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Exercise: It’s not all about moving



Who am I? Dr. Zoe Saynor  

Reader in Clinical Exercise Physiology

Honorary researcher (clinical exercise physiology) at several NHS trusts  

• Physical Activity, Health & Rehabilitation Thematic 

Research Group Lead

• Clinical, Health & Rehabilitation Team (CHaRT) Lead

• Clinical Exercise Physiologist with Josh Llewellyn-Jones 

(OBE) – athlete with CF 

• Partnered with the global CF exercise charity - CF 

Warriors 

• Member of ECFS Exercise Working Group 



Interested in….

• Exercise testing

• Exercise 

training

• Physical 

(in)activity 

• Nutrition for 

physical activity 

& exercise 



Provide contemporary best clinical practice guidance 
for exercise testing (CPET) people 

with respiratory disease 

Focus: promote global standardisation of test 
procedures (running, interpretation & reporting)  

Goal of this session.….



Do

Goal of this session.….



Exercise testing adds 
to the toolkit for 

evaluating 
physiological change 

in people with 
respiratory disease

We need to work 
together to promote 

best practice

Regular, 
globally 

standardised, well 
conducted

testing

Why this is 

important…… Make full use 
of exercise 

testing to guide 
individualised 

physical 
activity & 
exercise 
training 



How many UK centres are 
undertaking exercise testing?

Stevens et al (2010) J Cyst Fibros

Specialist Centres Shared clinics

Number of clinics 16 53

Types of tests used: - -

6-minute walk test 4 (25.0%) 5 (9.4%)

12-minute walk test 0 1 (1.9%)

Incremental shuttle walk test 6 (37.5%) 10 (18.9%)

Endurance shuttle walk test 0 2 (3.8%)

Step test 8 (50.0%) 5 (9.4%)

Treadmill test 2 (12.5%) 6 (11.3%)

Cycle test 2 (12.5%) 1 (1.9%)

Paediatric UK CF Clinics (2010)

…. but it remains underused



……. even over a decade on! 

Tomlinson et al  (2021 - In prep)

• 31 CF centres

o ~ 50% of specialist UK CF clinics

• 94% clinics use exercise testing (up from 53% in 2010)

• 48% of these clinics primarily use CPET

• Exercise testing most commonly occurs at annual review 

(93%)

• Exercise testing typically supervised by physiotherapists 

(62%)

• Common barriers: 

o space (69%) 

o time (55%)



Key resources that you have available now…



Key resources that you have available now…



Key resources that you have available now…



Lung function only tells us so much!

Both have an engine capacity 

of 1.5 L

BUT: which 

would you 

rather drive?



What we really want to know……

Image source: Saynor et al. (2020) Exp Physiol



• Indication of the test (what info is needed?)?

• Experience (practitioner and participant)?

• Time, space and equipment available?

• What is the recommended test(s) for this 

indication/population? 

• Is there appropriate normative data available?

Considerations when selecting an appropriate 

exercise testing protocol



• Laboratory or field testing?

• Maximal (or submaximal) exercise 
testing?

• Tests of endurance/power?

• Tests of muscle function?

• Tests of other components of 
fitness?

Considerations when selecting an appropriate 

exercise testing protocol

Image courtesy of Dr Don Urquhart



Indications for CPET

• Determine exercise capacity 

• Plan a physical training programme

• Monitor the effects of an intervention

• Detect exercise-related adverse reactions

• Obtain prognostic information 

• Pre-operative / transplant stratification

• Convince someone and/or their parent/physician that 
exercise is safe

• Motivate someone to be physically active

• Helps with individualised exercise counselling



….. this is not as new as you may think 

Herbst. Deutsches Arch Klin Med (1928)



Continues to be our gold 
standard 

B. Bink Maandschrift Kindergeneeskunde, 1965  (PhD Thesis 1959)

Image courtesy of Don Urquhart

…..even in kids!



What is CPET?

Measurements during 

CardioPulmonary Exercise 

Testing

• Work load

• Ventilation

• Gas exchange

• Heart rate & ECG

• Oxygen saturation 

• Blood pressure

• …..

Image courtesy of Don Urquhart



What does CPET tell us?

Image courtesy of Erik Hulzebos, Utrecht, The Netherlands



Potential mechanisms of exercise limitation



Image courtesy of Tim Takken (Utrecht, The Netherlands)

What do you need to conduct a CPET….?



…. comprehensive CPET

Near-infrared 

spectroscopy 

(NIRS)

optional

Blood pressure 

monitoring 

Transcutaneous 

arterial oxygen 

saturation 

(SpO2)

Heart rate 

monitoring / 

ECG

Thoracic 

impedance 

cardiography

optional

Images courtesy of Zoe Saynor

Scales to assess dyspnoea &  

exertion

Baseline lung 

function



Ergometer modifications needed children / non-ambulatory



Typical CPET protocol approved for respiratory 

disease

Radtke et al. (2019) ERS Statement on Standardisation of cardiopulmonary exercise testing in chronic lung disease



What does CPET look like……

Image source: Zoe Saynor





…but what does it all mean?

CPET completed….   

Data and graphs printed……

….but now????



Determine whether it is a maximal effort, performance 

was normal and the cause(s) of any exercise limitation

Radtke et al. (2019) ERS Statement on Standardisation of cardiopulmonary exercise testing in chronic lung disease

2

3

1
Supramaximal 

testing can help 
here



Other common criteria for determining a maximal 

effort during CPET 

Subjective criteria

• Unsteady walking, running 

or cycling

• Sweating 

• Facial flushing

• Clear unwillingness to 

continue CPET despite 

encouragement

Objective criteria

• RERpeak > 1.00

• HRpeak > 180 b/min

• VO2 plateau in final minute

(infrequently 

observed)

N.B. Never stop test just because the criteria have been met, unless there is a clinical / safety reason for 

doing so



• Maximal power (cycle ergometry)

• Stage reached in a standardised exercise protocol

• Endurance time in a standardised exercise protocol

• Peak oxygen uptake (VO2peak)

• Lactate threshold / ventilatory threshold / anaerobic 

threshold (submaximal measure of aerobic fitness)

·

Indicators of performance

Determine whether ‘performance’ (fitness) was 

normal….



Remember though…… CPET is not 1 measure

Hebestreit et al. (2019) AJRCCM

ECFS Mortality II currently 

underway

• Maximal power (cycle ergometry)

• Stage reached in a standardised 

exercise protocol

• Endurance time in a standardised 

exercise protocol

• Peak oxygen uptake (VO2peak)

• Lactate threshold / ventilatory threshold



Determine whether performance / exercise response 

was ‘normal’

Radtke et al. (2019) ERS Statement on Standardisation of cardiopulmonary exercise testing in chronic lung disease

2

3

1



VO2max can be defined using the Fick equation….

Product of cardiac output and muscle oxygen extraction

VO2max = stroke volume max x heart rate max x (CaO2 – CvO2) max

VO2max = Q x (avO2 difference)



If performance was lower than ‘normal’ –

What were the limitations to exercise 

capacity?



If performance was lower than ‘normal’ –

What were the limitations to exercise 

capacity?

….. so we can do a lot before even looking at the 
dreaded ‘graphs’



Tabular data can 

only tell us so 

much…
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Which panels tell us about which systems?

Cardiovascular system: 2, 3, 5

Ventilation: 1, 4, 7

Ventilation-perfusion relationships: 6, 8, 9  



The 9-Panel Plot: 

What does each panel tell us?

1. Ventilation vs. Time (or Watts)

2. Heart rate and O2 pulse vs. Time 

3. VO2 & VCO2 vs. Time

4. Ventilation vs. VCO2

5. Heart rate vs. VO2 / VCO2 vs. Time

6. VE/VO2 & VE/VCO2 vs. Time

7. Tidal volume vs. Ventilation 

8. RER (VD/VT/saturation) vs. Time

9. PETCO2 & PETO2 vs. Time 

(& PaO2 and PaCO2 if blood gas analysis

undertaken)
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If you know normal, then you can establish 

abnormal!



The ‘normal’ CPET 9-Panel Plot

Image from: Chambers & Wisely (2019) BJA Education



Standardised reporting is key!



What should be in your CPET report?

• Date 

• Indication for CPET

• Medication on test day 

• Protocol and ergometer used 

• Execution of the test (technical 

problems/complaints during the test/test duration)

• Reason for stopping 

• Quality of the test (HRpeak, RERpeak, VR) 

• Was the test maximal?

• Response during exercise (cardiovascular, 

ventilatory, gas exchange) – potential limiting 

factors of dysfunction / reduced fitness is evident 

• Compare outcomes with appropriate norms (check 

which norms are already in the system – not 

always application for your patient!) 

• Compare with disease or sport specific norms – if 

available 

• ECG (if performed): rest, exercise and recovery

• Spirometry (if performed): pre- and post-exercise 

• Conclusion 

• Recommendations 

• Name of the test leader / interpreter   



Summary

• CPET is not always the best test 

• ERS statement provides key standardised guidance for CPET 

• The 9-panel plots and additional tabular data provide an overview 

of the key parameters during exercise

• Systematic approach exists for a standardised interpretation of 

the 9-panel plot

• The 9 graphs are helpful for analysis of parameters (e.g. VAT, 

VE/VCO2 slope and ΔVO2/ΔWR) and for interpretation

• A well documented ‘normal’ response can enable abnormalities to 

be identified and diagnosed

• Performance and subjective measures can be used to prescribe 

individualised, safe and appropriate exercise training 



Let’s get testing! 
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If you still have questions after this 
session…….

Zoe Saynor@Zoe_Saynor

@CHaRT_UoP

@Zoe_Saynor

zoe.saynor@port.ac.uk

Thank you for your attention 

Please get in touch if you still have questions after the 
discussion session…….


