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A.  Will you require JoVE to record video microscopy through a microscope? Yes: Leica MZ6 surgical microscope, for surgery, patch placement, and suturing steps
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1.-2.3., 2.7.-2.12., 3.1-3.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Placement of the patch onto the heart surface without losing it within the chest cavity (steps 4.1 and 4.2). To help keep the patch in place, one of the assistants gently applies pressure to the outside of the chest cavity, stabilizing the heart to minimize movement during the transfer
E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to transfer a therapeutic hydrogel patch to the surface of the heart in an effort to minimize the damage that follows a myocardial infarction. (Intro) 
This is accomplished by first exposing the heart surface by thoracotomy. (P1) 
In the second step, a small suture knot is placed at the left coronary artery to induce a myocardial infarction. (P2) 
Next, the therapeutic hydrogel patch is attached to the surface of the heart with a fibrin glue, (P3) and then the chest cavity is closed. (P4) 
Ultimately, histological analysis and small animal echocardiography are used to evaluate the changes in heart structure and function that occur in the presence and absence of these interventional techniques. (P5)
No graphic submitted

(P1) show supine mouse, then scalpel appears and “opens” chest, exposing mouse heart
(P2) zoom into heart, then have knot of string appear around left coronary artery (e.g., like 52206@00:22), then have area below knot turn black/dark
(P3) have clear/blue oval patch appear and be placed under knot/on infarction area, then have bottle of glue appear and add drop to patch
(P4) zoom back out and close chest, adding x’s for stitching or similar
(P5) Figure 1.pdf: with “histological analysis” please highlight right images; with “echocardiography” please highlight left images
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Larissa Reinkensmeyer: This method can help answer key questions in the stem cell engineering field, such as what cell number and delivery methods are necessary for improving heart function post myocardial infarction?  

1.2. Molly Melhem: Though this method can provide insight into therapies for myocardial infarctions, it can also be applied to other tissue engineering and revascularization systems, such as the hindlimb ischemia model.

Protocol (read by voice talent at JoVE):
2. Surgical procedure
2.1. Begin by placing a healthy anesthetized mouse on the intubation stand [2.1.1.-WIDE-TXT] and directing a light source towards the animal’s chest cavity [2.1.2.-MED]. 
2.1.1. More Talent than mouse in shot (TEXT: Anesthesia: 5% isoflurane)
2.1.2. Talent adjusting light source
2.2. Next, use forceps to retract the laryngeal surface [2.2.1.-CU] and expose the vocal cords [2.2.2.-CU].
2.2.1. *Film as written
2.2.2. Shot of vocal cords if possible (Skip shot as necessary)
2.3. Then, carefully guide a 20 gauge angiocath between the vocal cords and smoothly insert it into the trachea [2.3.1.-CU].
2.3.1.  Few seconds angiocath being placed
2.4. Connect the catheter to a small animal ventilator [2.4.1.-MED] and mechanically move the chest cavity one time to confirm proper positioning of the catheter [2.4.2.-CU]. Then place the animal in the supine position on a heating pad to prevent hypothermia [2.4.3.-MED].
2.4.1. *Film as written

2.4.2. Shot of chest cavity being moved one time
2.4.3. More Talent than mouse in shot

2.5. Use a depilatory cream to remove the hair from the surgical site [2.5.1.-CU], followed by 3 alternating sterilizing scrubs with betadine and 75% ethanol [2.5.2.-CU].
2.5.1. Few seconds hair being removed, with cream container label visible in frame if possible 
2.5.2. Few seconds one scrub being performed, with betadine and ethanol container labels visible in frame if possible

2.6. Place vet ointment on the animal’s eyes to prevent dryness during the procedure [2.6.2.-ECU] and then drape the surgical site [2.6.1.-CU].
Switch order of shots
2.6.1. *Film as written

2.6.2. Ointment being placed on at least one eye
2.7. Now begin the surgical procedure by making a skin incision approximately 1 cm to the left and running the entire length of the sternum [2.7.1.-CU].
2.7.1. Few seconds incision being made
2.8. Locate the delineating line that represents the pectoralis major [2.8.1.-SCOPE] and use forceps to lift the muscle slightly to separate it from the underlying external oblique muscle, retracting the muscle medially [2.8.2.-SCOPE].
2.8.1. Shot of pectoralis muscle/line (Video Editor: If necessary/appropriate, indicate line when mentioned) Scope ends at 1:15
2.8.2. *Film as written Scope ends at 4:10
2.9. Free the external oblique muscle from the underlying ribcage in the same manner, but with a lateral retraction [2.9.2.-SCOPE], to provide an unobscured view of the second, third, and fourth ribs [2.9.3.-SCOPE].
2.9.1. *Film as written Scope ends at 5:49
2.9.2. Shot of second/third/fourth ribs Scope ends at 6:20
2.10. Gently lift the fourth rib [2.10.1.-SCOPE] and use a cauterizer to open the chest cavity between the third and fourth ribs [2.10.2.-SCOPE].
2.10.1. Combine 2.10.1. and 2.10.2. as appropriate Scope ends at 6:36
2.10.2.  Combine 2.10.1. and 2.10.2. as appropriate Scope ends at 7:27
2.11. Then place retractors to further open the cavity [2.11.1.-SCOPE], exposing the heart [2.11.2.-SCOPE].

2.11.1. Few seconds at least one retractor being placed Scope ends at 8:14
2.11.2. Shot of exposed heart Scope ends at 8:43
2.12. Using forceps, rupture the pericardium [2.12.1.-SCOPE]. Then ligate the left coronary artery with an 8-0 monofilament nylon suture approximately 4 mm from the apex of the heart directly below the bottom tip of the left atrium [2.12.2.-SCOPE].
2.12.1.  *Film as written Scope ends at 9:17
2.12.2. Few seconds suture being placed Scope ends at 11:20
2.13. If the suture is properly placed, a blanching of the ventricular myocardium [2.13.1.-SCOPE] and an increase in the size of the left atrium will be observed [2.13.2.-SCOPE].
2.13.1. Shot of blanched/blanching myocardium (Combine 2.13.1. and 2.13.2. as appropriate) Scope ends at 11:50
2.13.2. Shot of increased atrium size (Combine 2.13.1. and 2.13.2. as appropriate) Scope ends at 12:15
3. Patch placement, glue and suturing
3.1. To place the patch, use a flat-ended spatula [3.1.1.-WIDE-TXT] to gently position the hydrogel on the surface of the heart at the site of the infarction [3.1.2.-SCOPE].
3.1.1. Talent at microscope, placing patch, with spatula visible for part of shot if possible (TEXT: Keep patch @ 37°C 5% CO2 until use)

3.1.2. Few seconds patch being placed Scope ends between 16:00 - 17:00
3.2. Using the spatula, lightly hold the patch in place [3.2.1.-SCOPE] while an assistant quickly mixes the glue for about a minute [3.2.2.-MED-TXT].

3.2.1. Shot of patch being held in place

3.2.2. Few seconds Talent2 mixing glue (TEXT: 4:1 fibrinogen to thrombin ratio) Take 2 best
3.3. When the glue reaches the desired viscosity [3.3.1.-CU], quickly transfer approximately 10 microliters to the patch surface [3.3.2.-SCOPE] and remove the spatula [3.3.3.-SCOPE].

3.3.1. If possible, shot of glue showing appropriate viscosity (Skip shot as necessary)

3.3.2. Glue being placed (Combine 3.3.2. and 3.3.3. as appropriate) Scope ends at 17:30
3.3.3. *Film as written (Combine 3.3.2. and 3.3.3. as appropriate) Scope ends at 18:06
3.4. Then use 3-4 individual interrupted 6-0 monofilament nylon sutures to close the rib layer [3.4.1.-SCOPE].

3.4.1. Few seconds at least one suture being placed Scope ends at 19:04
3.5. Before closing the intercostal layer, insert a PE-10 cannula into the incision [3.5.1.-SCOPE]. Then close the pectoral muscles with three to four individual interrupted sutures [3.5.2.-SCOPE].
3.5.1. Few seconds cannula being placed Scope ends at 21:13
3.5.2. Few seconds at least one suture being placed Scope ends at 22:44
3.6. Seal the skin layer with a continuous suture [3.6.1.-SCOPE/CU] and attach a 1 ml syringe to the end of the cannula [3.6.2.-CU].

3.6.1. Few seconds suture being placed Scope ends at 28:06
3.6.2. *Film as written Take 2 includes to 3.7.2
3.7. Finally, evacuate the chest cavity [3.7.1.-CU] and apply a tissue adhesive to the incision site to reinforce the sutures [3.7.2.-CU].
3.7.1. Few seconds chest cavity being evacuated

3.7.2. *Film as written
3.8. Administer post-surgery analgesia within 6-8 hrs of closure [3.8.1.-CU], monitoring the animal until it has fully recovered [3.8.2.-CU-TXT]. 

3.8.1. At least one sc shot being given

3.8.2. Few seconds fully recovered animal walking around in cage (TEXT: See text for analgesia/monitoring details)

4. Results: Fibrin glue does not harm encapsulated tissues
4.1. M-mode echocardiography measurements taken as early as 2 days post-infarction exhibit a cessation of the left wall movement, indicative of the muscle reconstruction [4.1.1.-LM]. Qualitative calculations made from the data demonstrate a decrease in the ejection fraction and stroke volume in the infarcted hearts [4.1.2.-LM]. 
4.1.1. Figure 1 a and b TIFF.tiff: please indicate blue waves/dotted green and red lines in bottom image

4.1.2. Figure 1 a and b TIFF.tiff: please indicate text in white box of bottom image

4.2. Histological analysis of healthy [4.2.1.-LM] and infarcted [4.2.2.-LM] hearts demonstrates the dilation of the left ventricle [4.2.3.-LM] and thinning of the left ventricular wall observed in the infarcted myocardium, both signs of tissue remodeling and scar tissue deposition [4.2.4.-LM]. 
4.2.1. Figure 1 c and d TIFF.tiff: please indicate top image

4.2.2. Figure 1 c and d TIFF.tiff: please indicate bottom image
4.2.3. Figure 1 c and d TIFF.tiff: please indicate/outline opening in center of image

4.2.4. Figure 1 c and d TIFF.tiff: please indicate/outline thinned wall in top right of bottom image
4.3. Application of the patch is therefore a useful therapeutic approach for treating the infarction, as the fibrin glue does not harm the myocardium. Indeed, no tissue remodeling or ventricular thinning is observed at the site [4.3.1.-LM] and the cardiomyocytes remain intact despite the addition of both the cardiac patch and the accompanying glue [4.3.2.-LM]. 
4.3.1. Authors: please provide figure 2b as its own .ai, .tif, or .psd file: pleas add/indicate top black arrow
4.3.2. Figure 2b: please add/indicate bottom black arrow
4.4. Additionally, viability testing confirms that the administration of the glue to the external surface of the cell-encapsulating hydrogel patch does not affect cell survival within the patch [4.4.1.-LM].

4.4.1. Figure 3.pdf: please add/highlight glue data bar

5. Conclusion (said by authors on camera)
5.1. Larissa Reinkensmeyer: Once mastered, this technique can be completed in 30-40 min if it is performed properly.

5.2. Molly Mehem: While attempting this procedure, it’s important to time the delivery of the fibrin glue to ensure the proper adhesion of the patch to the heart surface.

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.  

Figure 1 a and b TIFF.tiff

Figure 1 c and d TIFF.tiff

Authors: please provide figure 2b
Figure 3.pdf
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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