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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

YES: Steps 4.3 – 4.9 and 5.1 – 5.20. Leica M651 operating microscope with high resolution digital camera and Leica recording software.
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

NO
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 

The operating steps (4.3-4.9 and 5.1-5.20)
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Re-anastomosis of the donor heart (steps 5.6-5.14)
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) NO
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to transplant a heart from a donor to a recipient mouse. (Intro)  This is accomplished by first removing the heart from the donor thorax and storing it in cold saline. (P1) The next steps are to transplant the heart into the abdomen of the recipient and then monitor the transplanted heart beat. (P2)  Finally, transplant rejection is confirmed by visual inspection and pathology analysis. (P3)  Ultimately, results can show that hearts transplanted between unrelated strains of mice are rejected, while hearts transplanted between the same strain are accepted long term. (P4)
Video editor:
P1 – Use stock image 3093 and animate the heart (provided here) being removed and entering the dish of solution (blue) – also provided here.  The heart should appear to submerge into the blue solution. Fade out the mouse.

P2 – Fade on a new mouse, as shown here, but edit it so the eyes are closed.  Then animate the heart going from dish to mouse and fading out.  Next, open this mouse’s eyes and slide it to the top of the screen.  Fade on a mouse heart beat graph with the narration “monitor” (stock image: 1730) and have it draw it across the screen, left to right in the available below the mouse.
P3 – Show Figure 1a.

P4 – Show Table 1.
[image: image1.png]



1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Chuanmin Wang: Visual demonstration of this method is critical, as the microsurgical steps are difficult to learn, because of the very small size of the donor and recipient animals, the complicated surgical procedure involved and the need for both accuracy and speed in performing the recipient operation.
Protocol Chapters (read by a voice talent at JoVE):
2. Extra Title Card

2.1. TEXT: The following protocol has been approved by Sydney University and Royal Prince Alfred Hospital animal ethics committees. 
3. Preparations for Surgery

3.1. Always make certain that all the instruments are thoroughly cleaned and sterilized in an ethanol bath.  Use of disposable sterile equipment is highly advisable.
3.1.1. WID: talent setting out tools
3.1.2. MED: removing tools from bath and laying out to dry for use during surgery and/or preparing plastic-wrapped tools
3.2. After anesthetizing the donor mouse in an isofluorane chamber, position it supine on the operating board.  Then, quickly connect the nose cone, delivering anesthetic.  (TEXT: 3% isofluorane chamber, 1 – 1.5% isofluorane to maintain)
3.2.1. CU: mouse placed on board
3.2.2. MED: talent adjusts anesthetic gas flow and attaches nose cone to mouse
3.3. Be sure to test the quality of the anesthesia with a hind foot pinch.
3.3.1. CU: pinching foot of anesthetized animal, no reflex seen
3.4. If there is no flinch response, commence with shaving the skin using a surgical blade.  Then, sterilize the skin with 70% ethanol.
3.4.1. ECU: shaving the fur off
3.4.2. ECU: scrubbing skin clean
3.5. Throughout the surgery, visually monitor the animal’s breathing and heart beat.  Adjust the delivery of isofluorane accordingly.
3.5.1. CU: attaching heart monitor to mouse Chest movement (breathing)
3.5.2. MED: checking the heart monitor reading Isofluorane adjustment
4. Heart Donor Operation
4.1. Begin by performing a thoracotomy to expose the heart and vessels. Open the chest through both sides of the rib cage.  Cut from the rib edge, up the axilla and transversely, level with the xiphisternum.  This makes a chest wall flap.
4.1.1. WID: talent beginning the incisions into mouse, establishing shot
4.1.2. ECU: talent opening the chest, cutting the ribs, making chest flap
4.2. Pin the flap open to the operating board, near the head.
4.2.1. ECU: pinning the flap open
4.3. Then, remove the pericardium from around the heart.
4.3.1. SCOPE: removing tissue from the heart
4.4. Lift the inferior vena cava with forceps, and inject a milliliter of cold, heparinised saline to the IVC, proximal to the heart.  
4.4.1. SCOPE: accessing the ivc, injecting saline into ivc, next to heart
4.4.2. ECU: making injection of saline and withdrawing
4.5. Then, attach a small artery clamp to the IVC to prevent solution from flowing back through the needle hole.
4.5.1. SCOPE: attaching a clamp to the ivc
4.6. With gauze and a cotton applicator, move the heart down to expose the aorta and pulmonary artery.   The transverse sinus is the channel posterior to the aorta and pulmonary artery bundle.  
4.6.1. SCOPE: pushing heart aside to access the transverse sinus – identified by talent
4.6.2. SCOPE: cutting open the transverse sinus
4.7. Next, cut the aorta and pulmonary artery as distally as possible to maximize the length of the vessels for the anastomosis.
4.7.1. (this is the final part of 4.6.1 video) SCOPE: cutting opening the aorta and pulmonary artery
4.8. Now divide the IVC, the right SVC, the left SVC and the pulmonary veins.  Each should be tied apart using 6-0 silk thread.  First, tie the IVC and right SVC.  
4.8.1. (4.8.1 A+B) SCOPE: identifies and divides ivc, right svc, left svc and pulmonary veins – ties ivc and right svc with thread
4.9. Then, tie off the left SVC and the pulmonary veins.
4.9.1. (this is the final part of 4.8.1 A+B video) SCOPE: ties the left svc and pulmonary veins with thread
4.10. Now, remove the heart by cutting all the vessels distal to the ties.
4.10.1. SCOPE: cutting all vessels to remove heart
4.11. Store the heart in cold saline at 4 ºC until transplantation.
4.11.1. CU: setting heart into solution on ice
5. Heart Recipient Operation

5.1. After preparing the animal for surgery as described for the donor, start by performing a laparotomy.   Cut through the midline from the pubis to the xiphisternum.
5.1.1. MED: set up, mouse ready for surgery, face of mouse draped, all tools for laparotomy ready
5.1.2. ECU: first cut
5.2. Using paperclips bent into retractors, open the abdomen. 
5.2.1. ECU: using clips to open abdomen
5.3. Wrap the bowels in warm saline-soaked gauze and retract them to the upper right of the abdomen.
5.3.1. ECU: wrapping intestines in wet gauze and moving them aside
5.4. Next, expose the infra-renal aorta and IVC.   Between the iliac bifurcation and left renal artery and vein, free the bundled segment of aorta and IVC.  
5.4.1. SCOPE: exposing i-r aorta and ivc – identifies iliac bifurctation and left renal artery and vein – then isolates aorta and ivc between 
Videographer: the previous steps in this section were less detailed and only film them as scope if actually performed with a scope.
5.5. Then, divide the aorta and IVC from the lumbar vessels with a calibrated, cautery device.  Apply small, atraumatic clamps to the proximal and distal ends of the freed aorta/IVC segment.
5.5.1. SCOPE: divides isolated vessels and cauterizes 
5.5.1B Then applies clamps 
5.6. Using a 30 Gauge needle, punch a hole into the front wall of the aorta.  From the hole, cut vertically, making a hole the size of the donor’s aorta.
5.6.1. SCOPE: makes hole in aorta with needle, then cuts along hole to expand size of opening
5.7. Take this opportunity to remove any blood clots from the aorta lumen with a rinse of heparinized saline.
5.7.1. SCOPE: cleaning clots and rinsing with saline
5.8. Now, introduce the donor heart, in cold saline.  Position the donor heart next to the incision on the recipient’s aorta.  Position the donor pulmonary artery next to the recipient’s IVC.
5.8.1. CU: bringing aorta donor heart in dish near surgical site
5.8.2. ECU: setting donor heart aorta into position
5.8.3. SCOPE: fine tuning the positioning – showing structures that are required to sit next to eachother
5.9. Using 10-0 running nylon sutures, anastomose the aortas end-to-side.  Start at the proximal corner and suture along the left side to the distal corner.  
5.9.1. SCOPE: suturing the donor aorta to the recipient aorta, first side
5.10. Then rotate the animal 180 degrees, move the heart over, and continue the sutures through the right side of the aortic wall, distal to proximal. 
5.10.1. SCOPE: rotates recipient and continues suturing aorta 
5.11. Before closing the anastomosis, gently flush the lumen with heparinised saline to remove clots and air.  Then, finish the suturing.
5.11.1. SCOPE: rinsing out the preparation with solution, then finishing suturing aorta
5.12. Next, make a vertical incision in the front wall of the IVC where the pulmonary artery will be anastomosed.
5.12.1. SCOPE: makes an incision into recipient ivc
5.13. Second, use 10-0 running sutures to anastomose the vessels starting at the distal end of the left wall, within the lumen of the IVC.  At the proximal end, continue along the front right side wall and suture up to the distal end.
5.13.1. SCOPE: suturing donor pulmonary artery to recipient ivc
5.14. Again, give the lumen a good flushing before completing the anastomosis.
5.14.1. SCOPE: rinsing out pulmonary artery/ivc connection and finishing the suturing
5.15. Next, place pieces of Gel-foam around the anastomosis.  
5.15.1 (A+B) SCOPE: placing gel-foam around connections
5.16. Hemostasis is achieved with gentle pressure from cotton applicators.  
5.16.1. (this is the final part of 5.15.1 A+B video) SCOPE: applying pressure with cotton swab
5.17. To revascularize the recipient, release the distal clamp first, then the proximal clamp.
5.17.1. SCOPE: releasing the clamps
5.18. Chuanmin Wang: During the recipient operation, it is vital to optimize the accuracy and speed of the surgery so the cross-clamp time is, ideally, less than thirty minutes.
5.18.1. WID: interview shot of Dr. Wang at site where this surgery is being performed.
5.19. To aid the recovery, apply warm saline at 37 ºC to the graft site.  Fibrillation should be immediate and revert spontaneously to the sinus rhythm within a few minutes.
5.19.1. SCOPE: moistening attachments with saline
5.19.2. SCOPE: sinus rhythm begins in attached heart (USE TAKE 3)
5.20. Before closing the surgical site, an injection of Buprenorphine should be given intra-muscularly.
5.20.1. CU: loading syringe with Buprenorphine and injecting i.m.applying to surgical site
5.21. Finish the operation by closing the wound with one 5-0 absorbable running suture for all the tissue layers.
5.21.1. ECU/SCOPE: (back out to ECU if it shows detail) sewing up the recipient
6. Recovery and Graft Monitoring
6.1. After closing the surgical wound, inject the recipient animal with ampicillin and a subcutaneous injection of 0.6 millilters of saline to help hydration. Place the animal on a heating pad set to 37 °C, until it recovers consciousness. 
6.1.1. WID: talent loading syringe with Ampicillin

6.1.2. CU: injecting Amp, then injecting combined with saline

6.1.3. MED: placing animal on heated pad/enclosure for recovery
6.2. Most animals are drinking and even eating within three hours of the surgery.  
6.2.1. WID: transferring caged animal from surgical site to where it is observed, long term
6.3. If after eight hours, the mouse still shows signs of distress, provide injections of buprenorphine every 12 hours, until the symptoms resolve.  If the mouse remains in distress for more than 48 hours, contact a veterinarian. 
6.3.1. MED: talent inspecting the mouse in its cage

6.3.2. WID: talent loading syringe

6.3.3. MED: giving mouse an injection This shot not taken as mouse was well. Extend 6.3.2
6.4. For the first ten post-operative days, directly monitor the grafted heart beat by abdominal palpation on a daily basis.
6.4.1. MED: taking animal form cage to monitor heart beat

6.4.2. CU: detail of how to palpate abdomen to check heart beat
6.5. Record the strength of beat as ‘four-plus’ for a healthy graft to ‘one-plus’ for a weak beat due to advanced rejection.  Record a non-beating graft as a negative-one, due to complete rejection of the graft. 
6.5.1. CU: chart or notebook, talent records condition of heart 

6.5.2. MED: checking the next mouse’s heart beat and making another recording in chart/notebook of heart’s condition

6.5.3. CU: chart or notebook of a long-term analysis showing several scores on one heart
6.6. After 10 days, continue monitoring the grafted heart pulse three times per week.
6.6.1. WID: like 6.5.2, wider angle
7. Representative Mouse Heart Transplants
7.1. After 227 heterotopic heart transplants, 90.3% were successful for 24 hours and 86.8% were successful for 48 hours.  Failure included hind limb paralysis, a non-beating heart due to graft ischemia injury and/or thrombosis and death.  Graft survivors were cataloged. 

7.1.1. LAB MEDIA: Table 1

7.2. The cause of heart transplant failures was established by pathology analysis of the transplanted heart; here, marked by an arrow.  Thrombosis and infarction of the heart tissue was the cause of this grafted heart’s failure.

7.2.1. LAB MEDIA: Figure 1a

7.3. In the strain combination of C57-black-6 donor and recipient, no heart was rejected and the transplanted hearts survived for more than 100 days.  In this case, the heart had reduced slightly in size due to muscle atrophy secondary to its non life-sustaining status.

7.3.1. LAB MEDIA: Figure 1b

7.4. In contrast, in the rejecting strain combination of DBA/2 donor to C57BL/6 recipient, this transplanted heart had ceased to beat by day 7 and showed evidence of rejection.

7.4.1. LAB MEDIA: Figure 1c 

7.5. By 100 days, the same heart was completely fibrotic and shrunken.

7.5.1. LAB MEDIA: Figure 1d
8. Conclusion Interview (spoken by you on camera)
8.1. Chuanmin Wang:  Once mastered, this technique can be done in 90 minutes or less, if it is performed properly; and don't forget that working with isofluorane gas can be extremely hazardous.  The use of an anaesthetic gas scavenger is highly advisable.  

List of Provided Media Filenames and Descriptions (fill this in)

Please insert your media filenames here.
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.

( 2014, Journal of Visualized Experiments


