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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) Yes: Nikon SMZ-U Specify the steps by number/short description: All surgical steps
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: 1.6, 1.7, 2.8, 2.9, 2.10, 2.11, 2.12, 2.13 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Getting the tension of the anastomoses correct. Practice is the main aspect here, but careful placement of the sutures is an excellent start and hopefully we can clearly show this in the video.

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 perform and assess the health of a murine heterotopic heart transplant. (Intro) This is accomplished by first carefully harvesting the heart of the donor. (P1) In the second step, the graft site is surgically crafted within the recipient to allow sufficient space to implant the donor tissue. (P2) Next, the donor heart is transplanted through the formation of arterial and venous anastomoses. (P3) In the final step, hemostasis of the vascular suture lines is verified before closing the recipient. (P4) Ultimately, the health of the graft can be monitored by daily palpitation to evaluate the effects of various factors on donor graft survival. (P5)
(P1) from Slide2.tif, please show white mouse with “BALB/c (H-2d)” text, then “remove” heart from white mouse and go into container of saline OR please show 2.10.2. cutting heart free OR 2.10.4. placing heart into saline
(P2) from slide 2.tif, please show black mouse with “B6 (H-2b)” text and then “open” a “hole” the side of the mouse with two veins inside the hole to which heart will attach OR please show 3.4.2. cotton tie being knotted
(P3) please show black mouse with hole, then have heart in saline appear and have heart leave saline and enter hole in mouse and “attach” to veins OR please show 3.7.1. suture being placed
(P4) have heart “beat” once or twice and then “close” hole (maybe with X’s for stitches?) OR please show 3.14.1. or 3.14.2. ties being released and flow through vessels
(P5) Figure 1.tiff
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Rob Plenter: Visual demonstration of this method is critical, as the anastomotic steps are difficult to learn. The tension of the sutures must be just right to avoid leakage and blood flow constriction.   

Protocol (read by voice talent at JoVE):
2. Donor Heart Harvest
2.1. To harvest the donor heart, first immobilize the anesthetized donor animal with 4-way restraints. After clipping the fur, wipe the skin with alcohol and then make a transverse incision just inferior to the diaphragm to open the abdominal cavity.
2.1.1. WIDE: Few seconds Talent restraining anesthetized animal (Videographer: Get more Talent than mouse in shot) (TEXT: Anesthesia: pentobarbital, 60mg/kg i.p.) 
2.1.2. CU: Shot of just shaved abdomen of mouse, then few seconds wiping skin with alcohol

2.1.3. CU: Shot of just shaved abdomen of mouse, then few seconds transverse incision being made

2.2. Next extend a full thickness cut up the posterior lateral thoracic cavity on the left and right sides of the chest. Then cut the diaphragm posterior to the costal insertion and lift the anterior chest wall anteriorly and superiorly to expose the heart. 
2.2.1. SCOPE: Few seconds of cut up thoracic cavity on at least one side of chest

2.2.2. SCOPE: Few seconds diaphragm being cut posteriorly to the costal insertion (Videographer: Combine 2.2.2. and 2.2.3. as appropriate)

2.2.3. SCOPE: Shot of chest wall being lifted and then shot of exposed heart (Videographer: Combine 2.2.2. and 2.2.3. as appropriate)

2.3. Isolate the inferior vena cava, or IVC, and then place a loose 5-0 silk suture around the IVC adjacent to its insertion into the right atrium.
2.3.1. SCOPE: Few seconds IVC being isolated
2.3.2. [2.4.1 and 2.4.2 were captured in 2.3.2] SCOPE: Few seconds suture being placed around IVC
2.4. For the next step, inject 1 cc of 4°C heparinized saline into the IVC and ligate the vessel with the 5-0 silk suture and divide. 
2.4.1. SCOPE: Few seconds saline being injected into IVC
2.4.2. SCOPE: Few seconds vessel being ligated with suture then divided
2.5. Then after ligating and suturing the right superior vena cava in a similar fashion, gently roll the heart towards the animals’ right side and isolate … and ligate the left superior vena cava, … exposing the left pulmonary artery. 
2.5.1. SCOPE: Shot of ligated and sutured right superior vena cava, then shot of heart being rolled to animal’s right side (Videographer: Combine 2.5.1., 2.5.2., AND/OR 2.5.3. as appropriate)
2.5.2. SCOPE: Few seconds left superior vena cava being isolated (Videographer: Combine 2.5.1., 2.5.2., AND/OR 2.5.3. as appropriate)
2.5.3. SCOPE: Last seconds left superior vena cava being ligated, then shot of exposed left pulmonary artery (Videographer: Combine 2.5.1., 2.5.2., AND/OR 2.5.3. as appropriate)
2.5.4. [same as step 2.8.1] SCOPE: Shot of exposed left pulmonary artery
2.6. Now secure the heart under a wet gauze and blunt dissect the thymus away from the main pulmonary artery, the left and right pulmonary artery branches, and the ascending aortic arch.
2.6.1. SCOPE: Few seconds heart being secured under wet gauze
2.6.2. SCOPE: Thymus being blunt dissected for ~8-10 s
2.7. Blunt dissect the aortic arch free of the surrounding tissues and then use micro-scissors to divide the aorta proximal to the right brachial-cephalic artery until there are no branches between the heart and the division point of the aorta. This section of the aortic arch forms the arterial cuff for the implant process.  
2.7.1. SCOPE: Few seconds aortic arch being blunt dissected
2.7.2. SCOPE: Few seconds aorta being divided proximal to right brachial-cephalic artery
2.7.3. SCOPE: Shot of divided aortic arch, with section that forms arterial cuff indicated with dissecting needle or other appropriate instrument as possible (Video Editor: If necessary/possible, please indicate the aortic arch with “Arterial cuff” text and accompanying arrow when mentioned)
2.8. Next, reflect the aortic cuff inferiorly to expose the pulmonary artery trunk and the left and right branches of the pulmonary artery. Then blunt dissect the left and right pulmonary artery branches away from the surrounding tissues as far from the heart as possible.
2.8.1. [covers action from 2.8.2] SCOPE: Aortic cuff being reflected, then shot of exposed pulmonary artery trunk and branches
2.8.2. SCOPE: At least one branch being blunt dissected for ~10-12 s
2.9. Divide the pulmonary artery trunk as distally as possible, just proximal to its bifurcation to form the venous cuff for the implant process. 
2.9.1. SCOPE: Few seconds trunk being divided
2.9.2. SCOPE: Shot of trunk after division, with section that forms venous cuff indicated with dissecting needle or other appropriate instrument as possible (Video Editor: If necessary/possible, please indicate the aortic arch with “Venous Cuff” text and accompanying arrow when mentioned)
2.10. Then tie a 5-0 silk suture around the base of the heart, cut it free at the base, and transfer the excised tissue into 4°C saline. 
2.10.1. SCOPE: Few seconds suture being tied around base of heart
2.10.2. SCOPE Few seconds heart being cut free
2.10.3. MED: Talent placing heart in saline
3. Heart Implantation and Graft Assessment
3.1. To implant the donor heart, after anesthetizing and immobilizing the recipient animal, wipe the skin with povidone-iodine and drape the surgical site in a sterile fashion. 
3.1.1. WIDE: Few seconds Talent wiping mouse (Videographer: Get more Talent than mouse in shot)
3.1.2. CU: Shot of draped animal/surgical site
3.2. Then begin the procedure by making a 2 cm midline vertical abdominal incision to enter the abdominal cavity. Retract the bowel superiorly and externalize the tissue onto the chest, wrapping it in sterile gauze moistened with sterile saline. 
3.2.1. CU: Few seconds incision being made
3.2.2. CU: Few seconds bowel being retracted, then externalized onto chest and wrapped in gauze (Videographer: Split action into separate shots as necessary)
3.3. Next, isolate the abdominal aorta and inferior vena cava below the renal vessels and place 4-0 cotton ties around the tissues superior, then inferior to the anastomosis site.  Identify any lumbar vessels within the field … and ligate them with 10-0 nylon suture. 
3.3.1. SCOPE: Few seconds of at least one vessel being isolated
3.3.2. SCOPE: Few seconds at least one cotton tie being placed
3.3.3. SCOPE: Shot of both 4-0 cotton ties in place, then at least one lumbar vessel being ligated (Video Editor: with “Identify … field” if possible, please FREEZE FRAME and add asterisks or arrows to indicate at least a few lumbar vessels)
3.4. Then knot the inferior cotton tie followed by the superior one to retain some blood in the aorta to make the aortotomy easier to perform. 

3.4.1. SCOPE: Few seconds inferior cotton tie being knotted

3.4.2. SCOPE: Few seconds superior tie being knotted

3.5. After securing the knots, enter the lumen of the aorta with a 30G needle. Then use fine micro-scissors to extend the incision to a length of approximately 2 mm in a straight line along the longitudinal axis of the vessel.
3.5.1. [covers action from 3.5.2] SCOPE: Few seconds needle being placed into lumen
3.5.2. SCOPE: Few seconds incision being extended along longitudinal axis of vessel
3.6. Now place a 10-0 nylon suture stay stitch in the donor aorta, and to the inferior angle of the incision in the recipient aorta to make an end-to-side anastomosis of the donor aorta to the recipient aorta.
3.6.1. SCOPE: ~12-15 s shot of suture stay stitch being placed
3.7. After tying the suture, place a second 10-0 nylon opposite the first in the donor aorta and in the superior corner of the incision in the abdominal aorta and tie this suture as well.
3.7.1. [combined with 3.7.2] SCOPE: Few seconds second suture being placed
3.7.2. SCOPE: Few seconds second suture being tied
3.8. When the second suture is in place, make a running suture line from the superior to the inferior in the lateral wall of the aorta and tie it against the previously placed stay stitch, taking care to bring the intimas together. 
3.8.1. SCOPE: Few seconds running suture line being placed
3.8.2. SCOPE: Few seconds running suture being tired
3.9. Next, suture the medial in a running fashion and tie it, placing the first and last stitches on each side as close to the stay stitches as possible. Aim to have 3 evenly spaced stitches between these two.
3.9.1. [combined with 3.9.2] SCOPE: Few seconds medial being sutured
3.9.2. SCOPE: Few seconds medial being tired
3.9.3. SCOPE: Shot of 3 evenly spaced stitches (Video Editor: If possible, please indicate 3 stitches when mentioned with arrows or asterisks or other appropriate indicators)
3.10. Then, to make an end-to-side anastomosis of the donor pulmonary artery to the recipient IVC, first puncture the IVC with a 30G needle and then use the fine micro-scissors to extend the incision for about 2 mm in a straight line along the longitudinal axis of the vessel.
3.10.1. [combined with 3.10.2] SCOPE: Few seconds IVC being punctured
3.10.2. SCOPE: Few second incision being extended along longitudinal axis of vessel
3.11. Next, tie the donor pulmonary artery to the inferior corner of the incision in the IVC with 10-0 nylon. Then make a running suture line between the pulmonary artery and the IVC and tie it, placing the first and last stitches on each side as close to the stay stitches as possible, aiming to have 5 evenly spaced stitches between these two.
3.11.1. SCOPE: Few seconds artery being tied to corner of incision in IVC
3.11.1.1. Added shot
3.11.2. SCOPE: Few seconds running suture being placed
3.11.3. SCOPE: Few seconds suture being tied
3.11.4. SCOPE: Shot of all stitches in place (Video Editor: If please indicate 5 stitches when mentioned with arrows or asterisks or other appropriate indicators)
3.12. Now release the distal 4-0 cotton tie, re-establishing venous flow. Once hemostasis of the venous anastomosis has been observed, gradually loosen the proximal 4-0 cotton tie and observe the arterial anastomosis for hemostasis. 
3.12.1. SCOPE: Distal 4-0 cotton tie being released, then few seconds venous flow through vessel
3.12.2. SCOPE: Few seconds proximal tie being released, then few seconds flow through artery
3.13. When both anastomoses are considered secure, remove the cotton ties from the mouse, return the bowel to the abdomen, and use 5-0 silk to close the abdominal wall in two layers in a running fashion. 
3.13.1. SCOPE: Few seconds at least one cotton tie being released
3.13.2. SCOPE/CU: Few seconds bowels being placed back into abdomen
3.13.3. SCOPE/CU: Few seconds abdominal wall being closed with silk
3.14. Administer a 1 ml bolus of sterile, warm normal saline into the abdomen as fluid resuscitation upon closing, and inject 0.8 ml of normal saline subcutaneously.
3.14.1. CU: Shot of bolus being administered
3.14.2. CU: Shot of saline being injected sc (TEXT: Recover animal on warming blanket before cage return)
3.15. Finally, to assess the graft function by daily trans-abdominal palpation, restrain the mouse as for an intraperitoneal injection. Then gently press the tip of a forefinger against the abdominal wall to ascertain the beating strength and regularity of the graft. 
3.15.1. CU: Talent’s hand picking up mouse
3.15.2. CU: Shot of mouse restrained, then few seconds finger being placed against abdominal wall
3.16. Give the palpation quality a score from 4 for a normal amplitude and frequency to 0 for a non-beating rejected graft. 
3.16.1. MED: Talent writing down score on clipboard/into lab notebook/onto computer as appropriate
4. Results: Perforin and Fas Represent Obligate and Parallel Pathways of CD4+ T cell-Mediated Cardiac Rejection
4.1. This surgical technique facilitates both simple graft survival studies as well as complex experimental protocols. For example, in this representative experiment, the involvement of Fas and/or perforin as mechanisms of CD4+ T cell-mediated cardiac rejection was investigated. The results demonstrate that the direct rejection of the cardiac allografts by CD4+ effector T cells requires the alternative contribution of graft Fas expression and T cell perforin expression, indicating for the first time that cytolytic activity by CD4+ T cells can play an obligate role in primary acute allograft rejection in vivo.

4.1.1. LAB MEDIA: Figure 1.tiff 
(Video Editor: with “the involvement of Fas” please highlight the “C3H LPR + B6 CD4 T cells n=5”, “C3H LPR + B6 PFPKO CD4 T cells n=5”, and “C3H + B6 GLD CD4 T cells n=5” legend texts; 

with “and/or perforin” please highlight the “C3H + B6 PFPKO CD4 T cells n=5”  and “C3H LPR + B6 PFPKO CD4 T cells n=5”; 

with “CD4+ effector … expression” please highlight the top straight across data line the second longest stepwise data line [i.e., closed circles data line])
5. Conclusion (said by authors on camera)
5.1. Rob Plenter: After watching this video, you should have a good understanding of how to place the sutures in your anastomoses to result in a healthy beating cardiac graft.       
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.  

Slide2.tif

Figure 1.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, as well as an introduction to your videographer, closer to your filming date.
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