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Objectives

• To know the indications for CPET

• To know the contraindications for CPET

• Understand how to choose the incremental protocol

• To know the indications for exercise termination

• Understand the criteria of maximal effort

• To be able to do a CPET report
• Is there exercise intolerance?

• What is the mechanism?
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Indications of CPET

• Evaluation of exercise intolerance

• To identify the mechanism of exercise intolerance and use it as a 
target for therapeutic interventions

• Quantify the level of impairment

• To assess the impact of an intervention

• To help evaluate prognosis

• Research tool



Usefulness in chronic respiratory disease

• Evaluation of “out-of-proportion” (to resting functional impairment) 
exertional dyspnoea and limited exercise tolerance 

• Assessment before a surgery
• Lung resection, surgical or bronchoscopic lung volume reduction, heart-lung 

transplantation

• Pulmonary rehabilitation

• Disability evaluation, prognosis and response to treatment

• Assessment of exercise-induced desaturation and underlying 
mechanisms 



CPET

• Incremental exercise testing with recording of many physiological variables 
to assess changes of those variables over time during an exercise

• The limitations come from the symptoms during a maximal progressive 
effort

• Respiratory exchange measurement
• VO2 – O2 uptake
• VCO2- CO2 production
• VE – minute ventilation
• Pulse oximetry
• Sometimes arterial blood sample

• Cardiac measurement
• ECG – rythm and frequency
• Blood pressure
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CPET

• Global assessment of the integrated exercise response of many 
systems  
• Lung

• Cardiovascular

• Hematopoietic

• Neuropsychologic

• Musculoskeletal
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Contraindications 2019

• Absolute

• Uncontrolled cardiovascular conditions 

• Uncontrolled respiratory conditions 

• Uncontrolled non-cardiorespiratory conditions (infection, acute 
bleeding, renal failure, thyrotoxicosis)

• Advanced or complicated pregnancy

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton D, Urquhart DS, et al. ERS statement on standardisation of cardiopulmonary exercise testing in 
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Contraindications 2019

• Relative

• Resting oxygen saturation SpO2 ≤ 85% on room air

• Orthopaedic impairment that compromises exercise performance

• Mental or cognitive impairment leading to inability to cooperate
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CPET - methodology

• CPET
• Treadmill test
• Cycle test

• Walking advantage
• Typical activity ; in contrast to cycling

• Cycling advantage
• work rate is easier to quantify and control
• allows more convenient intra-test procedures such as blood sampling and blood 

pressure (BP) monitoring
• Less likely to fall
• Cycle ergometer cheaper and requires less space than a treadmill 

• Measurement between treadmill and cycle test are not interchangeable



Differences between treadmill and cycle

Variables Cycle test Treadmill test

VO2 peak VO2 higher

Peak lactate concentration Lower

Anaerobic threshold Higher VO2 level

Saturation Greater systemic desaturation

Breathlessness as a function of VO2 
and VE

Higher

Most frequent reason to stop Quadriceps fatigue Breathlessness



Test protocol

• Increment
• By ramp - continuous

• By steps (minute by minute) – discontinuous
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What we want

• A perfect length
• Not too long or too short

• A maximal test unless told otherwise 

• Need to encourage the patient
• With vigor!

• Push him to the end!
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Before the test

• Refrain from eating for at least 2h before testing

• Avoid strenuous exercise for at least 24 h before CPET

• Avoid caffeine on the day of the test

• Avoid smoking for at least 8h prior to the test 

• To wear comfortable clothing and appropriate shoes

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton D, Urquhart DS, et al. ERS statement on standardisation of cardiopulmonary exercise testing in chronic 
lung diseases. Eur Respir Rev. 2019;28(154). 



Before the test

• Medical history and physical examination

• Take the vital signs (SpO2, HR, BP)

• If diabetes: assess the glycemic control and be sure to have a juice or 
snack if needed 

• Usual medications and inhalers should be taken

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton D, Urquhart DS, et al. ERS statement on standardisation of cardiopulmonary exercise testing in chronic 
lung diseases. Eur Respir Rev. 2019;28(154). 



Before the test

• Explain that the goal is a maximal test

• Explain that it is normal to experience breathlessness and a 
quadriceps fatigue 

• Insist that the test has to be maximal 

• Explain clearly that the patient can stop at any moment if he 
experiences discomfort, pain, etc… 

• Show Borg scale and explain it 

• Obtain a FEV1 to determine the maximal voluntary ventilation (MVV) 
(FEV1 x 35 or x 40)

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton D, Urquhart DS, et al. ERS statement on standardisation of cardiopulmonary exercise testing in chronic 
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Typical sequence



Resting phase

• Familiarisation with procedure and equipment

• Arterial blood gas sample if needed

• 3 minutes
• Obtain stable resting value

• RER < 1

• VO2 : 3,5 mL/min/kg



Unloaded phase

• 3 minutes
• Familiarisation with the ergometer and proper warm-up 



Incremental phase

• Standardised increment individually determined for each patient and 
disease 

• Should last about 10 minutes (between 8 and 12) 

• Choice of increment related to
• Disease , age, sex, body dimension, PFT, physical activity, fitness, genetic, 

medication

• A test that last less than 6 minutes is less useful because the relation 
between work and VO2 is not necessarily linear



How to choose the starting load and the 
increment? 
• An optimal test should last between 8 and 12 minutes without including 

the unloaded phase

• General rule for chronic respiratory disease 
• Unloaded phase 10 w
• Increment between  5 to 10 w

• In the worst case, 
• Test is too short or too long

• VO2 estimated while cycling unloaded = 150+(6 x weight in kg)

• Increment in W/min = VO2 estimated (mL/min) −VO2 estimated while 
cycling unloaded (mL/min)/92.5





During the test

• Blood pressure each 2 min

• Look at the ECG for ST segment change (elevation or depression )

• Report BP, HR, SpO2 and Borg each 2 min 

• Cycling speed between 60 to 70 rpm

• Assess the ”comfort” of the patient 
• Sign of suffering, sign of altered state of consciousness, keep eyes open



At the end of the test

• Report BP, HR, SPO2

• Borg

• Report the reason to stop



Recovery phase

• Last 2 to 3 min. Cycling unloaded at low rpm (30/min) 

• Can last longer depending of the patient

• Useful for the security and to assess the speed of recovery after the 
test



Normal values
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Criteria of maximal effort – ERS 2019

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton D, Urquhart DS, et al. ERS statement on standardisation of cardiopulmonary exercise testing in chronic 
lung diseases. Eur Respir Rev. 2019;28(154). 

Variables Cycling - treadmill

VO2 peak Change in VO2 of < 2,1 
mL/min/kg between 
consecutive stages
(<150mL/min)

VEpeak/MVV % ≥ 85

Inspiratory capacity (IC) Decrease in IC > 150 mL 
during exercise

RER (QR) > 1,05

HR peak % pred ou bpm ≥ 100% predicted

VO2 peak % pred ≥ 100% predicted

Work predicted ≥ 100% predicted

Blood lactate Post exercise blood lactate 
≥ 8 mmol/L

Borg 7-10



Criteria of maximal effort – ATS/ACCP 2003

Variables Cycling - treadmill

Plateau  VO2 Change in VO2 of < 2,1 
mL/min/kg between 
consecutive stages

Predicted peak VO2 ≥ 100% pred

Predicted maximal work 
rate

≥ 100% pred

Predicted maximal heart 
rate

≥ 100% pred

Predicted VE peak ≥ 85 % pred

RER > 1,15

Borg 9-10/10
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Reasons for reduced exercise tolerance

• Cardiovascular

• Ventilatory

• Gas exchange

• Musculoskeletal

• Deconditioning– obesity

• Sub-maximal effort



Interpretation



Vo2/W slope

• 8, 5 to 11 mL/min/W

• If too high= upper limb activity or bad calibration 

• If too low = oxygen transport is affect
• Heart, lung, circulation



Anaerobic threshold/ventilatory threshold

• The moment where the exercise start to be anaerobic

• Respiratory compensation for metabolic acidosis 

• Effort is getting harder

• Why is it useful?
• To help understand the cause of exercise limitation 

• To target the best level of training to increase physical capacity



How to determine it?

• Invasive method
• Blood lactate

• Non-invasive method
• V-slope

• Ventilatory equivalent (VE/VO2 and VE/VCO2)

• VE and PetCO2

• RER



V-slope

• Inflection point in the VCO2 vs. VO2 curve



Ventilatory equivalents

• Moment where VE/VO2 reach a minimum and then start to rise while 
VE/VCO2 is stable



Ventilation and PetCO2



RER

• Around 1



ECG - anomalies

• Decrease in ST segment
• During exercise or during recovery phase

• 1,5 to 2 mm

• Increase in ST segment

• Arrythmia

• Important: the test should be stopped if chest pain, altered level of 
consciousness and dizziness











Risk of CPET in general population

• Risk of death < 0,00002%



Risk of heart event with CPET in a known 
heart disease population
• 0,16%

• Mostly related to VT (6/8 events in 5060 tests)

• No death

Circulation. 2012 Nov 20;126(21):2465-72. doi: 10.1161/CIRCULATIONAHA.112.110460. Epub 2012 
Oct 22.

https://www.ncbi.nlm.nih.gov/pubmed/23091065


CPET interpretation



CPET report

• 4 sections
• Patient information

• Technical details

• Exercise response
• Aerobic capacity

• Cardiovascular

• Ventilatory

• Gas exchange

• Metabolic

• Summary











Case 1

• F 56 years old

• PMH
• Asthma

• No smoking

• Work accident
• Foot injury and shoulder injury

• Away from regular physical activity for five years

• Before, was able to do a lot of sports like hiking, biking at a good rythm

• About 60 pounds of weigth gain

• Concern about effort dyspnea



Case 1

Reason for 
stopping 
Borg dyspnea: 
7/10
Legs:6/10



Case 1

VO2/w = 
9ml/min/kg



Case 1

• Maximal effort

• Normal aerobic capacity

• No limitation

• Normal study



Case 2

• M 51 years old

• PMH
• Nothing

• History
• Has a new girlfriend

• Difficulty to follow her when hiking

• Concern about effort dyspnea

• Not doing regular physical activity



Case 2

H 51 ans
BMI 33,3

Reason for stopping 
Borg dyspnea: 5/10
Legs 4/10

SpO2 not reliable at 
the end



Case 2

VO2/W= 
8,7 
mL/min/kg



Case 2

• Maximal effort

• Decrease aerobic capacity

• No respiratory limitation

• No cardiac limitation

• Deconditioning



Case 3

• M 64 years old

• PMH
• Nothing

• History
• Concern about breathlessness



Case 3 

M 64 yo
BMI 20,7

EOT 
dyspnea
5/10
Legs 5/10



Case 3 



Case 3

• Sub-maximal



Case 4

• M 50 years old

• CAD, cardiac insufficiency EFLV 40%

• mMRC 2/4

• PFT N except DLCO 60%

• Taking bisoprolol



Case 4

M 50 ans
BMI 31,2
169 cm
89 kg

Reason for 
stopping

Borg dyspnea 9/10
Legs 9/10



Case 4



Case 4

• Maximal effort

• Decrease aerobic capacity

• Cardiac limitation
• High ventilatory equivalent

• Low AT

• Chronotropic insufficiency



Case 5

• F 57 years old

• PMH
• COPD FEV1 1,35L (40%)

• No active smoking

• mMRC 3/4

• CPET before pulmonary rehabilitation



Case 5

F 57 yo
BMI 31,2
169 cm
89 kg

EOT 
dyspnea
9/10
Legs 8/10



VO2/W = 
6,5 
mL/min/W



Case 5

• Maximal effort

• Reduced aerobic capacity

• Respiratory limitation
• No more ventilation reserve

• Tidal volume drops at the end of the test (dynamic hyperinflation)

• Exercise induced hypoxemia

• High ventilatory equivalent



Key messages

• CPET is a very useful tool to understand mechanisms of exercise 
intolerance

• It’s a safe procedure

• For interpretation, don’t forget the steps
• Is it maximal or not?

• What is the aerobic capacity?

• What is the mechanism of exercise intolerance?
• Check the ventilatory, cardiovascular, metabolic and gas exchange response



Thank you!

• Questions?


