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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?  No  

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
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

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.

Oskar Kjærgaard Hørsdal, Medical Doctor, PhD student [Aarhus University]
Roni Nielsen, Medical Doctor, Associate Professor [Aarhus University]


Current Protocol Length
Number of Steps:  15
Number of Shots:  46

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

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context	Comment by Deepthi Das: Author’s NOTE: Please note that the list of demonstrators present at the filming date will depend on the date. Hence, the full list of demonstrators present will be provided upon confirmation of the date. Oskar Hørsdal and Roni Nilsen (first and last author, respectively) will be present. 

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Oskar Hørsdal: This protocol describes a practical method to assess left ventricular contractility in fragile hemodynamic states. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Oskar Hørsdal: Traditional ESPVR measurement requires repeated IVC occlusions causing instability; this protocol enables serial Ees estimation without repeated preload reduction. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Oskar Hørsdal: This protocol enables serial, load-independent measurement of left ventricular contractility in models with fragile hemodynamic states without repeated destabilizing IVC occlusions. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Roni Nielsen: The key consideration is stable ventricular geometry; this acute-only method becomes unreliable with remodeling, dilation, edema, or major thoracic-pressure changes.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Oskar Hørsdal: This protocol may benefit other acute disease models and intervention studies requiring serial contractility assessment when repeated preload reduction is unsafe.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

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









Testimonial Questions (OPTIONAL):  
 
Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives. 
 
· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials. 
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial.  
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences. 
 
 
What problem in your field of research does your JoVE article address? 

1.6   Oskar Kjærgaard Hørsdal​, Medical Doctor, PhD student [Aarhus University]: (authors will present their testimonial statements live) 

1.6.1    INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How does the video format of your article help you to share your work with the broader scientific community? 

1.7    Roni Nielsen, Medical Doctor, Associate Professor [Aarhus University]: (authors will present their testimonial statements live) 

	1.7.1    INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

 
 


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  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Instrumentation and Catheter Placement for Hemodynamic Monitoring
Demonstrator: Oskar Hørsdal and 1-2 helpers (name depending on study day) 	Comment by Deepthi Das: Authors: Please add the demonstrator name(s) and affiliation(s) in your post-shoot notes.
NOTE to Authors: Please consider the following key points for shots involving live animals/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary reviewers.
• If lifting the animal by the tail, hold it close to the tail base, not far from it.
• Shave 150% of the area surrounding a surgical site (preferably using a depilatory cream). Ensure that there are no skin injuries and no fur in the surgical field.
• Prep the surgical site with both iodine-based scrubs and alcohol.
• Use sterile gloves only for surgery (not examination or non-sterile gloves).
• Make skin incisions with a surgical blade, not scissors.
• Avoid using silk thread for closing skin incisions in survival surgeries.
• Please point out the organs before dissecting.

2.1. To begin, obtain a fully anesthetized pig connected to a ventilator support and fully instrumented for further procedures [1-TXT]. 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 [4].

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. TXT: General anesthesia: 3.5 - 4.5 mg/kg/h Propofol and 12.5 - 15.5 µg/kg/h Fentanyl Videographer: Please obtain CU shot as well for this shot.	Comment by Oskar Kjærgaard Hørsdal: I suggest shots of the ventilator, the anesthesia and basic monitoring as well. 	Comment by Deepthi Das: As per JoVE guidelines, we cannot film the anesthesia procedure. However, I have extended the narration so the videographer can capture the ventilator, anesthetized pig, and monitoring systems properly. I have also added on-screen text listing the anesthesia reagents used.  
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. [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]. 

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]. Perform pressure calibration before in vivo insertion of the LV PV catheter [3].

2.3.1. Talent suturing the sheaths to the skin.
2.3.2. Talent connecting the sheaths to the relevant monitoring systems.
2.3.3. Talent performing pressure calibration before in vivo insertion of the left ventricular pressure-volume catheter.

2.4. 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 under fluoroscopic guidance [2]. Place the tip of the LV PV catheter as close to the left ventricular apex as possible [3].

2.4.1. SCREEN: The left ventricular pressure-volume catheter being inserted through the 8 French carotid sheath.
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	Comment by Deepthi Das: Author's NOTE: 
We can provide the fluoroscopic images as well, as HD screen recordings. I suggest a split-screen shot which demonstrates:
LEFT: Flouroscopic HD screen recording of advancement of the PV catheter through the aortic valve and into the apex of the LV.
RIGHT: Either a) screen recording OR b) camera recording of the PC screen, of the pressure curves during the procedure shown on LEFT.
2.4.2. SCREEN: The catheter advancing under fluoroscopic guidance to and through the aortic valve during systole.
2.4.3. SCREEN: Talent positioning the tip of the LV PV catheter near the left ventricular apex.

2.5. 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].

2.5.1. SCREEN: Show the catheter recording interface while selecting the relevant number of recording volume segments according to the manufacturer protocol.
2.5.2. Talent optimizing positioning based on the recorded phase and magnitude signals. 
2.5.3. Talent inserting the inferior vena cava balloon through the 12 Fr femoral vein sheath.
2.5.4. Talent advancing the balloon to the diaphragm level under fluoroscopy.

3. Baseline Calibration and ESPVR Analysis

Demonstrator: Oskar Hørsdal and 1-2 helpers (name depending on study day)

3.1. At healthy baseline after instrumentation, calibrate all equipment according to the manufacturer’s instructions [1]. 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. Shot of stable sinus rhythm on the monitoring display.
3.1.3. Talent using stroke volume derived from the pulmonary artery catheter for volume calibration.
3.1.4. Talent performing a transient end-expiratory breath hold while baseline values are recorded.

3.2. To determine volume-axis intercept, 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].

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].

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: Oskar Hørsdal and 1-2 demonstrators (name depending on study day)

Authors: During filming, please point out the organs or veins before dissecting them.

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].
	Comment by Deepthi Das: Authors: I have made the edits that you suggested. Please make a note of any deviations from this script / shot in your post shoot notes.
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 injecting a few mililiters of contrast into the left coronary artery (simulating the microemboli).
4.1.3. SCREEN: HD film of the coronary angiogram. 
4.1.4. Shot of the talent repeating injections. Video editor: Please add LAB MEDIA 1 as an inset
Authors: Please upload the screenshot from previous studies demonstrating the gradual decline in LV function labeled as LAB MEDIA 1

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
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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