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Making Cardiopulmonary Exercise Testing 

Interpretable for Clinicians





CPX Indications (AHA)
Å Class I indications - (good evidence)
ï1. Evaluate exercise capacity and response to therapy in 

heart failure patients being considered for 
transplantation.

ï2. Differentiate cardiac versus pulmonary limitation for 
dyspnea on exertion.

Å Class IIa - (weight of opinion)
ï1. Evaluate exercise capacity when indicated for medical 

reasons when subjective estimates (exercise test time 
or work rate) are unreliable.

Å Class IIb - (efficacy less established)
ï1. Evaluate response to intervention in which improvement 

of exercise tolerance is an important end point.
ï2. Determine exercise training intensity for cardiac rehab.

Å Class III - (not recommended)
ï1. Routine use to evaluate exercise capacity.



Circulation 122:191-225, 2010

CPX Testing



Exercise Testing and Training

Circulation 104:1694-1740, 2001



Setting Up and Running and 
Exercise Testing Laboratory

Circulation 119: 3144-3161, 2009



Coupling of External to Cellular Respiration

Wasserman K.  Exercise Gas Exchange in Heart Disease. Future 1996.

CO2 production         O2 flow Expired

O2 consumption        CO2 flow Inspired

Response: QO2 SV,   HR VT,   f



CPX Testing Important Terms
Å VO2 = oxygen consumption (measure of CV-R fitness)
ïAbsolute (L/min) vs relative (mL/kg/min)

Å RER = respiratory exchange ratio (measure of effort)
ïAmount of CO2 per O2  consumed
ïRER > 1.0 extra CO2 produced related to lactate 

production
ïRER > 1.10 considered maximal effort

Å Ve/VCO2 slope = vent efficiency/dead space
ïPrognostic in HF: > 34 Ҧ ǿƻǊǎŜ ǇǊƻƎƴƻǎƛǎ

Å Dyspnea index = peak exercise ventilation/MVV
ï> 50% = onset of dyspnea
ï> 80% = exercise ceases usually within 1 minute
ïBreathing reserve = (1 ςDyspnea Index)

ÅO2 pulse = VO2/HR  = SV x AVO2 diff
ïSurrogate for stroke volume



Gas Exchange Report



Nine Panel Plot



CPX Test Interpretation
ÅStep 1: PFTs. 
ïFEV1 < 1.0L? Ҧ ƭǳƴƎ ƭƛƳƛǘŜŘΤ  Is MVV ~ FEV1  x 35?

ÅStep 2: Exercise time & protocol used & reason for stopping
ïCP or desaturations during exercise?

ÅStep 3: RER
ï> 1.10 = maximal test; likely limited by lactate.
ï< 1.10 may or may not be max

ÅStep 4: VO2 and % predicted
ïVO2 of 14 mL/kg/min may be normal for 70 y woman.

ÅStep 5: Ve/VCO2
ïҧVe/VCO2 = ҧdead space Ҧ /ICΣ ǇǳƭƳƻƴŀǊȅ ǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜ

ÅStep 6: Dyspnea Index (peak VE/MVV)
ï>ул҈ Ҧ ƭǳƴƎ ƭƛƳƛǘŜŘ



CPX Test Interpretation --alternative
ÅStep 1: PFTs
ïFVC, FEV1 , FEV1/FVC < 80% Ҧ ƭǳƴƎ ƭƛƳƛǘŜŘΤ  Is MVV ~ FEV1  x 35?

ÅStep 2: RER ςadequacy of test
ï> 1.10 = maximal test; likely limited by lactate.
ï< 1.10 may or may not be max

ÅStep 3: VO2 and % predicted ςtotal oxidative capacity limited
ïVO2 of 14 mL/kg/min may be normal for 70 y woman.

ÅStep 4: O2-pulse and % predicted ςcardiac limited ςPanel 2
ïCompare with VO2 and HR response 



Normal Study
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ÅStep 6: VO2 at VT; HR at VT ςskmuscle limited ςPanels 3, 6, 9
ïPercent of predicted
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Nine-panel Plots

Some Examples
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