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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? NO 

C.  Which steps of your protocol will viewers benefit most from having filmed? Steps 2.8-2.11, 3.10.1, 4.5, and 4.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
1) Ensuring true max test: 3.10.1 

2) Maintaining steady-state over entire duration of submaximal exercise test: 4.5 & 4.6
E.  Will the filming need to take place in multiple locations? NO
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Courtney Wheatley: This method can help answer key questions in how exercise can be used to diagnose a variety of pathologies including exercise intolerance, ischemia, or subclinical dysfunctions not apparent at rest.   
1.2. Courtney Wheatley: The main advantage of this technique is that in a single test by evaluating an individual’s response to exercise you can determine if there are cardiac, pulmonary, or metabolic dysfunctions.  
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Michael Gustafson: Though this method can provide insight into understanding physiological response to exercise, it can also be applied to understanding other parameters, such as changes to the immune system, neurological functions, and other cellular and biochemical processes.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Michael Gustafson: Demonstrating the procedure will be Jesse Schwartz, a technician in the Cardiopulmonary and Performance Laboratory.

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician looks up from desk and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving human subjects have been approved by the Mayo Institutional Review Board
Protocol: (read by voice talent at JoVE)
2. Pulmonary function test (PFT)
2.1. Begin the slow vital capacity maneuver by instructing the subject to sit with a straight back and feet flat on the floor with their legs uncrossed [1-WIDE-TXT].
2.1.1. Have subject walk into testing room and sit with a straight back and feet flat on the floor with their legs uncrossed.  TEXT: Slow vital capacity (SVC) maneuver

2.2. Have the subject to put his/her mouth around the mouthpiece, and bite down [1-MED]. Then, fit the subject with a nose clip to seal off the nasal cavity [2-CU].
2.2.1. *Film as written

2.2.2. *Film as written
2.3. Start the maneuver on the software [1-MED-over shoulder], and instruct the subject to continue to breathe normally [2-MED].
2.3.1. Talent starts maneuver at computer.

2.3.2. Talent speaks to subject. 

2.4. Then, ask the subject to inhale maximally and then exhale slowly until there is a plateau in the flow tracing [1-MED]. At this point, instruct the subject to take a maximal breath in [2-MED].
2.4.1. Show subject take a big breath in and out.

2.4.2. Show subject taking a large breath in. 
2.5. Lastly, stop the measurement [1-MED-over shoulder], and allow the subject to remove the release the mouthpiece [2-MED].
2.5.1. Talent stops measurement on computer.

2.5.2. Subject release mouthpiece from mouth. 
2.6. For the forced vital capacity, FVC, maneuver, instruct the subject to grasp the mouthpiece again while remaining in the same seated position [1-MED-TXT].
2.6.1. Show different angle from 2.5.2 2.4.1.  Subject puts mouthpiece in mouth.  TEXT: Forced vital capacity (FVC) maneuver

2.7. Start the maneuver on the software [1-MED-over shoulder] and instruct the subject to continue to breathe normally [2-MED]. Ensure the subject has established a stable breathing pattern with a minimum of four tidal breaths [3-MED-over shoulder].
2.7.1. Talent starts maneuver at computer.

2.7.2. Talent speaks to subject. 

2.7.3. Show breath patterns on computer if visible. 

2.8. Then, instruct the subject to inhale fully and rapidly, and then to immediately exhale as quickly and forcefully as possible [1-MED].
2.8.1. Show subject inhale fully and rapidly, and then immediately exhale.
2.9. Lastly, ask the subject to continue to try and push all the air out of his/her lungs reaching a full exhalation while remaining in an upright posture, until reaching a plateau for about 5 seconds [1-MED]. After this is complete, stop the maneuver on the software [2-MED-over shoulder].

2.9.1. Show subject using energy to exhale as much as possible from different angle than prior shot.

2.9.2. Talent stops FVC on software. 

2.10. For the last maneuver, maximum voluntary ventilation, MVV, start it on the software to show the countdown bar indicating the number of breaths required before data collection begins [1-MED-over shoulder-TXT]. 
2.10.1. Talent starts MVV maneuver, and show countdown on computer screen. TEXT: Maximum voluntary ventilation (MVV) maneuver

2.11. With one breath to go in the countdown, direct the subject to start breathing deeply and rapidly through the mouthpiece for 12 s [1-MED].
2.11.1. Keep mouthpiece and nose clip on from prior maneuver. Talent gestures to subject to start breathing deeply.  

2.12. Finally, at the end of 12 s, instruct the subject to resume normal breathing and remove mouthpiece and noise clip [1-MED]. If subject feels light headed, encourage them to remain seated and to take slow deep breaths [2-MED].
2.12.1. Talent removes mouthpiece and nose clip from subject.

2.12.2. Talent speaks to subject. Subject continues to sit in chair and nods yes. 


3. Incremental maximal cycling test – Visit 1 

3.1. Begin by preparing the skin for the electrodes by shaving hair away from electrode placement site if present [1-MED]. Rub the site with an alcohol pad [2-CU] and then with an abrasive pad to remove any dead skin cells [3-CU]. 
3.1.1. Shave hair away from electrode site.

3.1.2. *Film as written

3.1.3. *Film as written
3.2. Then, place electrodes for a 12-lead electrocardiogram [1-MED-TXT].
3.2.1. Show subject in supine position, with all electrodes connected except one. Talent places final electrode on subject to demonstrate. TEXT: See text protocol for electrode placement. 
3.3. For incremental maximal cycling test, start by fitting the subject to the bike by making sure the seat and handlebars are positioned comfortably [1-WIDE]. 
3.3.1. Show subject getting fitted onto the bike. 

3.4. Wipe the subjects’ forehead with an alcohol wipe to remove any residue [1-CU], then secure a pulse oximeter to the forehead with a headband [2-MED].  
3.4.1. *Film as written

3.4.2. *Film as written
3.5. Next, place the mouthpiece and nose clip on the subject [1-MED].
3.5.1. *Film as written
3.6. Inform the subject that they will need to stay breathing through the mouthpiece for the entire duration of the test, and breathe only through his/her mouth as the nose will be plugged with the nose clip [1-MED]. 
3.6.1. Talent speaks to the subject, and gestures to their mouth.  Subject nods head yes. 

3.7. After 2 min of rest, begin data collection [1-MED-over shoulder], and instruct the subject start to pedaling to a rate between 60 and 80 rpms [2-MED].
3.7.1. Talent clicks begin in software.

3.7.2. Subject begins pedaling. (Editor: If 3.7.2A is as described – just a closer version of this shot – use whichever looks better)
3.7.2A [Added Shot]: closer shot
3.8. Have an assisting technician measure blood pressure 1 min into each stage while a second technician assists with the test [1-MED].
3.8.1. Show assisting tech measuring BP.  

3.9. Then, ask the subject to point on the Borg Rating of Perceived Exertion, or RPE, scale to rate his/her exertion level [1-MED] where 6 indicates that the exertion is perceived as easy and 20 indicates that the perceived exertion is at the hardest work they can imagine doing [2-MED-over shoulder].
3.9.1. Show scale, Subject point to ’10’. 

3.9.2. Talent enters ‘10’ into the ECG system. 
3.10. Finally, continue the test until exhaustion of the subject [1-MED/CU-TXT], then proceed to the recovery phase by dropping the resistance to the initial workload and instruct the subject to continue to cycle for another 2 min [2-MED].
3.10.1. Show a tired subject, then show rpm at 40 TEXT: See text protocol for exhaustion criteria. 

3.10.2. Show subject cycling at slower pace. 
4. Endurance steady-state submaximal cycling test – Visit 2
4.1. For visit 2, prepare the subject in the same manner as visit 1 [1-MED]. 
4.1.1. Show subject already on bike with mouthpiece and nose clip. 
4.2. Then, begin data collection by instructing the subject to start pedaling [1-MED] to a pedal rate between 60 and 80 rpms [2-CU]. 
4.2.1. Show subject start to pedal faster and faster.
4.2.2. Show 65 rpm on screen. 

4.3. From the 10-25 min time point, instruct the subject to release the mouthpiece [1-MED].

4.3.1. Show subject release mouthpiece while pedaling. 
4.4. Then, ask the subject to re-grasp the mouthpiece from the 25th-30th min, and during the last 5 min of the 45 min test [1-MED].
4.4.1. Show subject re-grasping mouthpiece while pedaling. 

4.5. As the test continues, be sure to check that the VO2 hasn’t increased significantly when the subject is back on the mouthpiece [1-MED-over shoulder].
4.5.1. Talent checks VO2 level. 

4.6. Check that the subject’s HR doesn’t increase by more than 5 bpm [1-MED-over shoulder], and watch for any fatigue by the subject or that his/her RPE rating is rising [2-MED-TXT]. 
4.6.1. Talent checks HR level. 

4.6.2. Talent observes the subject pedaling. TEXT: Drop workload by 5-10% if metrics decline.

4.7. Finally, following 45 min, instruct the subject to complete a 2 min recovery period of easy pedaling [1-WIDE]. Once complete, have subject disembark the bike [2-WIDE], and draw 5 mL of venous blood [3-MED] [2-WIDE].
4.7.1. Subject pedals at a slow and steady rate.

4.7.2. Subject gets off bike and sites in chair to get blood drawn. 
4.7.3. Talent draws subject’s blood. (Author Comment: No shot of blood draw was taken. Remove step 4.7.3) (Editor: The author wasn’t clear if any changes should be made to the VO when removing this shot. I’ve adjusted the VO slightly to keep it for now, assuming they wanted to keep it)
5. Results: Physiological changes and exertion from maximal and endurance exercise tests
5.1. Results indicate that in a maximal exercise test, where demand or exercise intensity is continually increasing with increases in workload, the cardiopulmonary and metabolic response also continuously increase [1-LM]. 
5.1.1. Figure 1A: Video editor – Highlight title, and highlight data traces for ‘HR’ and ‘VO2’
5.2. In contrast, during a submaximal endurance exercise test the demand is increased from that at rest, but is raised to fixed exercise intensity. As such, the cardiopulmonary response has an initial increase, but then plateaus as the body adapts to meet the consistent demand [1-LM].
5.2.1. Figure 1B: Video editor – Highlight title, and highlight data trace for ‘VE’. 
5.3. Further, in a maximal exercise test RPE and respiratory exchange ratio will steadily increase until the end of the test [1-LM], whereas in a submaximal endurance exercise test these parameters will plateau [2-LM].
5.3.1. Figure 2A: Video editor – Highlight both data traces with two different colors, and correspond that to the legend. 
5.3.2. Figure 2B: Video editor –Highlight both data traces with the same colors as 5.4.1, but only highlight data from x = 20 min onward (the flat part). 
6. Conclusion (said by authors on camera)
6.1. Michael Gustafson: While attempting this procedure, it’s important to ask yourself “What data do you want to get from the exercise test?”, and use this to design the exercise testing. The methodology demonstrated today was used to understand immunological changes in healthy individuals in the two different exercise regimens.
6.1.1. Video editor – This statement connects to steps 3.7, 3.8, and/or 3.9 (Author Comment: Please note: this shot was mislabeled as 1.4 in the video shoot.)
6.2. Michael Gustafson: Don't forget that what the patient does before they come to the test can affect the exercise testing results. To improve consistency and reproducibility restrict use of stimulants, control food intake, and exercise prior to testing. Also, keep testing conditions consistent and be cognizant of menstrual cycle phase when testing females.    

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
5.1.1
JoVE58417_Gustafson_Figure1A.tif- Gas Exchange and Heart Rate Data for Maximal Endurance Exercise Tests.

5.3
JoVE58417_Gustafson_Figure1B.tif- Gas Exchange and Heart Rate Data for Submaximal Endurance Exercise Tests.
5.4.1
JoVE58417_Gustafson_Figure2A.tif- Parameters of Exercise Intensity for Maximal Exercise Tests

5.4.2
JoVE58417_Gustafson_Figure2B.tif- Parameters of Exercise Intensity for Submaximal Exercise Tests

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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