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Laboratory Session 2: VO2max, the VT and Breath-by-Breath Data Processing
Background

The measure of VO2max is arguably the most widely performed laboratory measurement in all of exercise physiology.  Nevertheless, there are no universally accepted guidelines for how to measure VO2max other than constraints on protocol length.  For example, when collecting breath-by-breath data, there are no clear guidelines for how to process the data to remove breath-by-breath variability.  In addition, there is no accepted method for processing data to detect VO2max, or for defining what is and is not a VO2 plateau.  Furthermore, there are no clear procedures or strategies for knowing when to use the term VO2max vs. a VO2 plateau.  Given that researchers have been measuring VO2max for more than 95 years, such a lack of evidence-based standardization in the measurement is a negative reflection on the science-base of exercise science/physiology.

Another aspect of VO2max measurement and interpretation concerns the physiological determinants to VO2max and the decision to end exercise.  Historically, physiologists have accepted that a subject is forced to end exercise at VO2max because of the exercise demands exceeding the capacities of the cardiovascular and pulmonary systems to acquire and circulate oxygen to the working muscles ().  Numerous physiologists have criticized this cardio-pulmonary determinant interpretation, arguing that most subjects do not show a leveling off in VO2 near VO2max, and that it is physiologically unlikely that we are able to exercise to the true limits of cardiovascular, pulmonary or neuromuscular function, as this would be inherently dangerous to the heart, lungs, vascular system and musculoskeletal system.  As such, perhaps there really is no such entity as a maximal VO2, and we should always use the term VO2peak!
Despite these negative traits, the measurement of VO2max has tremendous physiological and applied benefit.  For example, VO2max decreases with detraining and increases with training; VO2max is improved with blood doping and/or simply an expansion of plasma volume; VO2max is lowered during hypoxia, and the test to VO2max has proven applications to clinical exercise physiology in the detection of cardiovascular and/or pulmonary disease.  Finally, expressing exercise intensities to a % of VO2max is a recognized and effective method to compare individuals of different fitness, the same person pre- and post training or detraining, and to quantify metabolic responses to exercise such as the detection of metabolic thresholds such as the ventilatory threshold (VT) ().

Purpose

This laboratory will require that you to perform a VO2max test on each of a cycle ergometer and treadmill, compare different methods of data processing to remove breath-by-breath variability, and objectively detect the presence of a VO2 plateau, VO2max and the VT.  Make sure you get the software from the Teaching Lab corner (front left - wall) computer (on desktop = “DataProcessingProgram” folder).  Copy this folder to a jump drive, install the RunTimeEngine software (like you did for the CD book) on your computer, and use the program.
Methods

1. Determine the protocol for the subject and exercise apparatus.

2. Prepare a mouthpiece and make sure you also have a head support apparatus and nose clip.

3. Complete all subject (height and weight) and environmental measurements (pressure, temperature and humidity).
4. Prepare the subject for heart rate measurement via a heart rate monitor.  Be prepared to record heart rates every 15 s as you did in Lab 1.  I also recommend that you print and use the same data sheet from Lab 1 for this purpose.
5. Use the newVO2 program to calibrate the turbine and gas analyzers.  Complete the delay time and check signals options.  Make sure the calibration gas fraction constants are correctly entered/displayed in the program when you calibrate the analyzers!
6. Assuming all check signals data are working fine, progress to the Collect Data option and start the test.  It is recommended that you collect 1-2 min of rest data prior to starting exercise just to make sure the calibrations were successful.  Look at VO2, VCO2 and RER for this purpose.  If the subject is not hyperventilating, RER should be < 1.0.  Typically, RER at rest prior to an exercise test is between 0.8-1.0, and should decrease after the start of exercise to about 0.7.  RER will then increase gradually with increasing exercise intensity.
Results

7. From the data obtained from the test, perform the following;

8. Process the .txt data file from the test using my custom processing program.  The .txt file will be saved to the “NewVO2data” folder icon on the desktop.  The actual path (location of the program on the computer) of the program can be obtained by right clicking the program icon and selecting Properties.  Process the data for VE STPD, VO2 (mL/kg/min) and RER using a 7 br average..
9. Identify the maximal values for each measurement and data processing method and present these in table form.
10. Show how you would use regression slope analysis to identify the presence, or lack of, a VO2 plateau.  Do this for the VO2 data set and graph this data and procedure.

11. Present graphs of your processed breath-by-breath data for VE, VO2, RER, VE/VO2 and VEVCO2, as well as your heart rate data.
Discussion

Explain the changes/response of RER to incremental exercise.  Why does RER change in this manner during incremental exercise (use “intelligent” rationale based on metabolic biochemistry and motor unit recruitment!!!!!!)?
Describe the ventilation response to incremental exercise. Why does VE change in this manner during incremental exercise (use “intelligent” rationale based on metabolic biochemistry and acid-base physiology)?
Graph the variables VE/VO2 and VE/VCO2 to show the ventilation threshold (VT).  To detect the VT, identify the intensity corresponding to the first sustained increase in VE/VO2.  This should occur about 1 to 2 min prior to the first sustained increase in VE/VCO2.

Express VO2 data as %VO2max.  When did the VT occur when intensity is expressed as %VO2max?
Did the subject have a VO2 plateau?  Was the VO2 response to the protocol totally linear (did it show a consistent slope across all intensities)?  What is the VT?  Describe the fitness status of the subject.  What type of training should the subject do to improve VO2max and also the VT?
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