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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.8., 3.6., 3.9., 3.12.-3.14.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.8., 3.6.

E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goals of this surgical procedure are to create a clinically relevant model of chronic cardiac ischemia and to observe the effects of revascularization in this model using the current clinical therapy of coronary artery bypass graft surgery.  (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Laura Hocum Stone: This method can help answer key questions in the field of cardiothoracic surgery about how standard surgical treatments of blood flow restoration alter cardiac function and biology. 
1.2. Rosemary F. Kelly: The advantage of this technique is that it accurately mimics the gradual development of clinical atherosclerotic disease in a large animal model of chronic ischemia without infarction.
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Rose Kelly: Demonstrating the procedure with me will be Matt Rassette, Christin Wright, Tim Nemzick, and Kristina Kiefer. 
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. (Author Comment: This was not filmed – all surgeons were scrubbed in and had faces covered for the entirety of the procedure.)
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Minneapolis VA Medical Center. 
Protocol: (read by voice talent at JoVE)
2. Hibernation Surgery
2.1. To create a model of hibernating myocardium, place a 5-week-old, 8-10-kg, female Yorkshire pig onto its right side [1-WIDE-TXT] and prep and drape the left side of the chest from the spine to the scapula, centering the third rib space in the sterile field [2-MED-TXT].
2.1.1. Few seconds Talent placing pig onto right side (TEXT: Anesthesia: 6.6 mg/kg tiletamine-zolazepam + xylazine cocktail i.m.) [Shots 2.1.1 and 2.1.2 combined]
2.1.2. Few seconds Talent arranging drape (TEXT: See text for full animal preparation details)
2.2. After i.v. cefazolin administration, perform an intercostal nerve block at the 2nd, 3rd and 4th ribs [1-CU-TXT]. (note from Voice Talent: two takes for different pronunciations of “cefazolin”.)
2.2.1. Few seconds at least one injection being made (TEXT: i.e. 0.3 mL 0.5% bupivacaine/injection)
2.3. To expose the heart, use monopolar electrocautery to make a lateral 3rd space thoracotomy incision approximately 10 cm from the cranial aspect of the scapula to the axillary area [1-CU], followed by an electrocautery incision through the skin and underlying musculature [2-CU].
2.3.1. Few seconds lateral 3rd space thoracotomy incision being made [Shots 2.3.1 – 2.13.2 combined]
2.3.2. Few seconds skin and/or musculature incision being made
2.4. To prevent arrhythmia, deliver a 2 mg/kg i.v. lidocaine bolus [1-MED] and carefully insert a finochietto rib retractor at the third intercostal space [2-CU], using gauze to retract the lung [3-ECU].
2.4.1. Few seconds Talent delivering bolus
2.4.2. Few seconds retractor being placed
2.4.3. Few seconds gauze being placed/lung being retracted
2.5. Sharply incise the pericardium [1-CU] and use 2-0 polyglactin stay sutures to retract the pericardium to the side, exposing the heart [2-CU].
2.5.1. Few seconds incision being made/shot of incision
2.5.2. Few seconds sutures being placed/heart being exposed  
2.6. Using a gauze-covered spatula retractor, retract the left atrial appendage [1-ECU] and use iris scissors to open the adventitia over the left anterior descending artery [2-CU].
2.6.1. Few seconds left atrial appendage being retracted
2.6.2. Few seconds adventitia being opened 
2.7. Bluntly dissect an approximately 0.25 cm portion of the artery approximately 1 cm distal to the left anterior artery and the circumflex artery junction [1-ECU].
2.7.1. Few seconds artery being dissected 
2.8. Using a right-angle clamp, encircle the left anterior descending artery [1-CU] and loosely place two 4-0 polyester sutures around the artery [2-ECU-TXT].

2.8.1. Few seconds artery being encircled

2.8.2. Shot of loosely placed sutures (TEXT: Retract using small mosquito clamp)
2.9. Place a plastic C-shaped constrictor onto the left anterior descending artery proximal to the first diagonal without occluding the vessel [1-CU-TXT] and secure the constrictor with the two 4-0 polyester ties encircling the artery [2-ECU].
2.9.1. Few seconds constrictor being placed (TEXT: constrictor internal diameter = 1.5 mm) 
2.9.2. Few seconds suture(s) being tightened/shot of tightened sutures  
2.10. “It is critical that a large enough space is dissected around the left anterior descending artery to allow placement of the constrictor. If there is any bleeding, use gentle compression for hemostasis.” [1-MED-interview style]
2.10.1.  Rosemary F. Kelly, speaking the above interview style (looking just off-camera) (Author Comment: This was filmed following the completion of the surgery)
2.11. Using a 2-0 polyglactin suture in a simple interrupted pattern, loosely close the pericardium [1-CU] and the intercostal muscle layer, performing a breath hold to remove the air from the chest as the intercostal muscle suture is tied [2-CU].
2.11.1.  Few seconds pericardium being closed
2.11.2.  Few seconds breath hold being performed/intercostal muscle suture being placed 
2.12. Carefully monitor the airway pressure manometer on the anesthesia machine to maintain the pressure in the 20-30 cm of water range [1-MED] and release when the breath is complete [2-CU-TXT].

2.12.1.  Few seconds Talent monitoring manometer

2.12.2.  Few seconds breath hold being released (TEXT: Breath hold eliminates need for post-operative chest tube)

2.13. Then use 2-0 and 3-0 absorbable sutures, respectively, to close the muscle and skin layers according to standard protocols [1-CU] and use skin adhesive over the incision for skin closure [2-ECU-TXT].

2.13.1.  Few seconds skin or muscle layer being closed

2.13.2.  Few seconds skin adhesive being applied (TEXT: See text for full post-operative care details)

3. Off Pump Coronary Artery Bypass
3.1. At least 8 weeks after constrictor placement surgery, place the chronically ischemic animal in the dorsal position [1-WIDE] and prepare the pig for surgery as just demonstrated [2-MED].

3.1.1. Few seconds Talent placing pig in dorsal position [Shots 3.1.1 and 3.1.2 combined]
3.1.2. Few seconds Talent placing drape 
3.2. Using monopolar electrocautery, make an approximately 3-cm skin incision over the femoral artery to expose the artery for cannulation [1-CU] and perform a femoral nerve block to allow precise drug placement [2-ECU].
3.2.1. Few seconds incision being made

3.2.2. Few seconds nerve block being administered as a splash block injected 
3.3. Connect the femoral cannula to a transducer to monitor the blood pressure during the surgery [1-MED].
3.3.1. Few seconds Talent connecting cannula to transducer 
3.4. Using electrocautery, make an incision from the manubrium to the xiphoid process to expose the sternum [1-CU] and divide the sternum with an oscillating saw [2-CU-TXT].

3.4.1. Few seconds incision being made

3.4.2. Few seconds sternum being divided (TEXT: Oscillating saw avoids potential myocardial injury from pericardial adhesions)
3.5. Use straight Mayo scissors to divide the posterior sternal plate [1-ECU] and use a chest retractor to expose the thoracic cavity [2-CU].

3.5.1. Few seconds plate being divided

3.5.2. Few seconds retractor being placed

3.6. Remove any adhesions from the thoracotomy by monopolar electrocautery [1-CU] and have an assistant gently elevate the left sternal border [2-CU].

3.6.1. Few seconds adhesions being removed

3.6.2. Few seconds border being elevated

3.7. Using the same retractor, dissect the left internal mammary artery free from the chest wall [1-ECU] and use hemoclips to control the arterial branches [2-CU].
3.7.1. Few seconds artery being dissected

3.7.2. Shot of placed hemoclips/hemoclips being placed (Author Comment: The clips were placed immediately following 3.7.1)
3.8. When fully mobilized, heparinize the animal with 200-300 units/kg of heparin for three minutes [1-MED].
3.8.1. Few seconds Talent delivering heparin

3.9. Next, oversew the distal end of the artery [1-ECU] and proximally place an occluder [2-ECU]. Then use iris scissors to create a 3-mm extension in the proximal end of the artery [3-CU].
3.9.1. Shot of oversewn distal end [Shots 3.9.1, 3.9.2, and 3.9.3 combined]
3.9.2. Shot of occluder
3.9.3. Few seconds extension being made  
3.10. Open and retract the pericardium and confirm that [1-CU] the length of the left internal mammary artery is adequate to reach the appropriate anastomotic site on the left anterior descending artery [2-ECU].
3.10.1.  Few seconds pericardium being retracted
3.10.2.  Shot of left internal mammary artery (Video Editor: please outline/indicate left internal mammary artery when mentioned) (Author Comment: Artery was indicated by surgeon immediately following 3.10.1)
3.11. Using a cardiac stabilizer and spring form clip, open the adventitia to expose the left anterior descending artery [1-CU] and secure the opening with elastic tape [2-ECU].
3.11.1.  Few seconds adventitia being opened [Shots 3.11.1 – 3.14.1 combined]
3.11.2.  Shot of secured opening

3.12. Place an appropriately-sized intraluminal device into the vessel [1-ECU] and release the tapes slightly to avoid ischemia [2-CU].
3.12.1.  Few seconds device being inserted

3.12.2.  Few seconds tape(s) being released

3.13. Use a running 7-0 polypropylene suture to anastamose the left internal mammary artery to the left anterior descending artery [1-CU] and remove the intraluminal shunt [2-ECU].

3.13.1.  Few seconds artery being anastamosed

3.13.2.  Shot of shunt being removed

3.14. After tying the suture, remove the occlude from the left internal mammary artery to establish the flow [1-CU].
3.14.1.  Few seconds occlude being removed 
3.15. “Hemostasis is critical to the performance of the anastomosis. Have one assistant hold the left internal mammary artery and have another use an air blower device to keep the field dry during the anastamosis.” [1-MED-interview style]
3.15.1.  Rosemary F. Kelly, speaking the above interview style (looking just off-camera) (Author Comment: This was filmed following the surgery)
3.16. Once hemostatic, place a chest tube between the ribs on the left lateral chest [1-CU] and use suction to remove air from the chest cavity for 15-30 minutes [2-MED/CU].
3.16.1.  Few seconds tube being placed

3.16.2.  Few seconds Talent using suction/Few seconds suction being applied (Videographer: More Talent than open chest cavity visible in shot; use CU shot instead as necessary)

3.17. Place a suture around the chest tube [1-CU] and close the incision with #5 polyester sutures in a figure eight pattern to approximate the sternum [2-CU].
3.17.1.  Shot of suture around chest tube

3.17.2.  Few seconds incision being closed (Author Comment: This and the following steps were filmed out of order, as they occur simultaneously by multiple surgeons. Representative shots were captured of each closure (sternal, femoral, and chest tube) and marked by the slate.)
3.18. Close the muscle, subcutaneous, and skin layers according to standard protocols [1-CU].
3.18.1.  Few seconds one layer being closed 
3.19. When the wound is closed, remove the chest tube while performing a Valsalva maneuver to remove any residual air from the chest cavity [1-MED] and close the chest tube insertion site with one skin suture and an appropriate dressing [2-CU]. 
3.19.1.  Few seconds Talent removing tube/removing air

3.19.2.  Few seconds suture being placed

3.20. Then remove the femoral catheter [1-CU] and close the catheter incision a with 7-0 prolene u-stitch closure [2-ECU-TXT].
3.20.1.  Few seconds catheter being removed

3.20.2.  Shot of suture/closed incision (TEXT: See text for full post-operative care details)
4. Results: Representative Cardiac Magnetic Resonance Imaging (MRI) and Wall Thickening Measurement
4.1. Following the initial hibernation surgery, stenosis greater than 70% [1-LM] as well as the patent graph should be able to be visualized by cardiac MRI [2-LM].

4.1.1. Figure 1A.psd: please add/indicate arrow
4.1.2. Figure 1B.psd: please add/indicate arrow

4.2. Eight weeks after the surgical application of the left anterior descending constrictor [1-LM], the analysis of regional function by cardiac MRI reveals a reduced function under an increased workload in the left anterior descending artery-restricted animals [2-LM].

4.2.1. Figure 2.psd: no animation

4.2.2. Figure 2.psd: please add asterisks as in original Figure 2

4.3. Following a successful coronary artery bypass surgery [1-LM], the animals may demonstrate incremental improvements in their regional cardiac function both at rest [2-LM] and under inotropic stimulation [3-LM], although these improvements do not restore function back to normal levels [4-LM].

4.3.1. Figure 3.tiff: no animation
4.3.2. Figure 3.tiff: please indicate left/baseline blue LAD data point
4.3.3. Figure 3.tiff: please indicate right/Dobutamine blue LAD data point
4.3.4. Figure 3.tiff: please trace/indicate red Remote data line 
4.4. A successful bypass surgery will also eliminate the mortality risk associated with hibernating myocardium [1-LM].

4.4.1. Figure 4.tiff: please add/trace/indicate dotted data line
5. Conclusion (said by authors on camera):
5.1. Laura Hocum Stone: Once mastered, the initial hibernation surgery can be completed in 1.5 hours and the revascularization procedure can be completed in 3 hours if each technique is performed properly.

5.2. Rose Kelly: While attempting this procedure, it’s important to remember to maintain a proper sterile technique and anesthetic depth, as well as to administer lidocaine before entering the pleural cavity to prevent arrhythmias and to administer heparin to prevent clotting. 
5.3. Laura Hocum Stone: Following this procedure, this animal model of cardiac disease can be used to answer questions about disease etiology and to test novel therapies for chronic cardiac ischemia. 
5.4. Rosemary F. Kelly: Generally, individuals new to this method will struggle, because it is a highly technical vascular surgery. Surgical skills and loupes for magnification are important for success.

5.5. Laura Hocum Stone: After watching this video, you should have a good understanding of how to create a large animal model of chronic cardiac ischemia without infarction that is amenable to revascularization surgery.
5.6. Rose Kelly: Visual demonstration of this method is critical, as the surgical techniques are complex due to the small size of the vessels. The dissection steps must be precisely completed to reduce the risk of bleeding and ventricular fibrillation.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure 1A.psd

Figure 1B.psd

Figure 2.psd

Figure 3.tiff

Figure 4.tiff
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 in the email accompanying the finalized script.
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