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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?  Yes  - fluoroscopy which can take images and short movies which should be used in the video. Also the use of ultrasound; we are working on a way to record and export the screen, alternatively, the photographer must film the ultrasound screen. Lastly, images of the pressures recorded on the ventilator monitor must be filmed by the photographer, as it cannot be recorded.
If Yes, can you record movies/images using your own microscope camera?
Yes – the C-arm can record, save and export

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes – not a step-by-step but few examples of screen recordings should be used in the video. The laptop has screen recording software, so we can record it on the day of video filming
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  22
Number of Shots:  41

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Mads Dam Lyhne: This closed-chest approach to obtain biventricular pressure-volume loop recordings enables state-of-the-art hemodynamic evaluation in an in vivo porcine model.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 7.1.1.

1.2. Jacob Gammelgaard Schultz: The main advantage of this minimally invasive method is that it allows thorough and load-independent evaluation of the cardiovascular system, while maintaining near-intact thoracic physiology.	Comment by Anders Kramer: Changed to Anders Kramer
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.1.1.

OPTIONAL:

1.3. Jens Erik Nielsen-Kudsk: This method of bi-ventricular evaluation is applicable to practically all cardiovascular models as the two cardiac ventricles exert interdependence. Even pharmacological interventions may affect the two ventricles and their loading conditions differently.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics Title Card
1.4. This protocol was developed and utilized for studies conducted in compliance with the Danish and Institutional guidelines on animal welfare and ethics. Procedures involving animal subjects have been approved by the Danish Animal Research Inspectorate. 
1.5. 

Protocol

2. Intravascular Accesses
2.1. After anesthetization [1-TXT], use a 17-gauge sterile venous catheter to puncture the skin [2]. Guide the needle to intravascular positioning with the help of the ultrasound [3].
2.1.1. WIDE: Establishing shot of the talent with the animal. TEXT: Propofol 3 mg/kg/h and Fentanyl 6.25 g/kg/h	Comment by Mads Dam Lyhne: Microgram or g
2.1.2. Talent puncturing the skin with the catheter.
2.1.3. Talent guiding the needle using ultrasound. Videographer: Film the monitor. SCREEN (ultrasound): To be provided by authors. Talent guiding the needle using ultrasound.	Comment by Jacob Valentin Hansen: Changed from shot of the monitor to recording exported from the ultrasound device.

2.2. Use the Seldinger technique to replace the needle with a guidewire [1]. To ease the insertion of the sheath, make a small skin incision adherent to the guidewire [2-TXT].
2.2.1. Talent replacing the needle with the guidewire.
2.2.2. Talent making the small incision. TEXT:  Approximately 5 mm	Comment by Anders Kramer: Should be moved to between shot 2.3.1 and 2.3.2

2.3. Remove the venous catheter and leave only the guidewire in the intravascular lumen [1]. Then, place an 8 French sheath over the guidewire and into the vessel of choice using the Seldinger technique [2].	Comment by Anders Kramer: Could be changed to ”the appropriate sheath” or “an appropriately sized sheath”
2.3.1. Talent removing the venous catheter.	Comment by Mads Dam Lyhne: The venous catheter is removed prior to the small incision, i.e. correct order will be 2.2.1, 2.3.1, 2.2.2, 2.3.2 which is evident in the filming, too
2.3.2. Talent placing the 8 French sheath into the vessel. 	Comment by Anders Kramer: In the video this is a 12 F sheath in the left femoral vein. 

3. Right Heart Catherization
3.1. Insert the Swan Ganz catheter in the right jugular vein through the 8 French sheath [1]. Use fluoroscopy to observe when the distal part of the Swan Ganz catheter is out of the sheath [2].
3.1.1. Talent inserting the Swan Ganz catheter into the right jugular vein.
3.1.2. SCREEN (Fluoroscopy): To be provided by authors. Talent checking if the Swan Ganz catheter is out of the sheath by resistance-free inflation of the balloon.	Comment by Jacob Valentin Hansen: Added to the end of the shot.


3.2. Slowly advance the Swan Ganz catheter [1]. Observe the changes in the pressure signal [2] from the distal port as it enters the right ventricle and shortly after the distal port passes through the pulmonary artery [3].

3.2.1. Talent advancing the catheter and monitoring the fluoroscope.
3.2.2. SCREEN (Fluoroscopy): To be provided by authors. Distal port entering the right ventricle and further advanced to the pulmonary artery.	Comment by Jacob Valentin Hansen: Added.
3.2.3. SCREEN (Pressure Monitor): Changes in the pressure signal. Videographer: Film the Pressure Monitor. Video Editor: Can show 3.2.2 and 3.2.3 as split screen.	Comment by Mads Dam Lyhne: Suggested. Timing in the split recordings as follows: after 18 sec of 3.2.2 should be simultaneous with the changes in the yellow curve of 3.2.3 changing from relatively flat to more ups/downs.


3.3. Deflate the balloon [1] and ensure that the distal pressure port [2] is still in the main pulmonary artery using fluoroscopy and the pressure signal [3]. 

3.3.1. Talent deflating the balloon.
3.3.2. Talent monitoring the position of the distal pressure port in the main pulmonary artery. Video Editor: Can show this and next shot as split screen.
3.3.3. SCREEN (Fluoroscopy): To be provided by authors. Distal pressure port in the main pulmonary artery.
[bookmark: _gjdgxs]
4. Right Ventricular Pressure-Volume Catheter Insertion

4.1. Insert a long guidewire through the 7 French sheath in the left jugular vein [1]. Then, advance the guidewire through the upper central veins, the right atrium, and the inferior vena cava, monitoring the movements using fluoroscopy [2].

4.1.1. Talent inserting the guidewire into the left jugular vein.
4.1.2. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the guidewire.

4.2. Leaving the guidewire in the venous circulation, extract the 7 French sheath [1] and compress the entry point to avoid bleeding [2]. Then, use the Seldinger technique to exchange the 7 French sheath for the 16 French sheath [3].

4.2.1. Talent extracting the 7 French sheath.	Comment by Anders Kramer: These shots have been recorded as a single video (4.2.1), as the maneuver is performed in a single motion
4.2.2. Talent compressing the entry point.
4.2.3. Talent exchanging the 7 French sheath for the 16 French sheath.

4.3. Advance the 16 French sheath over the guidewire until the tip of the sheath has reached the level of the superior vena cava [1]. Insert the pressure-volume catheter in the 16 French sheath [2]. Then, advance it into the right atrium [3]. Videographer: This step is important!

4.3.1. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the 16 French sheath until it reaches the level of the superior vena cava. 
4.3.2. Talent inserting the pressure-volume catheter.
4.3.3. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the catheter into the right atrium.

4.4. Point the external end of the 16 French sheath downwards and medially, which will point the internal end of the sheath anteriorly [1]. Advance the pressure-volume catheter from the right atrium into the more anteriorly positioned right ventricle [2]. Videographer: This step is important!

4.4.1. Talent pointing the external end of the 16 French sheath downwards and medially.  
4.4.2. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the catheter from the right atrium into the right ventricle.	Comment by Mads Dam Lyhne: Comment: I do three unsuccessful attempts to enter the right ventricle and make it by the forth attempt. I.e. the last 20 seconds of 4.4.2 are the “right ones” by you can show more if the time is needed

4.5. Verify this by the change in pressure signal from the pressure-volume catheter to a classic ventricular shape [1] and by the tactile resistance as the pressure-volume catheter meets the right ventricular apex [2]. 

4.5.1. SCREEN (Pressure Monitor): Talent verifying the change in the pressure signal. Videographer: Film the Pressure Monitor, Video Editor: Can show this shot and 4.4.2 as a split screen	Comment by Anders Kramer: Screen (Laptop): To be provided by authors. 	Comment by Mads Dam Lyhne: Timing: the catheter enters the right ventricle after 57 sec of 4.4.2 which should be simultaneous with the change in the dark blue curve (5th from the top) of 4.5.1 going from relatively flat to ups/downs (after 1:05 of 4.5.1).
4.5.2. SCREEN (Fluoroscopy): To be provided by authors. Talent verifying the change in tactile resistance.

4.6. Finally, to avoid any hemodynamic or electrical influence of the device located close to the heart, retract the 16 French sheath outside the thoracic cavity once the catheter is in the right ventricle [1].

4.6.1. SCREEN (Fluoroscopy): To be provided by authors. Talent retracting the 16 French sheath out of the thoracic cavity.

5.  Left Ventricular Pressure-Volume Catheter Insertion

5.1. Insert the pressure-volume catheter in the 8 French sheath into the left carotid artery [1].
5.1.1. Talent inserting the catheter into the left carotid artery.

5.2. Advance the pressure-volume catheter through the 8 French sheath towards the aortic valves guided by fluoroscopy [1].

5.2.1. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the catheter towards the aortic valves.

5.3. To advance the pressure-volume catheter through the open aortic valves, synchronize the quick advancement of the pressure-volume catheter [1] to a systolic phase of the cardiac cycle [2]. Verify the success by observing a change in the pressure signal from the PV catheter to a classic ventricular shape [3]. Videographer: This step is important!

5.3.1. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the catheter through the open aortic valves. Video Editor: Can show this and next shot as split screen.	Comment by Mads Dam Lyhne: Comment: I do a few unsuccessful attempts. The passage through the aortic valves occur at 26 sec of 5.3.1. You can choose to show a number of the prior attempts if that fits the video. 	Comment by Mads Dam Lyhne: Timing: The passage at 26 sec of 5.3.1 should happen simultaneous with the change in the top red curve; at 36 sec of 5.3.2
5.3.2. [bookmark: _GoBack]SCREEN (Pressure Monitor): Pressure changes Videographer: Film the Pressure Monitor	Comment by Mads Dam Lyhne: Changed: To be provided by authors.
5.3.3. Talent monitoring a change in the pressure signal from the catheter.


6. Inferior Vena Cava Balloon Insertion and Pressure-Volume Catheter Calibration

6.1. Advance the guidewire from the femoral vein to the inferior vena cava at the diaphragm level [1].

6.1.1. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the guidewire to the inferior vena cava.

6.2. Then, insert the balloon over the guidewire [1], advancing it to the diaphragm level at the end-expiration [2]. Check that the optimal phase and magnitude signals are received from both ventricles [3].	Comment by Anders Kramer: Should appear as an initial part of 6.3. 

6.2.1. Talent inserting the balloon over the guidewire.
6.2.2. SCREEN (Fluoroscopy): To be provided by authors. Talent advancing the balloon to the diaphragm level.	Comment by Mads Dam Lyhne: Comment: mostly the second half that is of interest. You can decide what length that fits the video
6.2.3. SCREEN (Laptop): To be provided by authors. Talent checking the phase and magnitude signals. 	Comment by Anders Kramer: Should be moved to be appear before 6.3.1, as mentioned in the above comment regarding 6.2 (3)	Comment by Mads Dam Lyhne: Use the last 10-20 sec or which length fits the video

6.3. Ensure both ventricular pressure-volume loops have the proper shape, realistic pressures, and volumes [1].

6.3.1. SCREEN (Laptop): To be provided by authors. Talent ensuring proper shapes, realistic pressures, and volumes of the pressure-volume loops. 
6.3.2. Talent at the computer.	Comment by Anders Kramer: New shot inserted 

7. Baseline Evaluation

7.1. Record pressure-volume loops over 30 to 60 seconds of continuous ventilation and use the average value of all respiratory cycles to perform analysis [1]. 

7.1.1. SCREEN (Laptop): To be provided by authors. Talent recording the pressure-volume loops.	Comment by Mads Dam Lyhne: Comment: use first 30 sec (or less as fits the video) 

7.2. For load-independent pressure-volume variables, do a breath-hold [1]. Wait for a few heartbeats and then slowly inflate [2] the Inferior vena cava balloon with the chosen liquid [3]. Videographer: This step is important!

7.2.1. Talent performing a breath-hold.
7.2.2. Talent inflating the Inferior vena cava balloon. Video Editor: Can show this and next shot as split screen.	Comment by Mads Dam Lyhne: Can be split with 7.3.1
7.2.3. SCREEN (Fluoroscopy): To be provided by authors. Inferior vena cava balloon inflated.	Comment by Anders Kramer: Removed, not recorded. No visual change on fluoroscopy.

7.3. Observe as the right ventricular pressure-volume loops become progressively smaller and shift leftward [1]. Videographer: This step is important!

7.3.1. SCREEN (Laptop): To be provided by authors. Talent monitoring the right ventricular pressure-volume loops.	Comment by Mads Dam Lyhne: Consider removing the first 5 and last 10 sec. After 14 sec of 7.3.1 will correspond to the inflation (use of the syringe) on 7.2.2 (for split screen).

7.4. Keep pressure on the syringe long enough to reduce the left ventricle preload to keep the balloon inflated [1] and observe the progressive decrease in the left ventricular pressure and volume [2]. Videographer: This step is important!

7.4.1. Talent maintaining the balloon in an inflated state.
7.4.2. SCREEN (Laptop): To be provided by authors. Talent monitoring the decrease in pressure and volume.	Comment by Mads Dam Lyhne: After 18 sec of 7.4.2 will correspond to the inflation (use of syringe) on 7.4.1 (if split screen are to be used)







Results

8. Results: Admittance Catheter Based Pressure-Volume Loop Recordings 
8.1. Acceptable pressure-volume loops obtained from the left ventricle should have a classic square shape [1], and those from the right ventricles should have the classic triangular shape [2]. 
8.1.1. LAB MEDIA: Figure 6A.
8.1.2. LAB MEDIA: Figure 6B.

8.2. The pressure-volume catheters need to be adjusted to improve the quality of loops if sub-optimal loops are obtained from the left [1] or the right ventricle [2].
8.2.1. LAB MEDIA: Figure 6C.
8.2.2. LAB MEDIA: Figure 6D.

8.3. It is more difficult to obtain the classic triangular loops from the right ventricle [1], and some static noise due to blood turbulence in the end-diastole is acceptable [2].
8.3.1. LAB MEDIA: Figure 6D.
8.3.2. LAB MEDIA: Figure 6D. Video Editor: Emphasize the lower right corner of the loop.

8.4. The two ventricles are serially connected, causing a timewise shift in preload reduction as the inferior vena cava balloon quickly reduces right ventricular preload [1], but left ventricular preload is not reduced until the right ventricular output has decreased by its lack of preload [2].

8.4.1. LAB MEDIA: Figure 7A. Video Editor: Emphasize RV volume graph.
8.4.2. LAB MEDIA: Figure 7A. Video Editor: Emphasize RV volume graph and LV volume graph.

8.5. A gradual reduction in the preload causes a family of loops with a gradual reduction in volume and pressure to both the left ventricle [1] and the right ventricle [2].

8.5.1. LAB MEDIA: Figure 7B.
8.5.2. LAB MEDIA: Figure 7C.
Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. Anders Kramer: Insertion of the right-sided pressure-volume catheter can be difficult but with practice one can learn it. Importantly, necessary time must be spent to optimize catheter positioning to obtain reliable data.  	Comment by Anders Kramer: Changed to Jacob Valentin Hansen

9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 4.4.2, 4.6.1.

9.2. Christian Schmidt Mortensen: This method can thoroughly evaluate cardiovascular animal models and the effects of interventions. This hemodynamic investigation may be supplemented by imaging and blood samples to mimic clinical work-up.

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