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[bookmark: _GoBack]A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N)YES If yes, please list make and model of your microscope: Omano OM1030-V6 stereo boom dissection microscope and specify the steps by number/short description: 2.4, 3.6, 4.1 to 4.10  
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
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The tying of the ligation to the LAD (steps 4.5 - 4.7) is most successful sufficient care is taken to avoid damage to the artery or the myocardium

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 occlude blood flow into a portion of the heart to produce ischemia-reperfusion injury for simulating a myocardial infarct. (Intro) This is accomplished by first conducting a thoracotomy to expose the left anterior descending artery, or LAD (Pronounce: L-A-D). (P1) In the second step, a suture is tied around the LAD to stop the blood flow. (P2) Then, after an ischemic period, the suture is removed and the artery is reperfused with blood. (P3) In the final step, the surgical incision is closed. (P4) Ultimately, the severity of myocardial infarct can be measured by the analysis of serum biomarker levels and the histology of the heart tissue. (P5)

From 51329_Weisleder_schematix_LAD.pptx
(P1) If possible, show a graphic of a mouse on its back and then have flaps in the chest open to show the slide 1 or slide 2 heart graphic AND/OR zoom into heart and then add arrow and text from slide 2 to indicate the “Left Descending Artery (LAD)”
(P2) from slide 3, with “suture … LAD” please show something like a line going under the LAD where the arrow is in the left graphic and then the line tying into a bow; with “stop the blood flow” please have the area in the dotted space in the heart on the right fade to grey while the heart fades from bright pink of heart on the left to paler salmon pink of heart on the right
(P3) from slide 4, with “suture is removed” please have the suture untie/disappear; with “the artery … blood” please have the heart and grey area pink up more than just before but not to as bright pink as the original graphic
(P4) if possible, zoom back out to the heart being within the chest cavity of the mouse and close the flaps back over the heart OR 4.12.2. skin being closed with suture
(P5) with “serum biomarker levels” please show 51329_Weisleder_Figure2.tif; with “histology of the heart tissue” please show 51329_Weisleder_Figure1.tif

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

1.1. Zhaobin Xu: The main advantage of this technique over existing methods for simulating myocardial infarction is that with our technique it is easier to find the LAD and get the suture in the correct position.   
1.2. Jenna Alloush: Visual demonstration of this method is critical, as the surgical steps are difficult to learn; written descriptions do not convey the complexity of the manipulations.  
1.3.  Eric Beck: Generally, individuals new to this method will struggle, because they will have difficulty finding the LAD or they may not be able to effectively control the bleeding.
1.4. Noah Weisleder: The implications of this technique extend toward the therapy of myocardial infarction, as the use of animal models is essential for testing new cardiovascular therapies.  


Protocol (read by voice talent at JoVE): (Notes to Video Editor; notes to Videographer)
2. Endotracheal intubation
2.1. Begin by taping a length of 2-0 silk suture at least 10 cm long to a surgical platform. Then loop the suture around the front upper incisors of the anesthetized mouse.
2.1.1. WIDE: Talent holds up suture to “eyeball confirm” length, then tapes it to surgical platform
2.1.2. ECU: Suture being looped around incisors (TEXT: nosecone: 5% isoflurane + O2 at 0.4 l/min)
2.2. Pull the mouse taut, and then tape the tail to the platform and the legs to the sides of the animal’s body. 
2.2.1. CU (shot of only tail end of mouse): Tail being pulled taut, then being taped to platform
2.2.2. ECU: One leg being taped to mouse side
2.3. After cleaning the shaved surgical sites with Betadine and alcohol, place the platform with the mouse head pointing toward the end of the bench and cut a 0.5 cm median cervical incision into the skin. 
2.3.1. CU: Last few seconds of one site being cleaned with betadine or alcohol 
2.3.2. MED: Talent turning mouse around (more Talent than mouse in shot)
2.3.3. ECU: Shot of cervical incision being made in skin
2.4. Separate the lobes of the thyroid gland at their isthmus to expose the sternohyoideus muscle where the trachea can be seen under the muscle. 
2.4.1. [slated on Scott’s phone] SCOPE: Few second of lobes being separated, then shot of sternohyoideus muscle (Video Editor: If possible, with “sternohyoideus muscle” please indicate the trachea with an arrow and accompanying “Sternohyoideus Muscle” text; with “where … muscle” please indicate the trachea with an arrow and accompanying “Trachea” text)
2.5. Next, remove the inner needle of an 18 gauge trocar, and then use one hand to move the mouse tongue slightly upwards with a pair of curved forceps. 
2.5.1. MED: Talent removing inner needle from trocar
2.5.2. ECU: Shot of curved forceps moving tongue slightly upwards (shot out of sequence) 
2.6. Find the trachea through the cervical skin incision and then use the other hand to gently insert the trocar intubation tube until it is seen inside the trachea.
2.6.1. MED: Talent being over mouse, looking for trachea
2.6.2. [slated on Scott’s phone] ECU: Few seconds trocar being inserted into trachea with tip pointing up (TEXT: Point tip to avoid esophagus), then if possible, shot of trocar within trachea 
2.7. Now set an animal respirator venting 2% isoflurane in oxygen to a flow rate of 0.4 l/min to provide artificial ventilation for the animal, using a modified Y-shape connector to attach the intubation tube to the ventilator. The correct positioning of the tracheal tube can be confirmed by judging the symmetrical chest expansion.
2.7.1. MED: Talent setting respirator flow rate/turning respirator on/similar action
2.7.2. MED: Talent connecting tube to Y-shape connector
2.7.3. CU: Few seconds sides of mouse rising and falling
2.8. Remove the tape on the tail and turn the mouse gently to place it in a right lateral decubitus position for the subsequent surgery. Then secure the tail and legs to the platform with tape again.
2.8.1. MED: Talent removes tape, then places mouse in right lateral decubitus position (More Talent than mouse in shot)
2.8.2. [combined with 2.8.3] ECU: Shot of tail being taped to platform (Videographer: Combine 2.8.2. and 2.8.3. as appropriate)
2.8.3. ECU: Shot of one leg being taped to platform (Videographer: Combine 2.8.2. and 2.8.3. as appropriate)
3. Thoracotomy
3.1. To perform the thoracotomy, first make an oblique incision approximately 1 cm long and 2 mm away from the left sternal border in the direction of where the left front leg meets the body, approximately 1-2 mm below where the leg and body join. 
3.1.1. WIDE: Few seconds Talent making an incision
3.1.2. ECU: Incision being made then FREEZE FRAME OR Animation Over Action (Shot will be used again) (Video Editor: if possible, please add lines with each measurement as mentioned, i.e., with “1 cm long” please draw a line to indicate the length of the incision; with “2 mm away … border” please make a line indicating the distance between the incision and the left sternal border; with “1-2 mm below … join” a line indicating 1-2 mm below joining of leg and body) 
3.2. The superficial thoracic vein is near this site and the incision should be made so that the lateral end of the incision goes up to, but does not cut into, the vein.
3.2.1. Use 3.1.2. incision (Video Editor: if possible, please add arrow and “Superficial Thoracic Vein” text when mentioned; with “lateral end … vein” maybe stretch an arrow from bottom of incision up to top of incision and maybe have it hit a line at the top of the arrow or other “do not go past here” indicator)
3.3. Cut through the thoracic muscle to expose the ribs underneath, taking care to avoid accidental injury of the vessel. 
3.3.1. ECU: Few seconds thoracic muscles being cut
3.3.2. ECU: Shot of exposed ribs and possibly some blood stopping with at least one cotton applicator (Videographer: get cotton applicator shot if needed/wanted by Authors) (Video Editor: Use cotton applicator shot if there is time but it’s not necessary) (TEXT: Stop bleeding with cotton applicators)
3.4. Then open the chest cavity with a 6-8 mm incision in the third intercostal space, a minimum of 2 mm from the sternal border where the internal thoracic artery is located, taking care not to damage the artery.
3.4.1. ECU: Few seconds chest cavity being opened (Video Editor: if possible, please add lines with each measurement mentioned, i.e., with “6-8 mm incision” please draw a line to indicate the length of the incision; with “2 mm away … border” please make a line indicating that distance between the incision and the left sternal border)
3.5. Next insert homemade chest retractors into the incision and gently pull back to open the incision until it is 8-10 mm wide, taking care to avoid the lung. 
3.5.1. ECU: Few seconds of at least one chest retractor being placed
3.5.2. ECU: Last few seconds of retractors opening chest (Video Editor: if possible, please add lines with each measurement mentioned, i.e., with “8-10 mm wide” please draw a line to indicate the length of the retraction) 
3.6. The heart should now be partly visible beneath the lungs. Use the curved forceps to gently lift the pericardium, pull it apart, and then slide the tissue behind the retractors. 
3.6.1. SCOPE: Shot of heart partly visible beneath lungs (Video Editor: if possible/necessary, please indicate the heart with an arrow and “Heart” text), then forceps enter frame and gently lift and pull apart pericardium, then tissue being slid behind retractors (TEXT: Lung will lift up and away from heart) (Videographer: Split action into separate steps as necessary) (Video Editor: If shot is too long, please clip it into few second intervals for each action)
4. Left anterior descending coronary artery (LAD) ligation and reperfusion
4.1. Now use a dissection scope to locate the left anterior descending coronary artery, or LAD, which runs down the middle of the cardiac wall from near the apex of the heart down through the left ventricle and appears bright red and strongly pulsing on the surface of the heart. 
4.1.1. WIDE: Talent placing mouse under dissection scope
4.1.2. [originally combined with 4.2.1, later shot separately for color distinction] SCOPE: Shot of heart (Video Editor: If possible, with “which runs down the middle” please indicate with an arrow or trace a line/dotted line down the LAD OR outline around LAD; with “near the apex” please indicate the apex with an arrow and “Apex”; with “left ventricle” please indicate left ventricle with arrow and “Left Ventricle” text) 
4.2. This cardiac vein is sometimes mistaken for the LAD, however proper lighting can help distinguish the two vessels. If the lighting is too bright it can be difficult to visualize the color differences between the vessels.
4.2.1. SCOPE: Shot of heart with cardiac vein and LAD colors appearing distinct (Video Editor: with “cardiac vein” please indicate the cardiac vein with arrow and “Cardiac Vein” text), then light becomes too bright and color differences become difficult to distinguish 
4.3. Next place a 1-2 mm cotton fragment between the left atrium and left ventricle to lift the left atrium and to help expose the LAD and clarify its position. Use the pulmonary trunk to identify the left auricle.
4.3.1. SCOPE: Last few seconds cotton fragment being placed between left atrium and left ventricle, then shot of further exposed LAD (Video Editor: if possible, please indicate pulmonary trunk with arrow and “Pulmonary Trunk”; with “left auricle” please indicate left auricle with arrow and “Left Auricle”)
4.4. To hold the heart in place and simplify tying the ligature, gently apply pressure immediately below the intended ligation point, about 2 mm lower than the tip of the left auricle. 
4.4.1. SCOPE: Shot of heart, then pressure being applied 2 mm below tip of left auricle (TEXT: Apply pressure <5s) (Video Editor: if possible, please add line with measurement mention, i.e., with “about 2 mm lower” please draw a line from the tip of the left auricle to the pressure point)
4.5. Then use a tapered needle to pass a 6-0 silk suture underneath the LAD, taking care not to enter the left ventricle chamber or to damage the LAD. 
4.5.1. SCOPE: Needle enters frame then passes suture below LAD
4.6. Make a loose double knot with the suture, leaving a 2-3 mm diameter loop. Then place a 2-3 mm long piece of PE-10 tubing through the loop and tighten the loop around the artery and tubing. 
4.6.1. [combined with 4.7.1 and 4.8.1] SCOPE: Last few seconds of loose double knot being formed, then tubing being placed through loop, then loop being tightened around artery and tubing (Videographer: Split action into separate shots as necessary) (Video Editor: If shot is too long, please clip it into few second intervals for each action)
4.7. Secure the loop by tying one additional slipknot, taking care not to damage the ventricle wall.
4.7.1. SCOPE: Few seconds slipknot being tied 
4.8. Confirm the occlusion of the LAD by checking for the appearance of a paler color in the anterior wall of the left ventricle, which should appear within a few seconds of ligation. Then remove the retractor and pinch the skin together with a bulldog clamp to temporarily close the wound.
4.8.1. SCOPE: Shot of heart while paler color is appearing (Video Editor: with “appearance … ligation” if possible, make a dotted line or other appropriate indicator around paler color area)
4.8.2. [combined with 4.8.3] SCOPE: Few seconds retractor being removed (Videographer: Combine 4.8.2. and 4.8.3. as appropriate)
4.8.3. SCOPE: Few seconds skin being pinched with bulldog clamp (Videographer: Combine 4.8.2. and 4.8.3. as appropriate) (TEXT: e.g., 20, 30, 45, or 60 min ischemia)
4.9. After the ischemia period, remove the bulldog clamp and insert the chest retractors to expose the ligature. Then untie the knot and remove the PE-10 tubing. 
4.9.1. [combined with 4.9.2 and 4.9.3] SCOPE: Few seconds bulldog clamp being removed 
4.9.2. SCOPE: Few seconds retractors being inserted
4.9.3. SCOPE: Few seconds knot being untied and then few seconds tubing being removed (Videographer: Split action into separate shots as necessary)(Video Editor: If shot is too long, please clip it into few second intervals for each action)
4.10. After 15-20 seconds, confirm the reperfusion by observing a return of the pink-red color in the anterior wall of the left ventricle. 
4.10.1. SCOPE: Shot of heart and then pink-red color returning (Video Editor: if possible/necessary, please add a dotted line or similar around area of brightening color)
4.10.1.1 (unslated) demonstrate the color change from white to pink to show the return of blood flow post-ischemia.
4.10.1.2  a better example of the return of pink color.
4.11. Finally, to close the chest cavity, sew the incision shut in the 3rd intercostal space with 4-0 silk suture, taking care to keep the lungs clear of the suture. While tying the suture knots, apply slight pressure to the chest with the needle holder to minimize any air that might be trapped in the chest cavity. 
4.11.1. CU: Few seconds of incision being sewn shut (Videographer: Just incision area in shot, not whole mouse)
4.11.2. CU: Few seconds shot of needle holder being placed/applying pressure to chest while suturing
4.12. Next use continuous 4-0 silk sutures to close all of the muscle layers in the chest and then use nylon sutures to close the skin with another continuous suture. 
4.12.1. CU: Few seconds muscle layer being closed with sutures
4.12.2 CU: Few seconds skin being closed with suture  
4.12.3 Few seconds of skin closure at thoracotomy.
4.13. When the suturing is complete, cease the flow of isoflurane while oxygen continues to flow. Then, after monitoring the animal carefully until it resumes a normal breathing pattern, extubate the mouse, removing the tube slowly to avoid aspiration of any oral cavity secretions.
4.13.1. MED: Talent turns off isoflurane
4.13.2. CU: Shot of normally breathing mouse
4.13.3. ECU: Few seconds intubation tube being removed
5. Results: Representative analysis of murine myocardial ischemia-reperfusion injury

5.1. Application of Phthalo (silent P) Blue dye allows the resolution of the area of the heart where occlusion of the LAD occurs, whereas hearts that are not stained with blue dye show only the area of infarct. Following 24 hours of reperfusion, infarct areas, in white, should be distinguishable from the areas at risk, in red, and the areas not at risk, in blue. 

5.1.1. LAB MEDIA: 51329_Weisleder_Figure1.tif 

(Video Editor: “Application … occurs” please highlight the image on the left; 

with “whereas .. of infarct” please highlight the image on the right;

with “infarct areas, in white” please indicate some white areas in both images with arrows or asterisks or other appropriate marker;

with “areas at risk in red” please indicate some red areas in the right image; 

with “areas not at risk in blue” please indicate some dark/blue areas in the left image)

5.2. Infarct sizes are dependent on the duration of the ischemia. Importantly, cardiac troponin I levels are low in sham operated animals that undergo all surgical procedures except ischemia and reperfusion as compared to animals which undergo myocardial infarction. This indicates that the sham surgery does not produce significant cardiac pathology, while the ischemia/reperfusion injury is sufficient to produce elevation of this widely used biomarker for myocardial infarction. 

5.2.1. LAB MEDIA: 51329_Weisleder_Figure2.tif 

(Video Editor: with “cardiac … except ischemia and reperfusion” please draw/add/stretch up OR indicate the control data bar [e.g., color in data bar/highlight/outline/whatever]; 

with “as compared … infarction” please draw/add/stretch up OR indicate I/R data bar in a similar manner as control data bar;

with “while … infarction” and add the bracket and asterisks)

6. Conclusion (said by authors on camera)
6.1. Zhaobin Xu: After watching this video, you should have a good understanding of how to conduct a survival surgery in the mouse to simulate a myocardial infarct.
6.2. Jenna Alloush: Following this procedure, other methods, like staining the heart for histology, can be performed to determine the infarct size to answer additional questions about the efficacy of different therapies.
6.3. Eric Beck: Don't forget that working with survival surgery in animals requires the proper management of pain and distress by following the approved protocols that comply with the standards of care in the field. 
6.4. Noah Weisleder: While attempting this procedure, it’s important to remember to design the surgical procedure to address your specific question and to adjust the variables, such as the length of the ischemia or reperfusion periods, accordingly.  


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, 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.  

51329_Weisleder_schematic.pptx
5.1 - 51329_Weisleder_Figure1.tif – photographic images of TTC stained heart sections
5.2 - 51329_Weisleder_Figure2.tif – bar chart showing serum troponin levels	



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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