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INDICATIONS FOR PERFORMING CARDIOPULMONARY EXERCISE 

TESTING:

 ► Investigation of unexplained dyspnoea. 

 ► Evaluation of cardiovascular disease. 

 ► Evaluation of respiratory disease. 

 ► Preoperative assessment for major surgery. 

 ► Exercise prescription. 

 ► Evaluation of impairment/disability. 

 ► Evaluation of exercise tolerance

Adapted from the American Thoracic Society and American College of Chest Physicians
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Why am I being asked to perform this test?
 ■ determine a cause of unexplained shortness of breath

 ■ assess exercise capacity 

 ■ assess your risk for a planned surgical procedure In people who have known 
heart or lung disease

 ■ check the severity of respiratory disease (such as chronic obstructive lung 
disease, pulmonary vascular disease, cystic fibrosis, and others) 

 ■ determine how much of a limit in exercise is due to the heart or the lungs in 
people who have both heart and lung disease 

 ■ help define how much impairment or disability a person has to help guide what 
he or she can do in a rehabilitation programs or to get an exercise prescription 

 ■ define the response to treatments 

 ■ see if advanced treatments like heart transplantation should be considered to 
help with congestive heart failure (CHF) Sometimes CPET is done as a part of a 
research study.



THINGS TO DO BEFORE DO THE TEST:

Pretest assessment( indication and 

contraindication)

The day of the test

Pretest resting parameters and ECG

Supervision of the test



Classical description by Wasserman and Whipp of the linked processes involved in exercise. Reproduced from Wasserman K, Hansen JE, Sue DY, et al., Principles of Exercise 
Testing and Interpretation: Including Pathophysiology and Clinical Applications, 4th edition, Copyright (2004), with permission from Wolters Kluwer Health, 











PRETEST PATIENT INSTRUCTIONS FOR ISSUE TO PATIENTS 

AHEAD OF ATTENDING FOR CARDIOPULMONARY 

EXERCISE TESTING APPOINTMENT:
► Refrain from exercise on the day of the test and be well rested. 

► Eat a light meal or breakfast no less than 2 hours previously. 

► Maintain hydration by drinking water. 

► Avoid caffeine and alcohol prior to the test.

► Take all routine/normal medication and bring along a medication list.

► Bring along all rescue medications, for example, inhalers or nitro lingual sprays. 

► Wear light comfortable clothing and shoes suitable to exercise in.

► Avoid use of body lotion on the upper body, as this may affect ECG electrode 
placement. 

► Abstain from smoking for at least 8 hours prior to the test. 

► Refrain from wearing any nail varnish or false nails.

Adapted from the American Thoracic Society and American College of Chest Physicians.



PATIENT PREPARATION:

Attire: must wear suitable clothing for exercise and sneakers or walking             

shoes. 

Medications: Take all medications as the  usual times. For diabetic    

medications must check with patient’s doctors about holding after the test.

Meals: Must not eat or drink tree hours before the test.

No caffeine drink in the day of the test.

No smoking in the day of the test

Remove nail polish and lip steak prior to the test.

No vigorous exercise in the day of the test.





ARTP statement on 
cardiopulmonary exercise testing 
2021 Andrew Pritchard,1 Paul 
Burns,2 Joao Correia ,3 Patrick 
Jamieson,4 Peter Moxon,1 Joanna 
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FLOW CHART DESCRIBING THE USUAL PRACTICE BY TASK FORCE MEMBERS ON DIFFERENT PROTOCOL PHASES AND SPECIFICATIONS 
DURING CARDIOPULMONARY EXERCISE TESTING. IT IS NOT INTENDED AS A RECOMMENDATION FOR CLINICAL PRACTICE.
ERS STATEMENT ON STANDARDISATION OF CARDIOPULMONARY EXERCISE TESTING IN CHRONIC LUNG DISEASES. RADTKE T, CROOK S, KALTSAKAS G, ET AL. ERS STATEMENT ON 

STANDARDISATION OF CARDIOPULMONARY EXERCISE TESTING IN CHRONIC LUNG DISEASES. EUR RESPIR REV 2019; 28: 180101 [HTTPS://DOI.ORG/ 10.1183/16000617.0101-2018].





HOW TO DO A CPET

 use of a cycle or treadmill ergometer 

 an incremental ramp increase in load 

 continued to maximum effort

 limited by symptoms 

 results presented in a breath-by-breath format











SYMPTOMS SCORES:

 The Rating of Perceived Exertion (RPE) scale

(6 :No exertion at all-11 :Light-15: Hard-20 :Maximal exertion)

 The Borg breathlessness or dyspnoea scale(0-10)



RECOVERY PERIOD:

 Slow recovery of the heart back to a normal rate once exercise 

ceases can be an indicator of significant cardiac impairment 

and overall poor cardiorespiratory fitness.

 A fall in FEV1 of 15% or more during the ten minutes or so after a 

CPET is a strong pointer to the diagnosis of EIB, but this diagnosis is 

not excluded if the FEV1 does not fall



CARDIOPULMONARY EXERCISE TESTING: A CONTEMPORARY AND VERSATILE CLINICAL TOOL.CLEVELAND CLINIC JOURNAL OF MEDICINE 

VOLUME 84 • NUMBER 2 FEBRUARY 2017



KEY CARDIOPULMONARY EXERCISE TEST PARAMETERS

 VO2

 RER and AT

 Cardiovascular

 Metabolic

 Gas exchange

 Respiratory



OXYGEN UPTAKE( VO2):

 • The maximum oxygen uptake (VO2 max) is the most important 

CPET parameter.

 • Many people consider VO2 max as the first place to start the 

CPET interpretation process. 

 • A VO2 max <80% of predicted is abnormal. 

 • The lower the VO2 max, the worse the outcome. 

 • The ‘functional’ exercise capacity is affected by weight, and 

thus VO2 max is often presented as a weight-adjusted value







OXFORD RESPIRATORY MEDICINE LIBRARY

WILLIAM KINNEAR, JAMES H. HULL





RER( RESPIRATORY EXCHANGE RATIO):

 The RER (VCO2 /VO2 ) should be <1 in the early part of a CPET 

and rises above 1.0 as exercise progresses past the AT (and will 

continue to rise after exercise stops). 

 Some also report that an RER >1.1 is a good marker of effort 

during a CPET. (This is not a reliable marker in patients with severe 

obstructive lung disease who will often stop exercise, completely 

exhausted, with an RER 1.4), as metabolic processes continue to 

compensate for the preceding exercise bout.

Oxford respiratory Medicine library

William Kinnear, James H. Hull



AT( ANAEROBIC THRESHOLD):

 AT is thought to represent a point during CPET where anaerobic processes 

increasingly supplement aerobic metabolism, with increasing production 

of lactic acid. 

 Lactic acid is buffered by HCO3 – to produce more CO2 . 

 The AT should occur when the VO2 is >40% of an individual’s predicted 

VO2 max. 

 A low AT is primarily caused by impaired O2 delivery to muscles, usually 

because of heart disease or peripheral vascular disease.

 Always look at the graphical display to check which point has been 

chosen to call the AT.

Oxford respiratory Medicine library

William Kinnear, James H. Hull





FOUR WAYS OF LOOKING FOR THE AT:

 1. On a plot of VCO2 and VO2 against time, the VCO2 starts to increase 

faster and crosses the VO2 line.

 2. When the VCO2 is plotted against the VO2 , the slope changes to 
become steeper. 

 3. The RER increases to a value >1.0. 

 4. The VeqO2 and etO2 start to increase, whilst the VeqCO2 and etCO2 

remain constant



OXFORD RESPIRATORY MEDICINE LIBRARY

WILLIAM KINNEAR, JAMES H. HULL

















EXERCISE INDUCED BRONCHOCONSTRICTION( EIB):

 IB is usually diagnosed when there is a ≥10% fall in FEV1 from the pre-test or 

baseline value in the 20 minutes following exercise. 

 The peak expiratory flow rate (PEFR) is not a reliable marker of EIB as it is 

more effort-dependent; if the subject is tired following an exercise test, the 

PEFR may fall.



80% PREDICTED WORK RATE (AS PER DEMOGRAPHICS) 

80% MAXIMAL HR (PREDICTED MAXIMUM ( 220 BEATS/MIN/AGE) 

HEART RATE RESERVE (HRR) OF <15%

ACHIEVING AN RER 1.15

ACHIEVING MAXIMAL PREDICTED V E

Physiological markers of a maximal test include 

the following:



POINTERS TO SUB-MAXIMAL EFFORT AT PEAK EXERCISE IN 

A CPET:

 Physiology staff report of early cessation/problems reported. Low ratings of perceived work 
or breathlessness 

 Low VO2 max 

 High HRR (i.e. lots of HR left), but a normal chronotropic profile, i.e. if you plot a mark 
between the predicted HR max and the predicted VO2 max and then extrapolate this line, 
you can determine if the HR was ‘behaving’ in the right direction prior to exercise cessation 

 High VE reserve (i.e. lots of ventilation left)

 Normal AT 

 No RCP reached 

 Low blood lactate( <4mmol/l)

 RER<1.0

Oxford respiratory Medicine library
William Kinnear, James H. Hull









THE ABCDEF APPROACH TO CPET INTERPRETATION AND 

REPORTING:

 A—Accuracy. Do you believe the accuracy of the data? Was it precise, valid, 
and with relevant predicted values? 

 B—Best effort. Did the patient try their best/put in maximum effort or was the test 
sub-maximal?

 C—Capacity. Was exercise capacity impaired, i.e. was the VO2 max low when 
compared with predicted indices (usually taken as 80%)

 D—Determine what limited the test. Broadly speaking, was it a cardiac or a 
ventilatory limitation to exercise? 

 E—Extra value. Think about the additional variables and parameters. This is 
probably best undertaken by reviewing: (i) cardiovascular traces; (ii) ventilation 
traces; and (iii) gas exchange traces in this order . 

 F—Finish with a purpose. Think about the letter/report and what it means to the 
referring clinician, suggestions for the next step of management/investigation. 

Oxford respiratory Medicine library
William Kinnear, James H. Hull



QUESTION TO ASK BEFORE INTERPRETING:

➢ Was the test conducted on bicycle or treadmill? ( 10% more VO2 on 
treadmill)

➢ Which protocol? Graded, Constant work rate, stages?

➢ Gender, Body Weight, height, fitness level

➢ Normal predicted values( Wasserman, Johns, Cooper…)

➢ Was exercise conducted until maximum

-Plateau VO2 max

-Or MPHER, max RER>1.10-1.20, VT largely surpassed…..

• If not reason of stopping



SYSTEMATIC APPROACH TO INTERPRETING THE 

NINE-PANEL PLOT:

1. Is the test maximal in terms of effort? 

2. . What is the VO2peak in panel 3?

3. Is the VO2ework relationship normal?

4. Can I determine AT in this test?

5. If so, what is the VO2 at AT?

6. Was the HR response normal?

7. Does the oxygen pulse increase with exercise?

8. . Is there any ventilatory limitation?

9. Were there any ECG changes?

Cardiopulmonary exercise testingda beginner’s guide to the nine-panel plot D.J. Chambers1 and N.A. Wisely2, * 1 Salford
Royal NHS Foundation Trust, Salford, UK and 2 Wythenshawe Hospital, Manchester University NHS Foundation Trust, 
Manchester, UK, 2019



KEY ELEMENTS IN PREOPERATIVE CARDIOPULMONARY 

EXERCISE TESTING INTERPRETATION:
1.Determine the reason for cardiopulmonary exercise testing 

2. Review pertinent medical history and laboratory information 

3. Note overall test quality, assessment of patient effort and reasons for test termination

4. Use tabular and graphical presentation of the data 

5. Report exercise capacity using anaerobic threshold and VO2peak values 

6. Report other indices related to perioperative risk e.g. VE_ VCO 2 at the anaerobic 
threshold 

7. Evaluate exercise limitation and primary cause(s) for this, e.g. cardiovascular, 
respiratory, deconditioning 

8. Comment on perioperative risk implications of the exercise test and suggestions for 
further investigation/ referral/preoperative interventions

Perioperative cardiopulmonary exercise testing (CPET): consensus clinical guidelines on indications, organization, conduct, and 
physiological interpretation D.Z.H. Levett1,2,10, *, S. Jack1,2,10, M. Swart3,10, J. Carlisle3 , J. Wilson4 , C. Snowden5 , M. Riley6 , G. 
Danjoux7 , S.A. Ward8 , P. Older9 , M.P.W. Grocott1,2,10 and For the Perioperative Exercise Testing and Training Society (POETTS), 2018





Cardiopulmonary exercise testing: A contemporary and versatile clinical tool.CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 84 • 

NUMBER 2 FEBRUARY 2017



EXERCISE PRESCRIPTION:

 Some training parameters can be derived from the CPET results. 

Specifically, HR zones can be constructed and advice given around 

training based on the AT and RCP. 

 This being said, most modern-day training programmers for athletic 

training are built around power concepts such as a functional threshold 

power (FTP) or sustainable or critical power and thus require more specific 

exercise protocols/dedicated algorithms.



THANKS FOR YOUR ATTENTION
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