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CPET



CPET - parameters
CPET
• Peak VO2 (ml/min; ml/Kg/min)
• % predicted peak VO2
• Peak RER
• VO2 at VT1 & VT2
• Peak O2 pulse
• Oxigen uptake efficient slope
• Ventilation
• Breathing frequency
• VE-VCO2 slope
• O2 and CO2 equivalents
• Exercise oscilatory ventilation

Standard ET
• Exercise duration
• Heart rate reserve
• HR decrease in recovery
• Blood pressure change
• Ischemia
• Arrhythmias



• Peak VO2 normalized by body weight (CPET), is a 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.



CPET in CR

• Risk stratification

• Individualized exercise prescription 

• Exercise training evaluation
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Funcional capacity assessment



Weber K, Circulation 1987

VO2 (ml/Kg/min)

Weber AT Peak Max CI 
(l/min/m2) 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 Classification
Exercise capacity, in patients with HF, based on
Peak Oxigen Uptake and Ventilatory Anaerobic Threshold

Heart failure







Risk - AACVPR

Low High

Funcional capacity

Ejection fraction

Ischemia

HR e BP during exercise

Ventricular arrythmias

Self-monitorization

NYHA class

> 50%

Absent

Absent

I e II

> 7 METs

Adequate

Possible

< 40%

Complex

Present

III - IV

< 5 METs

Abnormal

Unable



CPET in CR
• Risk stratification
• Individualized exercise prescription 
• Exercise training evaluation



Aerobic training	modalities





Aerobic training intensity prescription

CPX        Borg scale

Karvonen formula

• Rest HR + (50), 60-80%  
HR reserve

Borg scale

• Standard scale (6-20): 12-16
• Modified scale (0-10): 3-6

Cardiopulmonary
parameters

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

•

andStandard ET or

Alternative for pts 
without HFrEF

The gold standard. 
Mandatory in HF.



3 metabolic phase during a CPET 

Phase I Phase II Phase III



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



VO2 max? 
• Definitive:

– Failure of VO2 and/or HR to increase with further 
increases in work rate

• 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 máxima?





No linearity VO2 vs WR and HR

• in general, near and by peak VO2 

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

• a very high uncertainty in predicting %VO2R values on the 
basis of %HRR has been demonstrated in CHF patients both 
on and off-beta-blockers. 

• 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. 

• Witte KK, Cleland JG and Clark AL. Chronic heart failure, chronotropic incompetence, and the effects of beta- blockade. Heart 2006; 92: 481–486. 
• Mezzani A, Corra` U, Giordano A, et al. Unreliabilityof the % VO2 reserve versus % heart rate reserve relationship for aerobic effort relative

intensityassessment in chronic heart failure patients on or off beta-blocking therapy. Eur J Cardiovasc Prev Rehabil 2007; 14: 92–98.



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

Proportion of patients treated with BB or without negative 
cronotropic drugs with a HR exercise intensity prescribed by

Karnonen formula over VT1 and VT2



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

Aerobic exercise intensity prescription

1. Threshold’ s method:
• Lower level: VT1 = 92 bpm
• Upper level: VT2 = 111 bpm

2. VO2 reserve method:
• Lower level: VO2R 60% = 13,5 > 96 bpm
• Upper level: VO2R 70% = 14,9 >106 bpm

3. Karvonen method:
• Lower level: HRR 60% = 93 bpm
• Upper level: HRR 70% = 99 bpm

2 Km/ 0%

2,7 Km/ 3,5 %

3,5 Km/ 7,5 %

4,3 Km/ 11,5 %

4,4Km/ 12 %
6:30 min



♂, 64 years old; STEMI >> PCI LAD (DES) 09/12; EF=24%;  CDI 02/13; NYHA 
III;      

Aerobic exercise intensity prescription

1. Threshold’ s method:
• Lower level: VT1 = 83 bpm
• Upper level: VT2 = 94 bpm

2. VO2 reserve method:
• Lower level: VO2R 60% = 89 bpm
• Upper level: VO2R 70% = 97 bpm

3. Karvonen formula
• Lower level: K_60% = 97 bpm
• Upper level: K_70% = 101 bpm

2 Km/ 0%

2,7 Km/ 3,5 %

3,5 Km/ 7,5 %

4,3 Km/ 11,5 %

5,1 Km/ 15,5 %

5,4 Km/ 15.8 %9:20 min



Exercise test in CR

• Risk stratification

• Individualized exercise prescription 

• Exercise training evaluation



how to	assess exercise training

After a	successful CRP	program,	should be found:
– Cardiopulmonary exercise test:

ü Higher VO2	at peak exercise
ü Higher VO2	at the VT1	&	VT2
ü Decreased VE/VCO2	slope

– Standard	ET:
ü Higher duration/load attained (estimatedMETs)
ü Lower HR&	BP	levels at rest and@	submaximal levels.	
ü Faster normalizationofHR	in	the recovery period
ü Ischemia,	starting later	during the test,	usually at the sameDP
ü 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

13,6

HR @ VT1 92

VO2 @ VT2 15,8

HR @ VT2 111

1st CPET 
17/10/2017

Peak VO2 19,2

VO2 @ VT1 11,4

2nd CPET
22/02/2018

22,2

100

17,4

120

♂, 42y   NSTEMI > LAD PCI (DES) 06/2015    
EF<40%      ICD 08/15    HF



Take home message
• A PECR é essencial em RC para:

– a estratificação do risco nos doentes com 
insuficiência cardíaca.

– prescrever com segurança a intensidade do 
exercício aeróbio

– avaliar com rigor os ganhos do treino
• A PECR não é acessória mesmo nos

doentes coronários de baixo risco



Obrigado pela vossa atenção


