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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
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.
Enter make and model of microscope.
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.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

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.
Enter full author name, Enter author position

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:  15
Number of Shots:  46

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. 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.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. 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.
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. 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.

Describe the most important consideration or challenge when performing this protocol.
1.5. 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.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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.

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 was approved by the Danish Animal Research Inspectorate, which serves as the equivalent regulatory authority for animal research ethics



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. Instrumentation and Catheter Placement for Hemodynamic Monitoring
Demonstrator: Click here to enter name of demonstrator(s) 
2.1. To begin, obtain a fully anesthetized, ventilated pig [1]. Insert an 8 French sheath into a common carotid artery [2]. Insert a 12 French sheath into a femoral vein [3]. Insert an 8 French sheath into an external jugular vein [1].

2.1.1. WIDE: Show the experimental setup with the anesthetized pig lying on the operating table, connected to ventilator support, and fully instrumented for the upcoming procedures.
2.1.2. Talent inserting an 8 Fr sheath into the common carotid artery.
2.1.3. Talent inserting a 12 Fr sheath into the femoral vein.
2.1.4. Talent inserting an 8 Fr sheath into the external jugular vein.

2.2. Insert an 8 Fr sheath into the contralateral common carotid artery, opposite to the side used for pre-anesthesia [1-TXT]. Using a 10 milliliter syringe, draw blood from each sheath to confirm correct placement of the intravascular sheaths [2]. Perform saline flushing to confirm that there is no resistance [3]. 
Authors: Please review this step closely and confirm whether the shots are necessary and sufficient.

2.2.1. Talent inserting an 8 French sheath into the opposite common carotid artery. TXT: For coronary catheterization and embolization
2.2.2. Talent aspirating blood from a sheath with a 10-mL syringe.
2.2.3. Talent flushing saline through the sheath.

2.3. Suture all sheaths to the skin [1]. Connect all sheaths to the relevant monitoring systems [2]. 

2.3.1. Talent suturing the sheaths to the skin.
2.3.2. Talent connecting the sheaths to the relevant monitoring systems.

2.4. Draw blood into a 0.5 milliliter cryogenic vial [1]. Perform a blood resistivity measurement with the calibration probe immediately upon blood collection [2].

2.4.1. Talent drawing blood into a 0.5 mL cryogenic vial.
2.4.2. Talent measuring blood resistivity with the calibration probe immediately after collection.

2.5. Insert the left ventricular pressure-volume or LV PV (L-V-P-V) catheter through an 8 French carotid sheath [1]. Follow the pigtail of the LV PV catheter to advance through the aortic valve during systole [2]. Place the tip of the LV PV catheter as close to the left ventricular apex as possible [3].
Authors: Please review the shots carefully and confirm if the shots are accurate and sufficient.

2.5.1. Talent inserting the left ventricular pressure-volume catheter through the 8 French carotid sheath.
2.5.2. Talent advancing the catheter under fluoroscopic guidance to and through the aortic valve during systole.
2.5.3. Talent positioning the tip of the LV PV catheter near the left ventricular apex.

2.6. Follow the manufacturer protocol to choose the relevant number of recording volume segments [1]. Optimize LV PV catheter positioning based on the recorded phase and magnitude signals [2]. Insert the inferior vena cava balloon through the 12 French femoral vein sheath [3]. Advance the balloon to the diaphragm level under fluoroscopic guidance [4].

2.6.1. SCREEN: Show the catheter recording interface while selecting the relevant number of recording volume segments according to the manufacturer protocol.

Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21396103

2.6.2. Talent optimizing positioning based on the recorded phase and magnitude signals. Authors: Please confirm that this positioning is done manually.
2.6.3. Talent inserting the inferior vena cava balloon through the 12 Fr femoral vein sheath.
2.6.4. Talent advancing the balloon to the diaphragm level under fluoroscopy.

3. Baseline Calibration, V0 Determination, and ESPVR Analysis

Demonstrator: Click here to enter name of demonstrator(s)

3.1. At healthy baseline after instrumentation, calibrate all equipment according to the manufacturer’s instructions [1]. Perform pressure calibration before in vivo insertion of the LV PV catheter [2]. Ensure stable sinus rhythm [3]. Use stroke volume derived from the pulmonary artery catheter for volume calibration [4]. Perform a transient end-expiratory breath hold for 10 to 15 cardiac cycles to obtain baseline values [5].

3.1.1. Shot of the talent calibrating all equipment at baseline.
3.1.2. Talent performing pressure calibration before in vivo insertion of the left ventricular pressure-volume catheter.
3.1.3. Shot of stable sinus rhythm on the monitoring display.
3.1.4. Talent using stroke volume derived from the pulmonary artery catheter for volume calibration.
3.1.5. Talent performing a transient end-expiratory breath hold while baseline values are recorded.

3.2. To determine volume-axis intercept or V0 (V-zero), perform another end-expiratory breath, hold and wait a few heartbeats [1] Slowly inflate the inferior vena cava balloon until the left ventricular pressure is below 50 millimeters of mercury [2]. Deflate the balloon quickly and resume ventilation [3].
Authors: Please verify the pronunciation in [1].

3.2.1. Talent performing an end-expiratory breath, holding and waiting for a few heartbeats.
3.2.2. Talent slowly inflating the inferior vena cava balloon until the left ventricular pressure is below 50 mm of mercury. 
3.2.3. Talent quickly deflating the balloon and resuming ventilation.

3.3. Allow the animal to recover after each inferior vena cava occlusion and breath hold [1]. After recovery, perform 2 additional rounds of inferior vena cava occlusion [2]. Ensure stable sinus rhythm [3].

3.3.1. Talent allowing recovery after the inferior vena cava occlusion and breath hold.
3.3.2. Representative shot of the talent repeating the inferior vena cava occlusion procedure and 
3.3.3. Talent confirming stable sinus rhythm.

3.4. In LabChart 8 Pro, open the built-in pressure-volume loop module [1]. In Analyze, select Occlusion, manually select sequential loops during preload reduction, exclude ectopic beats and adjacent cycles, and apply a linear or quadratic fit from the dropdown menu [2].

3.4.1. SCREEN: Open the built-in pressure-volume loop module in LabChart 8 Pro.
3.4.2. SCREEN: In Analyze, select Occlusion, manually select sequential loops during preload reduction, exclude ectopic beats and adjacent cycles, and apply a linear or quadratic fit from the dropdown menu.

3.5. Use the built-in software function to analyze the selected cardiac cycles [1]. Analyze 10 loops during progressive preload reduction [2]. Screen all heartbeats to exclude ectopic beats or artifacts while retaining monotonic, smoothly evolving loops [3]. Fit the end-systolic pressure-volume relationship or ESPVR (E-S-P-V-R) line [4]. Compute V0 as the volume-axis intercept of the fitted curve or line [5].

3.5.1. SCREEN: Show the built-in function analyzing the selected cardiac cycles.
3.5.2. SCREEN: Show 10 loops being screened during progressive preload reduction
3.5.3. SCREEN: Show ectopic beats or artifacts being excluded, and monotonic, smoothly evolving loops being retained.
3.5.4. SCREEN: Show the ESPVR line being fitted in the software.
3.5.5. SCREEN: Show V0 being computed as the X-axis intercept from the fitted ESPVR line.

3.6. Repeat this approach across the 3 independent occlusions and take the mean of the 3 V0 measurements [1]. Calculate end-systolic elastance as the slope between V0 and the precalculated mean end-systolic pressure and volume point [2].
Authors: Please review the shots carefully and confirm if the shots are accurate and sufficient.

3.6.1. SCREEN: Show the V0 measurements from 3 independent occlusions and the mean value being calculated.
3.6.2. SCREEN: Show end-systolic elastance being calculated from V0 and the mean end-systolic pressure and volume point.

4. Induction of Cardiogenic Shock and Pressure–Volume Analysis

       Demonstrator: Click here to enter name of demonstrator(s)

4.1. Place a coronary guide catheter through an arterial sheath in a carotid artery into the ostium of the left coronary artery [1]. Use polyvinyl alcohol particles to induce cardiogenic shock via stepwise intracoronary microembolization of the left main coronary artery [2]. After each injection, allow hemodynamics to stabilize for 2 to 5 minutes [3]. Repeat injections until thermodilution cardiac output or mixed venous oxygen saturation decreases by 30 percent from baseline [4].

4.1.1. Talent placing a 5 to 7 French coronary guide catheter through the arterial sheath into the ostium of the left coronary artery.
4.1.2. Talent using polyvinyl alcohol embolization particles to perform stepwise intracoronary microembolization of the left main coronary artery.
4.1.3. Talent repeating the injections after hemodynamic stabilization until 30% decrease relative to baseline is reached.

4.2. At each timepoint, perform 3 consecutive end-expiratory breath holds for 10 to 20 cardiac cycles [1] while recording pressure-volume loops [2]. Define the mean end-systolic pressure and end-systolic volume for each time point [3].

4.2.1. Talent performing consecutive end-expiratory breath holds 
4.2.2. Talent recording pressure-volume loops after each cycle.
4.2.3. SCREEN: Show the recorded breath-hold periods and the mean end-systolic pressure and end-systolic volume being defined for the time point.

4.3. Use the equation presented [1] to calculate end-systolic elastance for each time point using the fixed V0 and the mean end-systolic pressure and end-systolic volume values from the breath-hold pressure-volume loops [2].
4.3.1. TEXT ON A PLAIN BACKGROUND:
Use  
Ees = ESP / (ESV−V0)   
where:
Ees  = end-systolic elastance 
ESP = end-systolic pressure 
ESV = end-systolic volume 
V0  = volume-axis intercept

4.3.2. SCREEN: Show end-systolic elastance being calculated for each time point from the fixed V0 and the mean end-systolic pressure and end-systolic volume values.



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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Healthy baseline V0 was 8 milliliter [1], and the healthy single-beat estimated end-systolic elastance was 1.38 millimeter of mercury per milliliter [2].

5.1.1. LAB MEDIA: Figure 6A. Video editor: Highlight the label “V0 = 8”
5.1.2. LAB MEDIA: Figure 6A. Video editor: Highlight the label “Ees = 1.38 mmHg/mL” on the healthy loop panel

5.2. Following ischemia, left ventricular end-systolic volume increased [1] while left ventricular end-systolic pressure decreased [2], resulting in a rightward and downward shift of the left ventricular pressure-volume loop compared with healthy [3].

5.2.1. LAB MEDIA: Figure 6B. Video editor: Show that the red loop ends farther to the right than the black loop
5.2.2. LAB MEDIA: Figure 6B. Video editor: Show that the top of the red loop is lower than the top of the black loop
5.2.3. LAB MEDIA: Figure 6B. Video editor: Highlight the full red loop and compare it with the black loop beside it

5.3. Stroke volume and left ventricular ejection fraction were markedly reduced, as reflected by a narrowing of the left ventricular pressure-volume loop [1].

5.3.1. LAB MEDIA: Figure 6B. Video editor: Emphasize that the red loop is narrower than the black loop

5.4. With V0 kept constant [1], end-systolic elastance decreased to 0.87 millimeter of mercury per milliliter following ischemia [2].
5.4.1. LAB MEDIA: Figure 6B. Video editor: Highlight the shared starting point marked “V0 = 8”
5.4.2. LAB MEDIA: Figure 6B. Video editor: Highlight the red label “Ees = 0.87 mmHg/mL”
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