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A.  Will you require JoVE to record video microscopy? Y, Zeiss OPMI 6-SFC (Please note there is only one set of eye pieces used by the surgeon and there is no additional port for video recording)
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.4, 2.5., 2.7.-2.9.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.5., 2.7. Ensure optimal temperature for coronary artery visualization
E.  Will the filming need to take place in multiple locations? 2 buildings, 5 min apart walking (connected by tunnel) 
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 goal of this surgical procedure is to reproducibly induce myocardial infarction in neonatal mice. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Qingping Feng: This method can help answer key questions in cardiac regeneration, such as what mechanisms support regeneration in neonates and how can adult heart regeneration be promoted after myocardial infarction? 

1.2. Jessica Blom: The main advantage of this technique is that the left anterior descending coronary artery, or LAD, can be visualized to ensure highly reproducible LAD ligation in the neonatal mouse heart.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Xiangru Lu: Changes in cardiac function after LAD ligation can be assessed by echocardiography.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
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 Animal Use Subcommittee at Western University, London, Canada.
Protocol (read by voice talent at JoVE):
2. Surgery
2.1. Before beginning the procedure, place an anesthetized pup in the right lateral decubitus position on ice under the operating microscope [2.1.1.-WIDE-TXT] and confirm the appropriate level of sedation by a lack of response to toe and tail pinch [2.1.2.-ECU].
2.1.1. Few seconds Talent placing pup in position (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: approximately 5% isoflurane   + hypothermia)
2.1.2. Toe and/or tail being pinched

2.2. Then gently disinfect the chest with povidone-iodine [2.2.1.-CU] followed by an ethanol swab [2.2.2.-CU] [2.2.3.-MED].

2.2.1. Few seconds povidone-iodine being applied

2.2.2. Quick shot ethanol being swabbed

2.2.3. Talent placing pup under microscope (Videographer: More Talent than mouse in shot)

2.3. Next, use a pair of forceps to carefully lift the skin between the xyphoid and left axilla [2.3.1.-SCOPE] and make an incision a few millimeters below the left foreleg [2.3.2.-SCOPE].

2.3.1. Skin being lifted with forceps (Videographer: Combine 2.3.1. and 2.3.2. as appropriate)

2.3.2. Few seconds incision being made (Videographer: Combine 2.3.1. and 2.3.2. as appropriate)

2.4. Using scissors, cut through the underlying pectoral muscle layer [2.4.1.-SCOPE]. Then open a pair of forceps along the muscles and ribs in the 4th intercostal space to perform a gentle thoracotomy [2.4.2.-SCOPE].
2.4.1. Few seconds muscles being cut

2.4.2. Few seconds forceps being opened
2.5. Visualize the left anterior descending coronary artery emerging from the left auricle behind the pulmonary vein and descending beyond the great cardiac vein [2.5.1.-SCOPE-TXT].

2.5.1. Shot of open cavity with LAD visible (Videographer: Please trace/indicate LAD when mentioned if possible/appropriate) (TEXT: LAD may emerge beside thymus)
2.6. Jessica Blom “Location of the coronary artery is critical for the reproducibility of the technique. To ensure visualization of the artery, maintain the mouse body temperature between 8-15°C during the procedure.” [2.6.1.-MED-interview style].
2.6.1. Jessica Blom, speaking the above, interview style (looking just off-camera)
2.7. Then use a 0.007 mm diameter needle to pass an 11-0 nylon suture under the artery through the mid ventricle below the left auricle [2.7.1.-SCOPE] and ligate the artery [2.7.2.-SCOPE].  The ischemia is confirmed by the blanching of the myocardium below the suture site [2.7.3.-SCOPE].
2.7.1. Few seconds suture being placed

2.7.2. Shot of ligated artery

2.7.3. Shot of blanched/blanching artery

2.8. Next, use 0.15 mm diameter needles to place two 8-0 nylon rib sutures without tying, to ensure both sutures are placed without injury to internal organs (ie: lungs) [2.8.1.-SCOPE]. 

2.8.1. Few seconds sutures being placed

2.9. Then tie the rib sutures to close the thoracic incision [2.9.1.-SCOPE] and move the mouse onto a sterile surgical towel over a 37°C heating pad [2.9.2.-MED].

2.9.1. Few seconds sutures being placed

2.9.2. Talent placing mouse onto heating pad (Videographer: More Talent than mouse in shot) 
2.10. Close the muscle and skin with more 8-0 nylon sutures [2.10.1.-CU-TXT]. Then use an ethanol swab to gently remove the povidone-iodine and blood [2.11.2.-CU].
2.10.1. Few seconds one suture being placed (TEXT: Muscle layer: 1 suture; skin layer: 2 sutures)
2.10.2. Few seconds chest being swabbed 
2.11. When the animal has fully recovered from the anesthesia, wipe it with bedding from the foster mother’s cage to reduce the chance of maternal rejection and cannibalization [2.11.1.-CU-TXT] and return the pup to the foster mother [2.11.2.-CU-TXT].

2.11.1. Few seconds pup being wiped with bedding (TEXT: Monitor animal until sternal recumbency)
2.11.2. Pup being placed into cage (TEXT: Place recovered pup in middle of litter)

2.12. Observe the behavior of the foster mother toward the pup every 10-15 minutes for 2-3 hours to confirm the acceptance of the pup [2.12.1.-MED-TXT].

2.12.1. Talent looking into cage of mice or similar [TEXT: Euthanize (isoflurane overdose) rejected pups]
2.13. Then wipe the surgical instruments clean with water [2.13.1.-MED], followed by ethanol and bead sterilization [2.13.2.-MED].
2.13.1. Few seconds Talent wiping instrument(s) clean, with water container visible in frame

2.13.2. Talent placing at least one instrument into bead sterilizer, with ethanol container visible in frame

3. Myocardial infarct (MI) and cardiac function measurement
3.1. To measure the myocardial infarct size after 4-6 hours with the foster mother [3.1.1.-WIDE], cut the skin from the xyphoid process to the top of the thorax [3.1.2.-SCOPE-TXT] and open the abdominal wall below the ribcage [3.1.3.-SCOPE].

3.1.1. Few seconds Talent working on pup at dissecting microscope (Videographer: More Talent than mouse in shot) 
3.1.2. Few seconds skin being cut (TEXT: Euthanasia: Isoflurane overdose + decapitation)
3.1.3. Few seconds abdominal wall being opened
3.2. Next, grasp the lower rib cage [3.2.1.-SCOPE] and cut through the ribs and musculature longitudinally along the left mid-axillary line from the diaphragm to the axilla [3.2.2.-SCOPE].
3.2.1. Lower rib cage being grasped (Videographer: Combine 3.2.1. and 3.2.2. as appropriate)
3.2.2. Few seconds ribs/musculature being cut (Videographer: Combine 3.2.1. and 3.2.2. as appropriate)
3.3. Holding the scissors at a transverse angle, carefully cut through diaphragm from the left to the right side [3.3.1.-SCOPE-TXT].

3.3.1. If possible, shot of scissors at transverse angle, then few seconds diaphragm being cut (TEXT: Place scissors below heart to avoid damaging apex)
3.4. Then grasp the rib cage [3.4.1.-SCOPE] and cut the right side of the ribs and musculature along the right mid-axillary line [3.4.2.-SCOPE].
3.4.1. Rib cage being grasped (Videographer: Combine 3.4.1. and 3.4.2. as appropriate)
3.4.2. Few seconds ribs/musculature being cut (Videographer: Combine 3.4.1. and 3.4.2. as appropriate)
3.5. Use the scissors to remove all of the vascular connections to the heart [3.5.1.-SCOPE]. Then grasp the base of the heart and remove it from the chest cavity [3.5.2.-SCOPE].
3.5.1. Few seconds vasculature being removed

3.5.2. Few seconds heart being removed from chest cavity 

3.6. Using a surgical carbon steel razor blade, section the heart along the short-axis at the midpoint between the suture and the cardiac apex [3.6.1.-SCOPE/ECU] followed by a second cut at the suture [3.6.2.-SCOPE/ECU].
3.6.1. Few seconds heart being sectioned  
3.6.2. Few seconds cut being made at suture
3.7. Then place the sections in 1% TTC (Pronounce: T-T-C) at room temperature for 10-15 minutes [3.6.1.-CU-TXT], carefully watching the specimens to avoid over-staining [3.6.2.-LM].
3.7.1. Section(s) being placed into TTC (TEXT: 2,3,5-triphenyltetraolium chloride)

3.7.2. Figure 2.tiff (TEXT: Apex section: 0.75 mm diameter 0.0018 g; mid-base section: 1 mm diameter 0.0065 g; heart base) 
3.8. 24-48 hours after LAD surgery, cardiac function is assessed by echocardiography.  Secure the pup in the supine position on a heated dock with its nose in an anesthesia cone [3.8.1.-MED-TXT] and apply pre-warmed echo gel to the left thoracic area [3.8.2.-CU].
3.8.1. Few seconds Talent placing pup onto dock then attaching nose cone (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 5% isoflurane -> 0.5-1% isoflurane)
3.8.2. Few seconds gel being applied
3.9. Next, obtain a parasternal long-axis view of the left ventricle below the suture with a 40 MHz ultrasound probe [3.9.1.-LM/MED].
3.9.1. Authors: if possible, please provide image of parasternal long-axis view of left ventricle below suture OR Few seconds Talent using probe to image ventricle
3.10. Then turn the probe 90° [3.10.1.-CU] and acquire a parasternal short-axis view, recording the M-mode echocardiographic images [3.10.2.-LM/MED].

3.10.1. Probe being turned 90°

3.10.2. Authors: if possible, please provide image of parasternal short-axis view of left ventricle below suture OR Few seconds Talent using probe to image ventricle
3.11. The end diastolic [3.11.1.-LM] and end systolic left ventricular internal diameters [3.11.2.-LM] can then be measured from the short-axis M-mode images [3.11.3.-LM].
3.11.1.  Authors: please provide Figure 5A as its own .ai, .tif or .psd file without the A label: please indicate smaller arrow in at least one image
3.11.2. Figure 5A: please indicate longer arrow in at least one image

3.11.3. Figure 5A: no animation
4. Results: Representative neonatal left anterior descending coronary artery (LAD) ligation analyses
4.1. Upon histological examination at 3 days post-myocardial infarction, the typical evidence of an infarction, including the infiltration of inflammatory cells, is observed [4.1.1.-LM]. 
4.1.1. Figure 2.tiff: please highlight/outline Day 3 images and add/indicate white arrows
4.2. At day 7, the left ventricular tissue appears normal [4.2.1.-LM] and by day 21, the cardiac tissue has completely regenerated [4.2.1.-LM].
4.2.1. Figure 2.tiff: please highlight/outline Day 7 images 
4.2.2. Figure 2.tiff: please highlight/outline Day 21 images
4.3. In a total of 13 left anterior descending coronary artery ligation surgeries, 100% of the hearts were infarcted [4.3.1.-LM], with an average infarct size of 36% [4.3.2.-LM].
4.3.1. Figure 3B.tiff: please highlight CAL images and/or indicate dark areas of CAL hearts
4.3.2. Figure 3C.tiff: please add/indicate brackets in middle of CAL data point cluster
4.4. To further confirm the infarct induction, echocardiography can be performed 24 and 48 hours after the procedure. In this representative experiment, at 24 hours post-myocardial infarction, the ejection fraction [4.4.1.-LM] and the fractional shortening were significantly reduced [4.4.2.-LM]. 
4.4.1. Authors: If you would like to include this information, please provide the FS and EF graphs from Figure 5 together in one ai., .tif or .psd file without the B label: please add/indicate black data bar and/or bracket and asterisk in EF graph This is not required
4.4.2. Figure 5 EF and FS graphs: please add/indicate black data bar and/or bracket and asterisk in FS graph
4.5. By 48 hours, the ejection fraction [4.5.1.-LM] and the fractional shortening [4.5.2.-LM] were further reduced, compared to the control animals, which demonstrated no reduction at all [4.5.3.-LM]. 
4.5.1. Figure 6B.tiff: please add/indicate black data bar and/or bracket and asterisk in EF graph
4.5.2. Figure 6B.tiff: please add/indicate black data bar and/or bracket and asterisk in FS graph

4.5.3. Figure 6B.tiff: please indicate white data bars in both graphs 

5. Conclusion (said by authors on camera)
5.1. Jessica Blom: Once mastered, this technique can be completed in 10-15 minutes if it is performed properly.

5.2. Jessica Blom: While implementing the myocardial infarction, it’s important to remember to operate quickly and accurately to ensure that the procedure is completed within the time window during which the LAD is visible.
5.3. Jessica Blom: Following this procedure, other methods, like histological analysis, can be performed to answer additional questions about how different treatments affect cardiac regeneration.
5.4. Qingping Feng: The development of this technique paved the way for researchers in the field of cardiac biology to explore cardiac regeneration in mice.
5.5. Qingping Feng: After watching this video, you should have a good understanding of how to reproducibly induce myocardial infarction in neonatal mice by visualizing and ligating the LAD.
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.  

4.1 – Figure 2.tiff – Masson’s trichrome stain
4.2.1 – Figure 3C.tiff – LAD infarct size

4.2.2 – Figure 3B.tiff – TTC staining

4.6.2 – Figure 6B (FS & EF).tiff – FS and EF at 48 hrs

Authors: please submit the requested figures as indicated in text
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 are included in the email accompanying the finalized script.
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