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A.  If your protocol involves working under a microscope, for example, a complex dissection or microinjection, does your microscope have an attached (or attachable) camera (Y/N) _n.a.______  or should JoVE send a scope camera so that filming can be done through the microscope (Y/N) ___n.a.____?
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______2.1; 2,3; 3.3; 5.2; 5.3; 6.4____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _______The occurrence of ventricular fibrillation because of ischemia. We ensure success to have the right (pre)medication, by trying to avoid mechanical irritation (i.e. fix the catheter so that the balloon inside the coronary artery on the far end of the catheter is not moving) and have everything in place (i.e. defibrillator, gel to convert to external defibrillation, etc) just in case.______________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to assess the efficacy of new therapeutic strategies for ischemic heart disease in a pig model with left anterior descending artery occlusion. (Intro)

As a first step, the internal carotid artery is canulated for arterial access. (P1: Canula in carotid artery.JPG)

Then a catheter is advanced through the aorta and placed at the ostium of the left main coronary artery, which allows a smaller guidewire to be positioned in the left anterior descending, or LAD, (pronounced L - A - D) artery. (P2: Catheter in ostium.jpg)  

Next, the guidewire is used to guide an intracoronary balloon catheter into the LAD, and the balloon is inflated for 90 minutes, blocking all blood flow after the second diagonal branch (P3: Start with balloon in situ deflated_1.jpg. At “balloon catheter,” show balloon in situ deflated_2.jpg. At “the balloon is inflated,” switch to balloon inflated arrows.jpg.)

The results show that the cardiac systolic function has declined, that there is subsequent adverse remodeling of the left ventricle, and that there is substantial scar tissue from the infarct. (P4: Figure 3)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: These introductory statements are meant to be brief, both so that you have less difficulty saying them smoothly on camera and also so as to get to the main part of the video a little sooner. Therefore I have edited your statements so that they are a little shorter. Also, the proposed sentence by Sanne Jansen of Lorkeers was a repeat of the schematic narrative (which will have already been said in the video), so I moved a sentence originally written for Dr. Chamuleau to his section. Please feel free to tweak the sentences so that you look and feel comfortable saying them, but please try not to add to their length.
1.1. Author name Pieter Doevendans: At the department of Cardiology at the UMC Utrecht, we strive to bring together different disciplines and industrial partners to create innovative therapies that can make a difference in the way we can treat our patients. 
1.2. Author name Stefan Koudstaal:  Our reproducible large animal model of myocardial infarction enables us to validate novel experimental therapies such as cardiac stem cell therapy, and to test its safety and efficacy in pigs that closely mimic the human heart in terms of size and hemodynamics. 
1.3. Author name Steven Chamuleau: This method can help answer key questions in the cardioregenerative research field such as determining which upcoming and promising drugs and therapies are effective in a large animal model, bridging the gap between basic research and clinical patient care. 
1.4. Author name Sanne Jansen of Lorkeers: Translational medicine is crucial to fully exploit the discovery of new mechanistic insights and bring promising new treatments one step closer to be tested in clinical trials. In this video, we demonstrate a method to induce an MI by inflating an intracoronary balloon in the left anterior descending coronary artery after the first diagonal branch. We show several techniques to measure cardiac function and hemodynamics as well a microvascular resistance based on simultaneously measured intracoronary flow and pressure and cardiac magnetic imaging. 


Protocol (read by voice talent at JoVE):
Transthoracic Echocardiography
Following sedation and anesthesia, place the pig on a ventilator, and prepare the animal as described in the text protocol. 
2.1.1. WID: Show as much of the surgical suite as possible, as Talent brings the anesthetized pig to the operating table.
2.1.2. MED: Talent places the pig on a ventilator. (TEXT overlay: See the text protocol for surgical preparation details.)
To obtain a baseline echocardiogram, place the animal in the right lateral position. Orient and obtain a parasternal long axis view in 2D mode, and determine the left ventricular dimensions at end diastole and end systole in M-mode. 
2.1.3. WID: Talents place the pig in the right lateral position. End with a clear shot of the animal’s position.
2.1.4. MED: Talent uses echo probe to obtain a parasternal long axis view in 2D. If possible show a monitor in the background showing the echocardiogram in real-time.
2.1.5. SCREEN (or MED over the shoulder)(Shot not taken): Baseline M-mode echocardiogram, Talent uses cursor to measure the left ventricular dimensions at end diastole and end systole.
Rotate the echo probe 90° clockwise while maintaining its parasternal position to acquire the left ventricular short axis views at the levels of the mitral valve.  Optionally, place the echo probe one or two intercostal spaces lower to obtain the short axis view of the papillary muscle and apex.
2.1.6. MED: Talent rotates the echo probe 90 degrees clockwise while maintaining the parasternal position. Show monitor in background with echocardiogram displayed. (Scene 2.2.3 was written on the slate, take 2 is the best one)
2.1.7. CU: Talent moves the echo probe two intercostal spaces lower (so as to obtain the short axis view of the papillary muscle and apex). 
Surgical Preparation and Vascular Access
After disinfecting the surgical areas with 2% iodine, drape the non-sterile areas with sterile surgical drapes.
2.1.8. WID: Talent disinfects the surgical areas with iodine and drapes the non-sterile areas. (3.1.1.B, take 1 covers the draping of the non-sterile areas)
Begin the surgery with a 15 cm medial incision in the neck. Cut along and beyond the linea alba to minimize muscle damage, and bluntly approach the carotid artery and internal jugular vein next to the trachea.
3.2.1.A: new shot: MED: Talent cannulates a small artery in the hind limb of the pig for continuous registration of hemodynamics (i.e. arterial blood pressure)
2.1.9. MED: Talent uses scalpel to make a 15 cm medial incision in neck
2.1.10. CU: Talent cuts along the linea alba and uses a blunt approach to the carotid artery and internal jugular vein. At the end, Talent uses pointer or forceps to point to the carotid artery, then the internal jugular vein, then the trachea. (Videographer: Please record audio for identification.) (Video Editor: Add labels and arrows as Talent points to the carotid artery, the internal jugular vein, and the trachea. Trachea is not visible during this procedure)
Carefully isolate the carotid artery and internal jugular vein, being careful not to damage the vagal nerve. Place vicryl 2-0 sutures around both vessels to gain vessel control. 
2.1.11. CU: Talent isolates the carotid artery and internal jugular vein. Talent points to the undamaged vagal nerve. (Video Editor: add label and arrow pointing to vagal nerve.)
2.1.12. CU: Talent approaches the carotid and internal jugular and places sutures around them.
3.5 [order switch] Then cannulate the jugular vein with a 9F sheath also using the Seldinger technique. Make sure the vein is ligated before securing the sheath.
3.5.1	CU: Talent cannulates the jugular vein with a 9F sheath using the Seldinger technique. Talent checks that the vein is ligated, then secures the sheath.
Next, cannulate the internal carotid artery with an 8F sheath using the Seldinger technique. Fix the sheath to the artery, making sure that the artery is not fully occluded by the suture. 
2.1.13. CU: Talent cannulates the internal carotid with a 8F sheath using the Seldinger technique, then fixes the sheath to the artery. Then Talent checks to be sure that the artery is not occluded. 
Invasive Pressure Volume Loop Analysis
The next step is to insert a Swann-Ganz catheter via the previously placed sheath into the internal jugular vein. 
2.1.14. WID or MED: Talent at surgical table, picks up the Swann-Ganz catheter.
2.1.15. CU: Talent inserts a Swann-Ganz catheter into the internal jugular vein.
Then connect a cardiac output device to the part of the Swann-Ganz that culminates in the proximal lumen. 
2.1.16. MED: Talent connects a cardiac output device to the part of the SG that culminates in the proximal lumen.
Now, inject 5 mL of 0.9% saline into the proximal lumen of the Swann-Ganz and measure cardiac output. Repeat this two more times and average the indices.
2.1.17. MED: Talent injects 5 ml saline into the proximal lumen of the SG catheter.
2.1.18. SCREEN: Software averages the 3 cardiac output measurements.
Next, calibrate the Pressure-volume loop system by using the previously determined cardiac output.
2.1.19. SCREEN: Talent calibrates the PV system.
Under fluoroscopic guidance, insert the 7F conductance catheter via the carotid artery into the left ventricle. 
2.1.20. MED (take 2): Talent picks up the 7F conductance catheter and begins to insert it into the carotid artery (optional CU shot taken: take 1)
2.1.21. SCREEN: The 7F conductance catheter advances into the left ventricle.
After volume calibration is completed, induce apnea by turning off the respirator and record 10-15 beats under apnea.
2.1.22. [bookmark: _Ref368239982]MED: Talent turns off the respirator
2.1.23. MED over the shoulder: Talent watches monitor showing heart rate, show ~10 beats, then Talent turns back to the respirator.
Then turn the respirator back on and remove the Swann-Ganz. Next, use fluoroscopic guidance to place a balloon catheter in the inferior caval vein at the level of the diaphragm. 
2.1.24. [bookmark: _Ref368240331]MED: Talent turns on the respirator.
2.1.25. CU: Talent removes the Swann-Ganz. 
2.1.26. MED (take 2): Talent picks up a balloon catheter and begins to insert it in the inferior caval vein near the diaphragm. Optional CU shot taken (take 1).
After turning off the respirator again, inflate the balloon and record the corresponding pressure-volume-loops to perform preload reduction. When finished, turn the respirator back on again.
2.1.27. Reuse 4.6.1 (turning off respirator)
2.1.28. SCREEN: Talent inflates the balloon
2.1.29. Reuse 4.7.1 (turn on the respirator)
Intracoronary Pressure and Flow Measurement
For intracoronary measurements, position an 8F-guiding catheter in the ostium of the left coronary artery. Next, place the combined pressure/flow wire in the proximal part of the left coronary artery.
2.1.30. MED (take 2): Talent manipulating 8F-guiding catheter. Optional CU shot taken (take 1).
2.1.31. SCREEN: Talent positions the 8F-guiding catheter in the ostium of the LCA. Optional MED shot was taken of 5.1.2 (take 1)
2.1.32. SCREEN: Talent places the combined pressure/flow wire in the proximal part of the LCA. 
Then advance the wire to the mid part of the LAD. 
2.1.33. SCREEN: Talent places the wire in the mid part of the LAD.
At this point, start measuring baseline pressure and flow. Then, induce hyperemia by administering 60 micrograms of adenosine intracoronary, then flush with 2 mL of saline and commence hyperemic pressure and flow measurements.  
2.1.34. MED over the shoulder: Talent looking at monitor showing the baseline pressure and flow measurements. One shot was taken to cover 5.3.1.; 5.3.2. and 5.4.1
2.1.35. MED: Talent injects 60 µg of adenosine intracoronary, then flushes with 2 ml saline.
Allow the flow to return to baseline values, and repeat the measurement twice. When finished with the measurements, remove the pressure/flow wire from the LAD.
2.1.36. MED over the shoulder: Talent looking at monitor showing the hyperemic pressure and flow measurements.
2.1.37. MED: Talent removes the pressure/flow wire from the LAD.
Induction of Myocardial Infarction 
As a precaution, prior to inducing a myocardial infarction, insert the intracardiac defibrillation catheter in the right ventricle using the venous sheath. Place the distal electrodes in the apex of the right ventricle and the proximal electrodes in the atrium. Then connect the catheter to the defibrillator and set it to 50J.
2.1.38. MED: Talent picks up the intracardiac defibrillation catheter and guides it through the venous sheath.
2.1.39. SCREEN: The intracardiac defibrillation catheter is placed in the right ventricle.
2.1.40. SCREEN: The distal electrodes are placed in the apex of the ventricle.
2.1.41. SCREEN: The proximal electrodes are placed in the atrium and/or the superior caval vein.
2.1.42. MED: Talent connects the catheter to the defibrillator and sets the defibrillator to 50J. Take 2 is the best one
Next, measure the diameter of the LAD distal from the second diagonal, or D2, branch in the AP and LAO 30° view. 
2.1.43. SCREEN: Talent measures the diameter of the LAD distal to D2 in the AP and LAO 30° view.
Choose an angioplasty balloon with a diameter that is the same size or slightly larger than the diameter of the LAD distal from the D2.
2.1.44. CU WID: Talent selects an angioplasty balloon with an appropriate diameter. If possible, indicate the diameter.
Position a guidewire through the guiding catheter distally in the LAD. Advance the balloon catheter over the guidewire, placing the balloon distal from the D2.
2.1.45. MED: Talent positions the guidewire into the guiding catheter.
2.1.46. SCREEN: Talent advances the balloon catheter over the guidewire and places it distal from the D2.
After administering 30 IE/kg heparin, inflate the balloon until the pressure matches the right diameter of the LAD.
2.1.47. [bookmark: _Ref368242269]CU: Talent administers heparin.
2.1.48. MED: Talent inflates the balloon and monitors the pressure on the pressure gauge attached to the catheter.
2.1.49. SCREEN: Talent inflates the balloon until the pressure matches the right diameter of the LAD.
Next, use angiography to check that the LAD is totally occluded.
2.1.50. [bookmark: _Ref368242210]SCREEN: Talent injects a contrast dye to check for total occlusion of the LAD.
Cover the sterile working field and the wound in the neck with sterile drapes. Free the chest from any coverage to make it available for chest compressions or transthoracic defibrillation, if the need should arise.
2.1.51. WID: Talent covers the working field and neck wound with sterile drapes, while freeing the chest from coverage. (TEXT: Wait 90 min)
After 90 minutes, check by angiography to ensure that the LAD is still fully occluded.
2.1.52. Reuse 6.6.1 (or a new SCREEN capture movie of injection of contrast dye to show that occlusion still exists).
Then administer another 30 IE/kg heparin and deflate the balloon. After verifying reperfusion, remove the deflated balloon and the guiding catheter from the carotid sheath.
2.1.53. Reuse 6.5.1 (administer heparin)
2.1.54. SCREEN (or MED): Talent deflates balloon
2.1.55. SCREEN: Inject dye to check for reperfusion.
2.1.56. MED: Talent removes the deflated balloon and guiding catheter from the carotid sheath.
Follow the instructions in the text protocol for post-operative care and MRI imaging and analysis.
2.1.57. MED: Talent begins to sew up surgical site.
3. Results: Infarct Size, Cardiac Remodeling and Cardiac Function 
The 90-minute balloon occlusion of the LAD led to extensive myocardial damage and scar formation, as shown by the white color visualized by TTC staining at the 1 month follow up.
3.1.1. LAB MEDIA: Figure 2A
This schematic of the infarct distribution shows that the infarction is located in the anterior, anteroseptal and inferoseptal segments of the heart. 
3.1.2. LAB MEDIA: Figure 2B (Video Editor: Add this figure to 2A on screen)
In these short and long axis late gadolinium enhanced CMR images, the white signal, indicated by the black arrowheads, show the extensive infarct scar localized in the anterior, anteroseptal and inferoseptal segments of the heart.
3.1.3. LAB MEDIA: Figure 2C and 2D (Video Editor: Start with just 2C. At “long axis,” add 2D)
These CMR cine-loop images at end diastole and end systole show functional impairment of the infarct scar segments. 
3.1.4. LAB MEDIA: Figure 3A (Video Editor: Through “… end diastole,” show the upper and lower left-hand images. At “... and end systole,” add the upper and lower right-hand images.)
Echocardiographic M-Mode images of 2D parasternal long axis show left ventricular dilatation 1 month after myocardial infarction, as indicated by the longer blue line in the lower image. Functional impairment is shown by the absence of septal thickening.
3.1.5. LAB MEDIA: Figure 3B (Video Editor: At “longer blue line,” point to the blue line in the lower image.)
Intracoronary pressure and flow velocity recordings using the Combowire show high response to hyperemia prior to myocardial infarction. 
3.1.6. LAB MEDIA: Figure 4A (Video Editor: Add the black arrowhead in the graph at “high responses to hyperemia.”)
One month after myocardial infarction, the infarct-related artery has a decreased hyperemic response in the coronary flow velocity. As a result, pressure- and flow velocity-derived parameters, and flow velocity reserve, are decreased compared to the baseline. 
3.1.7. LAB MEDIA: Figure 4B (Video Editor: Keep 4A on screen and add 4B. Add the black arrowhead in the lower graph (4B) at “decreased hyperemic response.”  At “flow velocity derived parameters,” highlight the “HMR: x.xx” on both graphs. At “flow velocity reserve,” highlight the “CFR: x.xx” on both graphs.)


4. Conclusion (said by authors on camera)
4.1. Author name Stefan Koudstaal: While attempting this procedure, it’s important to avoid trapping air bubbles inside the catheters and syringes, as they can act as air emboli that could lead to a permanent occlusion if trapped inside one of the coronary arteries. 
4.2. Author name Sanne Jansen of Lorkeers: In our experience, you should wait a minimum of four weeks after the infarction if you would like to study chronic MI and progressive adverse remodeling. 
4.3. Author name Imo Hoefer: This MI protocol paved the way for researchers to explore new interventions and therapeutics in the field of ischemic heart disease in a model that closely mimics the human scenario. The techniques ensure that there is an extensive read-out to measure effect size in various levels such as cardiac function, collagen content in the infarct scar as well as assessing coronary flow and microvascular resistance. 
4.4. Author name Steven Chamuleau: The techniques described here should act as separate building blocks which you can use to tailor your own study design by determining which outcome parameters you wish to include. Also, the time point of treatment delivery can be varied so that you can study the acute phase of the MI, for example cardioprotection against reperfusion injury, or, chronic MI where cardioregenerative strategies can be tested.

       

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.


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, as well as an introduction to your videographer, closer to your filming date.
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