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CPET - parameters

CPET Standard ET

e Peak VO2 (ml/min; ml/Kg/min) e Exercise duration
e 9% predicted peak VO2 e Heart rate reserve

e Peak RER e HR decrease in recove
e VO2atVT1 & VT2 K

e Peak 02 pulse e Blood pressure change
e Oxigen uptake efficient slope e Ischemia
e Ventilation e Arrhythmias

e Breathing frequency

e VE-VCO2 slope

e (02 and CO2 equivalents

e Exercise oscilatory ventilation
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Evolving Role of Exercise Testing in
Contemporary Cardiac Rehabilitation

« Peak VO2 normalized by body weight (CPET), is @ much more accurate measure of cardio
respiratory fitness than estimated METs (GXT).

« A CPET overcomes many of the limitations that reduce the accuracy of GXT:
- Normalizes for the differences in performance that occur when patients clench the
handrails while walking on a treadmill.
- A respiratory exchange ratio (RER) > 1.1 demonstrates that a maximal or near-
maximal effort was attained;

« The CPET is recognized to assess prognosis and gauge therapeutic interventions in HFrEF
and also in CHD, hypertrophic cardiomyopathy, pulmonary hypertension, COPD.

Journal of Cardiopulmonary Rehabilitation and Prevention 2016:36:309319



CPET in CR

e Risk stratification

e Individualized exercise prescription

e EXxercise training evaluation



CPET in CR

e Risk stratification



Funcional capacity assessment
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Heart failure

Weber Classification
Exercise capacity, in patients with HFE, based on
Peak Oxigen Uptake and Ventilatory Anaerobic Threshold

VO2 (ml/Kg/min)
Weber AT Peak (B/r[n aii/g) Functional limitation
A > 14 > 20 > 8 None to mild
B 11-14 16-20 6-8 Mild to moderate
C 8-11 10-16 4-6 Moderate to severe
D <8 <10 <4 Severe

Weber K, Circulation 1987



CENTRAL ILLUSTRATION Integrated Assessment of CPET Variables for Risk Stratification in HF

Consider advonced HF treatments
(i.e. transplant/LVAD)

Ventilatory efficiency
and stability
Hemodynamic response
, A to < 12mi/kg/min
0, uptake patterns
, uptake p VO, @VT < 9ml/kg/mi navo,«uwm‘m“m A to < 50% pred
Submaximal test Maximal test
(RER < 1.0) SYMPTOMATIC (RER = 1.0, preferably = 1.1)
AMBULATORY Peak VO, §
SRR  (14-20mi/kg/min, 50-80% pred)
Focus on submax/effort R Focus on hemodynamic/
independent variables ventilatory variables
VO, @VT > 11mi/kg/min Peak VO, > 20 mi/kg/min

Italics: independent of volitional effort

Malhotra, R. et al. J Am Coll Cardiol HF. 2016;4(8):607-16.



Comparative Analysis of Four Scores to Stratify Patients

With Heart Failure and Reduced Ejection Fraction

Pedro Freitas, MD*, Carlos Aguiar, MD, Antonio Ferreira, MD, Antonio Tralhao, MD,

Antonio Ventosa, MD, and Miguel Mendes, MD

ause death or urgent HTx
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vents observed at | year)
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There are several prognostic risk scores available for patients with heart failure with reduced
ejection fraction (HFrEF) that can aid in the decision of listing candidates for heart trans-
plant (HTx). A direct comparison between these scores has not been performed. Therefore,
our objective was
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of risk. © 2017 Published by Elsevier Inc. (Am J Cardiol 2017;120:443—449)




Risk - AACVPR

NYHA class

Funcional capacity

Ejection fraction

Ischemia

Low

Iell

> 7 METs

> 50%

Absent

HR e BP during exercise

Adequate

Ventricular arrythmias

Self-monitorization

Absent

Possible

D +0 3000 <

III -1V

< 5 METs

< 40%

Present

Abnormal

Complex

Unable




CPET in CR

e Individualized exercise prescription



Aerobic training modalities

Moderate continous vs. Interval training
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Moderate Intensity High intensity interval training (HIIT)
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Abstract

Aerobic exercise intensity prescription is a key issue in cardiac rehabilitation, being directly linked to both the amount of
improvement in exercise capacity and the risk of adverse events during exercise. This joint position statement aims to
provide professionals with up-to-date information regarding the identification of different exercise intensity domains, the
methods of direct and indirect determination of exercise intensity for both continuous and interval aerobic training, the
effects of the use of different exercise protocols on exercise intensity prescription and the indications for recommended
exercise training prescription in specific cardiac patients’ groups. The importance of functional evaluation through
exercise testing prior to starting an aerobic training program is strongly emphasized, and ramp incremental cardiopul-
monary exercise test, when available, is proposed as the gold standard for a physiologically comprehensive exercise
intensity assessment and prescription. This may allow a shift from a ‘range-based’ to a ‘threshold-based’ aerobic exercise
intensity prescription, which, combined with thorough clinical evaluation and exercise-related risk assessment, could
maximize the benefits obtainable by the use of aerobic exercise training in cardiac rehabilitation.



Aerobic training intensity prescription

‘ Standard ET

Alternative for pts
without HFrEF

v
Karvonen formula

* Rest HR + (50), 60-80%
HR reserve

CPX

The gold standard.
Mandatory in HF.

€==———

Cardiopulmonary
parameters

« HR @ 1st or 2nd threshold
« Rest VO2 + (50), 60-80%
VO?2 reserve

Borg scale

7
Borg scale

« Standard scale (6-20): 12-16

 Modified scale (0-10): 3-6




3 metabolic phase during a CPET
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I Moderate to high
intensity

Aerobic Exercise Intensity
Assessment and Prescription
in Cardiac Rehabilitation

A JOINT POSITION STATEMENT OF THE EUROPEAN ASSOCIATION
FOR CARDIOVASCULAR PREVENTION AND REHABILITATION,

THE AMERICAN ASSOCIATION OF CARDIOVASCULAR AND
PULMONARY REHABILITATION, AND THE CANADIAN
ASSOCIATION OF CARDIAC REHABILITATION

VO, (/min)

Alessandro Mezzani, MD,"* Larry F. Hamm, PhD,?* Andrew M. Jones, PhD,? Patrick E. McBride, MD, MPH,*
Trine Moholdt, PhD,’ James A. Stone, MD, PhD,® Axel Urhausen, JP, MD, MPH, PhD,” and Mark A. Williams, PhD?

B ABSTRACT: Aerobic exercise intensity prescription is a key issue in cardiac K E Y W O R D S
rehabilitation, being directly linked to both the amount of improvement
in exercise capacity and the risk of adverse events during exercise. This Aerobic training
joint position statement aims to provide professionals with up-to-date

information regarding the identification of different exercise intensity energy expenditure
domains, the methods of direct and indirect determination of exercise peak VO,

intensity for both continuous and interval aerobic training, the effects of :

the use of different exercise protocols on exercise intensity prescription ventilatory thresholds
and the indications for recommended exercise training prescription in ol Rer

specific cardiac patients’ groups. The importance of functional evaluation
through exercise testing prlor to starting an aeroblc tralmng program is

[P JRN T SIS [ R

E/ Tb /1 ~* Physiological Characteristics of the Different Intensity Domains for Constant-Work-Rate

Exercise
VO, Lactate Exercise VO, vs. WR Linear Training
Steady-state  Steady-state Duration Relationship Modality

Moderate to high ~20-30 min Continuous

Journal of Cardiopulmonary Rehabilitation and Prevention 2012;32:327-350




e Definitive:

— Failure of VO2 and/or HR to increase with further
increases in work rate
e Possible:
— Peak respiratory exchange ratio (VCO2/VO2) > 1.10
— Post-exercise blood lactate concentration > 8 mmol/L

— Rating of perceived exertion (RPE) >18 in the Borg
(6-20) > 8 in the Borg (0-10)
— Patient appearing exhausted.



Prova maxima?
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‘ Samars s o0 Centro Hospitalar de Lisboa Ocidental, EPE

LISDOA OCIDENTAL LS

Exame n°® 41805 - 04-01-2019
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Sem alteracio ventilatéria: Esplrometria prévia CVF-4.31 (100% do previsto); FEV1=3.55 (105% do previsto).
Sem evidéncia de isquémia miocardica por critérios clinicos e electrocardiograficos, sob medicacdo.

PE méxima demonstrando capacidade funcional normal, limitada por causa circulatéria,

Classe de Weber A VO2 méx -~ 22.4 ml/Kg/min (86% do previsto; normal >85% do previsto). VO2 de repouso: 4.3 ml/Kg;
Rampa VE/VCO2= 44,1 ; VE= 102 L/min; FR= 4] ¢cpm. Sem dessaturacdo durante a prova; 1*¥T=15.0 mL/Kg/min (FC
97bpm); 2°WT=15.2 mL/Kg/min (FC 104 bpm). QR= (PE mixima se >1.10). PetCO2 repouso- 25 mmHg (normal >~ 33),
PetCO2 no 2° VT~ 31 mmHg (normal: incremento de 3-8mmHg). Exercise oscillatory ventilation presentes.



No linearity VO2 vs WR and HR

e in general, near and by peak VO2

e in patients in whom chronotropic incompetence may be
present due to age, pathology and/or drug (beta-blockers)
related sinus node dysfunction.

e a very high uncertainty in predicting %VOZ2R values on the
basis of %HRR has been demonstrated in CHF patients both
on and off-beta-blockers.

Heart Rate

» Colucci WS, Ribeiro JP, Rocco MB, et al. Impaired chronotropic response to exercise in patients with con- gestive heart failure. Role of postsynaptic
beta-adrenergic desensitization. Circulation 1989; 80: 314-323.

+ WitteKK, ClelandJGand Clark AL. Chronic heart failure, chronotropicincompetence, and the effects of beta- blockade. Heart 2006; 92: 481—-486.

+ Mezzani A, Corra” U, Giordano A, et al. Unreliability of the % VO2 reserve versus % heart rate reserve relationship for aerobic effort relative

intensity assessment in chronic heart failure patients on or off beta-blocking therapy. Eur J Cardiovasc Prev Rehabil 2007; 14: 92-98.
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Original scientific paper

Cardiology s Proportion of patients treated with BB or without negative
cronotropic drugs with a HR exercise intensity prescribed by
Karnonen formula over VT1 and VT2

Programming exercise intensity in
patients on beta-blocker treatment:
the importance of choosing an
appropriate method

Isabel Diax-Bus:hmann"z, Koldo Villelabeitia jaureguixarz,
Maria José Calero'? and Rosa Sanchez Aquino'?

Treated with BB Not treated with BB

arget exercise heart rate (HR) and of different HR-based
blocke nt

Parameter >HRyT| >H RVTZ >HRyT| > HRVT2

mum load, metabolic parameters, HR
d75,80,and 85% of HR,,,, (HR75%, HR80%, HR85%)
nen formula, applying 60, 70, and 80% of a

whether patients were on be

intensity should be within VT and VT2, o tha
is not possible, HR-based methods can be used, but wi
aproportion of patients training below VT or above VT2. On the other hand, re

HR..,0.6 86.3 3.9 79.5 2.6
HRy.0.7 99.0 27.5 92.3 10.3

for patients on a beta-

blocker should be different from patients not receiving a beta-blocker. Patients not treated with a beta-blocker should

exercise at HRy,,,0.7 or at HR85%. In patients on a beta-blocker, we recommend preferentially a target HR of HRy,,,0.6 H R 0 8 I OO 4 9 0 9 7 4 3 3 3

or HR80%. Kar‘v ] i = U

Keywords

Beta-blocker, cardiac rehabilitation, exercise intensity, Karvonen's method, target heart rate

et 5ot 208 et 1120 Values are %.

HR - based exercise prescription:

« Must be individuallized, considering the patient’s status, underlying disease and treatment.
« The behaviour of HR during incremental exercise is not always linear or uniform.

* HR can be used in patients with a maximum exercise test.

« The optimal limits of exercise based on a HR range are narrow.

« HR-based methods are only valid for the same dose of beta-blocker during the programme.

« Training must occurs at a similar hour of the day of the performed exercise test



o', 42years NSTEMI > LAD PCI (DES) 06/15 EF<40% ICD 08/15 HF

Cardio—pulmonarv Exercise Testinq Parameters
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Time Load VE BF BRmax% V'02/kg V02 Vo2 —_— —— — PETCO2 HR 02pulse Sp02
[min] (w) [L/min] [1/min] (%] [{mU/minl/kg]  [n . . . . . .. [3/emin] [mL] (%]
00-00 Rest Aerobic exercise intensity prescription
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. N o . 0 _ »
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o', 64 years old; STEMI >> PCI LAD (DES) 09/12; EF=24%; CDI 02/13; NYHA

I1I; - - -

Time Load VE BF BRmax% V'02/%xg Vo2 Vo2 RER Eq02 £6CO2 PETCO2 HR 02pukse Sp02
[min] W) [Lfmin) [1/min] (%] [{mU/min)/kgl  [mL/min] [mL/min) i [mmHg] [1/min] [mL) [%]
00:00 Rest
00:20 0 19 20 85 5.8 Aerobic exercise intensity prescription |z 71 6o 100
00:40 0 19 20 85 5.9 25 71 &0 100
01:00 0 19 25 a5 5.4 24 7 50 9%
’ .
01:20 0 17 23 86 5.1 1. Threshold’ s method: 24 71 5o 100
01:40 0 17 24 87 * Lower level: VT1 = 83 bpm 24 50 100
01:51 0 2 28 82 - 25 70 99
o " =
— Upper level: VT2 = 94 bpm Cb
-
02:00 2 Km/ 0% 27 24 78 7.5 24 72 7o T
02:20 8 0 25 76 7.3 2.V0O2 reserve method: 24 78 6o 99
- 4 4 . —_ ]
— : - - g 6 - Lower level: VO2R 60% = 89 bpm - - . =
- 9 7 7.9 /o 95
. 0/ —
03:20 2 0 20 76 9.0 * Upper level: VO2R 70% = 97 bpm 24 23 7o a9
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34 21 10.4 657 0.93 243 24 T
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Exercise test in CR

e EXxercise training evaluation



how to assess exercise training

After a successful CRP program, should be found:

— Cardiopulmonary exercise test:

v’ Higher VO2 at peak exercise
v’ Higher VO2 atthe VT1 & VT2
v’ Decreased VE/VCO2 slope

— Standard ET:
v' Higher duration/load attained (estimated METS)
v’ Lower HR& BP levels atrest and @ submaximallevels.
v’ Faster normalization of HR in the recovery period
v’ Ischemia, startinglater during the test, usually at the same DP
v’ Lower frequency and complexity of ventricular arrhytmias

Mezzani A et als. Standards for the use of cardiopulmonary exercise testing for functional evaluation of cardiac patients: a report

from the Exercise Physiology Section of EACPR. Eur J Cardiovasc Prev Rehabil. 2009; 16: 249-267.




Benefits of training [yt b
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Take home message

e A PECR é essencial em RC para:

— a estratificacao do risco nos doentes com
insuficiéncia cardiaca.

— prescrever com seguranca a intensidade do
exercicio aerobio

— avaliar com rigor os ganhos do treino

e A PECR nao é acessoria mesmo nos
doentes coronarios de baixo risco






