[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 70664
Scriptwriter Name: Deepthi Das
Project Page Link: https://review.jove.com/files_upload.php?src=21552568 

Title: Structured Exercise Regimen in Pulmonary Hypertension-Right Ventricular Failure in an Ovine Model  

Authors and Affiliations: Blake A. Bulard1, Andrew R. Kumpfbeck1, Yerin Woo1, Elizabeth Simonds2, TiOluwanimi Adesanya1, Gabriella Glomp2, Benjamin Schanz1, Bilaal Said1, Sarah Kane2, Courtney Cagnolatti2, Mark Petrovic2, Sriya Bapatla2, Enock Adjei1, Eric Austin3, John Stokes4, Caitlin T. Demarest4, Rei Ukita1, Matthew Bacchetta1,5

1Department of Cardiac Surgery, Vanderbilt University Medical Center
2Vanderbilt University
3Department of Pulmonary Medicine, Vanderbilt University Medical Center
4Department of Thoracic Surgery, Vanderbilt University Medical Center
5Department of Biomedical Engineering, Vanderbilt University

☒   All author names and affiliations are correct (city/state/country information not included in video title page). 

Corresponding Authors: 
[bookmark: _Hlk25233958]
Matthew Bacchetta			matthew.bacchetta@vumc.org

Email Addresses for All Authors: 

andrew.kumpfbeck@vumc.org
benjamin.schanz@vumc.org
bilaal.said@vumc.org
blake.bulard@vumc.org
caitlin.demarest@vumc.org
courtneycagnolatti02@gmail.com
elizabeth.simonds@vumc.org
enock.adjei@vumc.org
eric.austin@vumc.org
gabriella.a.glomp.1@vumc.org
john.w.stokes@vumc.org
mark.petrovic.1@vumc.org
matthew.bacchetta@vumc.org
nimiadesanya@gmail.com
rei.ukita@vumc.org
sarah.kane@vanderbilt.edu
sriya.bapatla@vanderbilt.edu
yerin.woo@vumc.org




Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
N/A  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
N/A
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
N/A

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? N/A

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Blake Bulard, MD Post Doctoral Research Fellow VUMC
Andrew Kumpfbeck, MD Post Doctoral Research Fellow VUMC

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  18
Number of Shots:  58 


Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Blake Bulard, MD: We are studying the effects of exercise on the pathophysiology of pulmonary hypertension-right ventricular failure in an ovine model. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Blake Bulard, MD: The effects of exercise on PH-RVF has not been well described due to exercise tolerance and risk of rapid cardiopulmonary decompensation.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Andrew Kumpfbeck, MD: This protocol allows us to directly measure hemodynamic values in real time while exercising.

Describe the most important consideration or challenge when performing this protocol.
1.5. Andrew Kumpfbeck, MD: One particular challenge of this protocol is maintaining port access while exercising, especially maintaining the pressure of the PA cuff.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Andrew Kumpfbeck, MD: One thing we hope to measure in greater detail is oxygen consumption during exercise and recovery. 

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Vanderbilt University Medical Center 



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation of Heparinized Flushes and Pulmonary Artery (PA) Monitoring Setup
Demonstrator: Blake Bulard,MD

2.1. To begin, collect the required reagents and set up the workspace for the experiment [1]. Take three normal saline flushes, remove 1 milliliter from each [2], and add 1 milliliter of heparin solution containing 1000 units to each syringe [3]. 

2.1.1. WIDE: Talent arranging supplies and preparing syringes in the workspace.
2.1.2. Talent picking up three normal saline flush syringes and removing 1 mL of saline from each syringe.
2.1.3. Talent adding 1 mL of heparin into each syringe.

2.2. Prepare two 10-milliliter syringes, one for waste and one for blood collection and five 1 milliliter syringes for blood gas collection [1]. Using a 5-milliliter syringe, draw up 5 milliliters of heparin solution containing 5000 units heparin for locking the right ventricular or RV (R-V) line [2]. Reconstitute 2 milligrams of alteplase with 2.2 milliliters of sterile water, if the RV line has clotted or the waveform is dampened [3].
Authors: Please clarify if any more actions are to be demonstrated in [1].
Authors: Shot [3] has been adjusted for clarity. Please confirm its accuracy. Also, please indicate whether this shot should be moved to the step where this action is conditionally required, as this preparation is only needed if the RV line is clotted or the waveform is dampened. If so, please specify the shot number after which it should be inserted.
We can demonstrate reconstituting the alteplase so people know to add the sterile water and then have it drawn up and to the side. We won’t be putting this into the sheep or actually reconstituting as each bottle 

2.2.1. Talent labeling and placing two 10 milliliter syringes and five 1 milliliter syringes on the work bench.
2.2.2. Talent drawing heparin into a 5-mL syringe.
2.2.3. Talent adding sterile water into the alteplase vial.

2.3. Obtain one 1-milliliter syringe and one 5-milliliter syringe and fill both with hypertonic saline using a 20 to 22 gauge needle [1]. Use the 1-milliliter syringe to inflate the cuff [2] and the 5-milliliter syringe to prime the line [3].

2.3.1. Talent filling the one 1-mL syringe and one 5-mL syringe with hypertonic saline.
2.3.2. Talent inflating the cuff using the 1-mL syringe
2.3.3. Talent priming the line using the 5-mL syringe

2.4. Obtain a pressure transducer and connect the female Luer end of pressure tubing to the male Luer end of the transducer [1]. Confirm that the bottom Luer end of the transducer is capped [2]. Connect the tubing to a three-way stopcock and attach a 22-gauge Huber needle [3]. Flush the line with hypertonic saline until fluid exits the needle [4]. Adjust the stopcock to lock toward the needle and then turn the three-way stopcock towards the blue cap to open access to the cuff [5].

2.4.1. Talent connecting tubing to a pressure transducer.
2.4.2. Talent checking whether the bottom port of the transducer is capped.
2.4.3. Talent attaching tubing and Huber needle via stopcock.
2.4.4. Talent flushing saline through the line until it exits the needle.
2.4.5. Talent adjusting the stopcock towards the needle and then rotating the three-way stopcock towards the blue cap.

3. Heparinized System Setup and Animal Preparation 

Demonstrator: Andrew Kumpfbeck, Blake Bulard, Bilaal Said, Benjamin Schanz

3.1. Remove 2 milliliters of normal saline from a 1 liter bag and add 2 milliliters of heparin solution containing 2000 units heparin [1]. Place the saline bag into a pressure bag insert it into an access bag with an intravenous spike [2]. Turn the three-way stopcock on the pressure bag so the handle is perpendicular to the tubing [3]. Inflate the bag using the hand pump until the pressure indicator turns green at approximately 250 millimeters of mercury [4]. 
Authors: Please review and confirm if these steps are accurate. These steps are accurate.

3.1.1. Talent withdrawing 2 milliliters of normal saline from a 1 L bag and injecting 2 mL of heparin into the same bag. 
3.1.2. Talent placing the saline bag into a pressure bag and then into an access bag with an intravenous spike.
3.1.3. Talent adjusting the three-way stopcock to a perpendicular position.
3.1.4. Talent inflating the pressure bag using the hand pump until the indicator shows green. 

3.2. Turn the three-way stopcock towards the bag to maintain pressure and place the bag on the intravenous pole approximately 2 meters above the ground [1]. Attach each tube to its designated location [2].   

3.2.1. Talent turning the stopcock toward the bag and hanging the pressure bag on an intravenous pole at the specified height.
3.2.2. TEXT ON A PLAIN BACKGROUND:
The tubing and designated location:
1. Connect the intravenous line (male end) to the transducer (female end)
2. Connect the pressure tubing (female Luer end) to the transducer (male end)
3. Connect the tubing (male end) to the stopcock (female Luer end)

3.3. Connect a 22-gauge Huber needle to the male end of the three-way stopcock [1]. Open the heparin bag intravenous line to flush the entire line until heparinized saline exits the Huber needle [2]. Turn the three-way stopcock toward the Huber needle to lock it [3].

3.3.1. Talent attaching the 22-gauge Huber needle to the stopcock.
3.3.2. Talent opening the intravenous line from the heparinized saline bag to flush the line until fluid emerges from the Huber needle.
3.3.3. Talent turning the stopcock toward the Huber needle to lock the line.

3.4. Obtain a sheep model of pulmonary hypertension-RV failure instrumented with a pulmonary artery or PA (P-A) cuff and RV pressure port, ready for exercise testing [1].  Use a transport cage to transfer the sheep to the exercise room [2]. Lead the sheep onto the treadmill and place a halter [3]. Use the halter to position the sheep at the front of the treadmill with front legs on a small crate [4].

3.4.1. WIDE: Shot of the sheep ready for exercise testing
3.4.2. Talent moving the sheep in a transport cage.
3.4.3. Talent guiding the sheep onto a treadmill and placing a halter.
3.4.4. Talent positioning the sheep with front legs on a crate.

3.5. Palpate the ports and clean the skin with alcohol wipes [1]. Use a Huber needle to access the PA port [2]. Repeat the same procedure to access the RV port [3]. Once the computer is turned on, open LabChart and set up channels for PA cuff, RV pressure, systolic pressure, and heart rate [4].  

3.5.1. Talent palpating and cleaning the port site.
3.5.2. Talent inserting a Huber needle into the PA port.
3.5.3. Shot of the talent inserting a Huber needle into the RV port.
3.5.4. SCREEN: Opening LabChart and configuring channel settings for PA cuff, RV pressure, systolic pressure, and heart rate.

3.6. Ensure correct access orientation with the PA port positioned closer to the head and the RV port positioned closer to the tail [1]. Position transducers between the sheep and computer at the heart level and connect both pressure transducers to the interface cable [2].

3.6.1. Talent adjusting and verifying the placement of PA and RV ports on the sheep.
3.6.2. Talent positioning the transducers between the computer and the sheep at heart level and connecting both pressure transducers to the interface cable.

4. Hemodynamic Monitoring and Blood Sampling During Exercise

Demonstrator: Blake Bulard, Andrew Kumpfbeck, Bilaal Said, Benjamin Schanz 

4.1. Once the transducers are zeroed and calibrated, click Start to begin recording the RV and PA cuff pressure waveforms at 400 hertz [1].  Turn the stopcock upward to transduce the PA cuff pressure waveform [2]. Then, turn the stopcock off toward the sheep to close the waveform [3].

4.1.1. SCREEN: Scrolling through the calibrated parameters and clicking the Start button to initiate recording at 400 Hz. Show how to zero and calibrate lines as part of screen recording.
4.1.2. Talent turning the stopcock upward to open the PA cuff line. Video editor: Please add Figure 4A as an inset
4.1.3. Talent turning the stopcock toward the sheep to close the waveform.
Video editor: Please add Figure 4B as an inset

4.2. Keep the stopcock for PA cuff pressure turned off for most of the time to prevent cuff deflation due to high pressures [1]. Alternatively, place a cap on the other end of the cuff transducer to prevent backflow [2]. 
Authors: Please clarify whether you intend to demonstrate [1] or [2]. We will be demonstrating [2] but also have a cap on the transducer end.

4.2.1. Talent positioning the stopcock in the off position. 
4.2.2. Talent placing a cap on the cuff transducer end.

4.3. Place one heparin flush on the three-way stopcock for the RV line [1]. Flush the entire line into the RV port [2]. Gently draw back on the syringe until dark blood returns [3].

4.3.1. Talent attaching the heparin flush to the three-way stopcock.
4.3.2. Talent flushing the line into the RV port.
4.3.3. Talent pulling back on the syringe and observing dark blood return.

4.4. Power flush with an additional 5 to 10 milliliters of heparinized saline if blood is difficult to draw [1]. Then, use a large empty syringe such as 20 milliliters or 30 milliliters to draw back the blood [2]. If clogging persists, inject 1 to 2 milligrams of alteplase into the line and wait approximately 10 minutes [3].

4.4.1. Talent forcefully flushing the line with heparinized saline.
4.4.2. Talent drawing back using a large syringe.
4.4.3. Talent injecting alteplase into the line.

4.5. Open the three-way stopcock connected to the RV line to transduce RV pressure and waveform [1]. Observe waveform variation at rest, exercise, and recovery speeds [2].

4.5.1. Talent turning the stopcock to open the RV line for pressure transduction.
4.5.2. SCREEN: Display RV waveform changes in LabChart during different physiological states. This does not need to be a screen recording. This can just be referred to Figure 4C.

4.6. Turn the stopcock off toward the transducer [1]. First use an empty 10-milliliter syringe to draw 10 milliliters of RV blood [2]. Then, use a 1-milliliter syringe to draw 0.2 to 0.4 milliliters of RV blood as the sample [3]. Return the 10 milliliters of RV blood back to the sheep [4].
Authors: Please verify and confirm that the shots described in this step are accurate and sufficient. This is accurate.

4.6.1. Talent turning the stopcock toward the transducer.
4.6.2. Talent withdrawing 10 milliliters of RV blood using a 10 milliliter syringe.
4.6.3. Talent collecting 0.2 to 0.4 milliliters of blood using a 1-mL syringe as the sample for blood gas analysis.
4.6.4. Talent reinfusing the 10 milliliters of blood into the RV line.

4.7. Turn the stopcock to the upward position [1]. Pull the white tab on the RV pressure transducer to open the valve until all blood clears from the pressure line [2]. Start the first exercise speed by setting the treadmill knob to 30, corresponding to 0.46 meters per second, and maintain for 10 minutes [3]. Open the PA cuff line periodically during   the 10-minute interval to transduce PA cuff pressures [4].

4.7.1. Talent turning the stopcock upward.
4.7.2. Talent pulling the white tab and flushing the line until clear.
4.7.3. Talent adjusting the treadmill knob to 30 to initiate exercise.
4.7.4. Shot of the talent opening the PA cuff stopcock during exercise.

4.8. Near the end of the 10-minute interval, obtain blood gas as demonstrated previously [1]. For treadmill settings of 40, 50, then 30, and finally 0, repeat the blood collection, flushing, and exercise procedure [2]. Use 1 milliliter of hypertonic saline to inflate the cuff to 150 to 200 millimeters of mercury [3]. Transduce RV pressure for a few minutes after inflation to ensure tolerance [4].

4.8.1. Shot of the talent collecting a blood sample near the end of the exercise interval.
4.8.2. Talent adjusting treadmill settings sequentially through the specified speeds.
4.8.3. Talent injecting hypertonic saline to inflate the cuff.
4.8.4. SCREEN: Display RV pressure waveform monitoring in LabChart after cuff inflation.




Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 81
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Mixed venous oxygen saturation remained relatively stable at maximum treadmill speed from week 1 to week 8 [1]

5.1.1. LAB MEDIA: Figure 5A. Video editor: Highlight the red maximum speed line at week 1 and week 8 to show that the values stayed at a similar level.

5.2. RV systolic pressure increased from week 1 to week 8 [1].

5.2.1. LAB MEDIA: Figure 5B. Video editor: Highlight the red maximum speed line at week 1 and week 8, and emphasize the higher point at week 8.

5.3. The distance traveled during exercise increased from week 1 to  week 8 [1].

5.3.1. LAB MEDIA: Figure 5C. Video editor: Highlight the bar at week 1 and the bar at week 8 and emphasize that the week 8 bar is taller.

5.4. PA cuff pressure at week 8 increased to 777 ± 98 millimeters of mercury [1].

5.4.1. LAB MEDIA: Figure 5D. Video editor: Highlight the bar at week 8 and its error bar. Please add a label ‘777 ± 98’ to mark this bar.

5.5. At the selected treadmill speeds, mixed venous oxygen saturation decreased [1] and RV systolic pressure increased as exercise speed increased [2]. 

5.5.1. LAB MEDIA: Figure 6. Video editor: Highlight dip in the blue line labelled “SvO2” corresponding to the speeds 0.46, 0.78 and 1.1 meters per second
5.5.2. LAB MEDIA: Figure 6. Video editor: Highlight the three points in the red line labelled “RVSP” corresponding to the speeds 0.46, 0.78 and 1.1 meters per second
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