO: = sJ-\m - AV atencs

vOo: =E/D\> EF * HR * AVO: astwrance

VO: =EDV -ESV + HR *Hb * ([0], - [0.1,)
GPET markers related to p :

V02 pe ak

Ventilatory efficienty (Vel VCO2 siope) ~
Tidalvolume & e spiratoryrate

Breathing res erve
ChronatrpicH R response
Oxygen puse
Bloodpressure
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The unexpected can be seen — In whom do you usually see this?
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Ventilatory Thresholds

VT1 (Anaerobic Threshold):
Lactate begin to increase
PH1o decrease

Bicarbonate buffers H+ ions, CO2 produced aboveaerobic
metaboli sm

V02 v5.VCO02 siopechanges - <1to>1
VeNO2 nadir— lowest then increase
VeNCO 2- decrease or lowest constant
PetCO2 - highest

Pot02 - lowest

Typically 5060 % VO2peak, 60-70% HRpeak

VT2 (Respiratory Compensation Point):
Maximallactate steady state

Bicarbonatesnotabletobufier H+ ions, excessCO2
poduction

Endof is ccapric buffering
V02 vs.VCO2 sl ope changes exponentially
VeNO2 nadir - “s pke in siope
VeNVCO2- increase from steadystate
PetCO2 - decrease from Hghest paint
PotOZ - increase from low point

Ty picall y70-80 % VOZpeak, 80-90 % HRpeak
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Association of Mitochondrial Function, Substrate
Utilization, and Anaerobic Metabolism With Age-Related
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Exerdise Testing & Prescription

How does aerobic intensity effect CRF in CR& PR patients?

+ CRFis THE strongest predictor of al-cause & CV-related mortality, as well as future fatal
& non-fatal coronary events. 1CRF helps reduce mortality risk

+ Exercise therapy during CR & PR provides an opportunity to mitigate risk of
rehospitalization, reoccurrence & mortality

+ Exercise-based cardiac rehab effectively {CRF; differentia effects of prescribed
exercise intensity not as well studied

W 5L ¢ 913 e 125330 52 [T HE
B HEALTH
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Exercise Intensity
Majority of studies rep ort pre scribing large Intensity VO2peak
ranges of exerdse intensities based on HR .
respon ses to exerdse increase
pote ntial
Large variation in CRF change acrossstudies Light (35-45% Little
following CR & PR VO2peak)
. . . . . Moderate (46-55% |4.1 ml/kg/min
Vigoro us-intensity exercise may provide greater V02 K
benefits over moderate or mode rate-to vigo rous peak)
intensities, but add itional ben efits are unlilely to Moderate to 4.9 mi/kg/min
be clinically significant = lower peak MET in crea se Vigorous (56-70%
VO2peak)
Vigorous (>70% 5.5 ml/kg/min
VO2peak)
[ T IRAr T p— NOVANT
s HEALTH

CPET Objectives & Utility

Objectives: Utility:

Establish baseline CRF CPET assesses cardiovascular & respiratory
system integration during exercise
Assess response to intervention/training Noninvasive_,comprehersive assessme nt of
Standardize submax exercise intensity one's exercise capacity
o VO2pe ak used for disease straffication (eg.
Ensure participant safety VO2pe ak < 14 mikg/min in HF & surgery)

Usetest data to tailor exercise training
programs & optimize outcomes in athletes
through high-risk clinical populations

Clinical evaluation — what’s reason for exercise
intolerance
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CPET barriers
Cost & Resource Intense Time Constraints
+ Equipment& Maintenance ex penses Staffing
« Staffing resources (trained Technician & Medical supervision

Physician) Infrastructure
« Patient Compliance & Tolerance o
« Physical lm tations Protocols & Test standardization

Paent ) 1 size doesn'tfit all
+ Patient anxie
y Non-invasive vs. Invasive

I?tevra’r)\'ﬁwmlon e Versatile

+ Advanced training * Mechanistic
¢ Physiological
* Prognositc
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PRESCR\PT\ON
PRESCH  ——

rcise
BB s

Duratio Modality Intensity & Progression
Limited ability between programs Much variability
Welldon How do you do itin your practice?

I
Intensity Methods Used & Rank

| L ——— 77777 e |

|RHR+20—30 p— 7| |

Submax Test T 1777777773 O #1 Rank
Formula based T 17777772 #2 Rank
Maximal Test 77288 W #3 Rank

WMETs TTPZZZZ2ZZ2

Talk Test

0 50 100 150 200 250
Number of Respondends
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Subjective variables — RPE & Symptoms

SYMPTOMS SCALE

BORG SCALE OF
PERCEIVED EXERTION

r; s 0 none

er ry light i

2 very very ligl 1 very mild
9 very light 2

10 3 mild

11 fairly light 4

12

13 somewhat hard 5 moderste
14 4

15 hard 7 severe
16 Jont Pai Nauséa 8

17 very hard Ats 9 very severe
18 =

19 very very hard 10

20
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Intensity - Subjective

Reliable with consiste nt & pro per instru ction Rating of Perceived Exertion
Borg RPE Scale

Not optimal How you feed when tying n bed or
Very, very Ught Sitling in 8 chale relaxed.
Uittle or no effort.

Very light

Fairly tight

RPEifused correctly

Talk Test

W hat b enefitexercise @ RPE 8 — 10?
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HR Calculations — what happens across the life span & fitness

levels

Mu ch variability HR max pre diction formulas:
Low fitness & for elderly - un derestimate =220~ age (tradition al)

High fit ness & /oryou nger - overe stimate =208-(0.7x age) (meta-analysis)

=206~ (0.88x age ) (women)

=211-(0.64x age) (highly active)
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Intensity - Methods
Talk Test(TT)

VT1 correlates with TT

HR+ Fixed Range

RHR +20 - 30 bpm
RPE11-12 on average

Baslc, safe starting point Canthey converse easily?

Titrate with exercise progression CO2 & LA steady state

Monitor breathlessness

Utilize HR Reserve — 40-80% predicted
max HR if no CPE T/IGXT

0-10 dyspnea scale
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Exerdse Progression

Table 1. FgmpJeof a pr in cardiac rehabilitation. » Mmitq’ Symptms
Bt e B8 Wb Mode Comment » 1st Duration
1 W0min 1M Terger 2-i02tpm * 2nd Intensity
* RPE >14 as tolerated
ISmin 11

Vmin 1114

‘ Bmin 1114
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Benefits of Aerobic Exercise Program
1 VO,peak
[=SV x HR x (a—v O, difference)]
B |

*
1 caygen utzation

+ 1 plasma volume A -y \‘
- Ventistory effcioncy
QU - 7 wnestmoncapacy || 43
3 b 3 A
4 ) B

Bt
;S |

t 1

1 8
Vascular structure and function
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What do your patients do at home when not in CRPR?

TABLE 25-1. Estimated Metabolic Costs for Selected Physical Activities” and the Correspondiog
Vo, Values for a 70-kg Adult of Normal Body Habitus

Actiitin Extimated METs Vo, foe 704 Adult (mLimin

FromGircd Bercee
Todim, ty Karn Sidsoma
Tty
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Exerdise Prescription guidance — precision medicine
2025 AACVPR Guidelines

Target VO2 usingMET level & workioad from CPET

Kawonen formua with VO2 or HeartR ate Res erve

ACSM Walking, Running, & yequations - for
NuStep & Hliptical - harder to pre scribe w orkl oa ds withoutgood pre diction equations
Usethe VT2 workload as top end of training nge & fitrateup as patient is able

Utilize HITT & pus hpas tVT2 during highintensityinte rvals ;| ow er intensity (recovery) should beatVT1or lower lovels — can use rest if
ced be

Should bo doing at least as muchw ork as they do outside ehab ~ rehab is wherethey s hould be stressed

Volume of Aercbic exerciseinvolves frequency,intensity, time, & modeinte grated together - targe tare indvidualize d
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Resistance Training helps maintain/restore muscle

Type 2 fiber—
Type 1 fiber—

Loss of type 2
fibers, imbalance
in protein metabolism

~ Mitochondrial

dysfunction

Inflammation,

oxidative stress y
Motor neuron loss,

neural plague changes,

| satellite cell dysfunction

= Microvascular
changes, changes in

hormones/

growth factors

~ Inactivity, disuse

® NOVANT
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CR/PR — Resistance Training is key component

Sarcopenia
flesh poverty
muscle
strength
(dynapenia)
mass (quantity)
function
(quality)
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Resistance Training &
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lean mass
abnormalities
viciousﬁ cyde
CcvD
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Table 1.

Current resistance training guidelines for cardiac patients and older individuals

Population Frequency Intensity Time
ACSM ¢  Outpatient Cardiae  2-3 poucomsecative d » RPE 1113002 13 sets
Rebabiliation wkl 620 seale 10-15 repetitions
10%50% 1RM 310 exercises

ACSM 71 Olider Adults

For Strength & 23 noucomsecative d » 60.90% IRM 13 sets Muiple 20 single
Hypertropty et Skow-moderate s ercises

ifting velocity 1-3 minutes rest weights &
betwe s
For Power 2.3 noucomsecutive @+ 0.60% 1RM
wel High lifting velociry

For Muscutar 2.3 noncomsecutive d » Low. moderate 10.15 repetiions
Fad el

meusiy

AHA M 2.3 noucomecutive d+ Tset
&t 810 repettions
$.10 excrcises

ACSM, American College of Sports Medicine; AHA, American Heart Association; RM. repetition maxinmm: RPE, ratings of percerved exertion
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om0 8 e meET ®HEALTH

11/10/2025

12



raining Prescription Components

Panel A R
RT Frequency per Muscle "
Intenelty Percent of 1-RM  Number of Reps Ty Niapiatios Population
Circulation i it adapieent s

Sdentific Statemen't
From the American
HeartAssociaion

11/10/2025
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Panel B Contraindications to Resistance Training

Absokne Contraingications
aryhesrtdisense

ryocas, endocadis,of et
e myparersion (101110 men Hg:
o
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Circulation

AHA Scientific Statement
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Volume of Aerobic Exercise to Optimize Outcomes in
Cardiac Rehabilitation

Targeted Weekly Levels for Physical Activity 2025 Official AACVFR

Staement
Volume: A
(5 kcal/min)l (40 min/session) 1 (6 sessions/week)
k
s | [ roreerms | | s | s | | oot

3050 el
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Questions to ask of yourself and your program

Areour patients' e xercise programs meetingrecommended aembic e xe rcise volume during CRIPR s es sions 7

If not, what canwedo diflerently to ensuretheymeet re comme ndations ?

How can we integrate testingfor eachpatient, if notalready beingdone?

If not, canwedo aC PET or GXT at thestart ofthe program?

Areweusing THR ranges outside “resting+ 30bpm"” after the first few s es sions ?

Areour patients doing resistance trainingeachre habs es sion?

If not, how do we incorporate resistancetminingintoeachrehab session? U: hinesor hand weigft

Howdoes theprgram track patient improveme nt quantita tiv ely ?

Do we stress complete lifestyle modification enough? Or do we just focus on oner two areas?

u NOVANT
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Exercise Prescription Takeaways

Personalized precision medicine

Exercise Testing optimizes ExRx

RPE 11 minimum ben eftt, 12-15 preferably

v
m If no max test results, RPE & Talk Test are
good for progression

Volume specificto patient & program

- Home e>ercise program compl CR/IPR En meet minimum PA
program daily
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Physical Activity (PA) Takeaways

“No dose of PA is too small to be healthful” — I-Min Lee, MD, ScD, Har vard Me dic al Sc hool

Walking 3.0 mph on level ground = approx. 3 METs — takes patients out of
“high risk” cohort (Franklin, Bet al, Circulation 2020; 141:e705-e736)

Higherfitness (>8 METs peak) associated with lower mortality — 3-4x les s likely
to die than low fitness (<5 METs peak) across all ages (Phanetal, AmJ Cardiol
2022;170:132-137)

Physical fitness is a vital sign, just like resting HR, BP, & Weight (AHA)

Find ways to integrate increased PA into lifes tyle

¥ NOVANT
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Thank You. Questions?

Brian Coyne, M.Ed., FCEPA, ACSM -CEP
P Rehab
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