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Title: Heterotopic Cervical Heart Transplantation in Mice 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __Y___

Can you can record images/videos using your own camera/software? (Y/N) __N___

Some time ago I recorded the procedure with a HD camera. I gave Bruno Behnam a hard disk with this film material, which can be used for the final video.
What is the make and model of your microscope(s)? ____Leica M691_______ 
Video editor and Videographer:  The authors did not specify any specific steps as being more important, however, there is a video of the microscopic aspects of the this protocol which they have produced and looks good.  The content of that video is precisely what they find most important.

C.  Will the filming need to take place in multiple locations? (Y/N) ___N
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
This video presents an experimental model of cervical heart transplantation to investigate ischemia-reperfusion injury with syngeneic mice or to investigate graft rejection with allogeneic animals.  (intro)  
The first step of the procedure is to harvest the heart from the donor mouse. (P1) 
The graft is stored in cardioplegic solution on ice for up to 4 hours, depending on the experimental setting. (P2) 
The next step is the preparation of the right cervical vessels of the recipient mouse; (P3) the vessel wall of the divided external jugular vein and carotid artery are everted over a cuff and fixed with a ligature. (P3')  
The final step of the procedure is the implantation of the graft into the recipient mouse; the ascending aorta of the graft is pulled over the cuff with the carotid artery, and the pulmonary trunk is anastomosed with the external jugular vein. (P4)  
Ultimately, the clamps are removed and reperfusion begins. Normally, the heart develops sinus rhythm within one minute.  (P5)
[image: image1.png]



Video editor:
These P1 – P4 graphics are non-layered, sketches.  Use them as follows:

P1 – Animate the addition of  the dotted lines and show the heart beneath in its approximate position.

P2 – Animate the heart leaving the animal and going into the tube on ice.  Animate the cap going on and off the tube.  The heart sinks into the tube.

P3 – begin with the blow up of the secured mouse and at P3' switch to the inset, which is below the dotted line incision.  Animate that spacial relationship between the two parts of the graphic.

P4 – Just show P4.

P5 -  Figure 3 can be shown: there are four panels to zoom into or pan between.
B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Thomas Ratschiller: Compared to abdominal graft implantation, this cervical heart transplant model is less invasive and animals recover faster. Also, by using cuffs for the anastomoses, suturing of small vessels can be completely avoided, making this a more technically feasible model.
C. The Protocol Section (read by voice talent at JoVE)
1.2. EXTRA TITLE CARD: All experiments were approved by the German Heart Center Munich and the Government of Bavaria, Germany (Gz. 55.2-1-54-2532.3-17-13). Animals were housed in a specific pathogen free facility and received human care in compliance with the ”Principles of Laboratory Animal Care” formulated by the National Society for Medical Research and the ”Guide for the Care and Use of Laboratory Animals” provided by the National Academy of Sciences and published by the National Institutes of Health (NIH Publication no. 86-23, revised 1985). 
2. Graft Harvesting
2.1. After pre-sedating the mouse with isoflurane … [WID]

2.1.1. removing mouse from anesthesia chamber

2.2. ... anesthetize it with an intraperitoneal injection of anesthetics. [MED/TEXT]

2.2.1. loading syringe with anesthetics, EXT: 5.0 mg midazolam + 0.5 mg medetomidine + 0.05 mg fentanyl / kg
We switched the order of 2.3/2.4 in during the video shot
2.3. Confirm surgical tolerance by checking for the pedal withdrawal reflex... [MED]

2.3.1. toe pinch 
2.4. … then, secure the mouse in a supine position on the operative field. [CU]

2.4.1. mouse secured in surgery position
2.5. Then, disinfect the skin three times with chlorhexidine. [CU]

2.5.1. film as written
USE TAKE 3
2.6. Now, perform a midline abdominal incision and retract the intestines to the left using a wet gauze to expose the inferior vena cava. [ECU/TEXT]

2.6.1. film as written
Videographer: The ECU shots in this section may be all better viewed with a dissection microscope.  Make those adjustments as needed.
2.7. Then, into the IVC, inject 50 units of heparin diluted [2.7.1 – MED] in 0.4 milliliters of saline to prevent coagulation. [2.7.2 – ECU]

2.7.1. loading syringe, preparing to inject

2.7.2. injecting into the IVC

2.8. One minute later, incise the vessel, open the diaphragm and perform a bilateral thoracotomy to expose the heart. Reflect the anterior chest wall superiorly and hold in place with a clamp.  [SCOPE]

2.8.1. film as written, moving forward scope shots are needed 

2.9. Next, remove the thymus and bluntly dissect the connective tissue between the aorta and pulmonary trunk.  Incise the right superior vena cava.  [SCOPE]

2.9.1. film as written
2.10. Then, use a 30 Gauge needle to puncture the mobilized ascending aorta at the brachiocephalic trunk and slowly perfuse the heart retrogradually using 3 milliliters of ice-cold cardioplegic solution. Do not apply excessive pressure.  [SCOPE][

2.10.1. Film as written

2.11. Do not inject any air and to further enhance the cardiac arrest, [2.11.1 - CU] drip ice-cold saline onto the graft.  [2.11.2 - SCOPE]

2.11.1. finishing injection and preparing to drip saline

2.11.2. saline dripping onto graft

2.12. Then, transect the aorta proximally to the origin of the brachiocephalic trunk. [SCOPE]

2.12.1. film as written

2.13. And ligate the inferior and both superior venae cavae close to the heart using 8-0 silk.  After the ligatures are placed, transect each vessel distally to the ligatures. [SCOPE]

2.13.1. film as written

2.14. Next, free the pulmonary trunk as distally as possible and ligate the pulmonary arteries close to the bifurcation with 8-0 silk.  Also transect these vessels distally to the ligatures. [SCOPE]

2.14.1. film as written  USE TAKE 3
2.15. The last vessels to ligate are the pulmonary veins, which can be ligated together with a single 8-0 silk ligature.  Then, transect these veins … [SCOPE]

2.15.1. Film as written

2.16. ... and remove the heart from the donor. [CU]

2.16.1. film as written, not a scope shot now

2.17. Store the heart in ice-cold cardioplegic solution until it is needed. [CU]

2.17.1. placing heart in solution
3. Recipient Preparation
3.1. To begin, under the microscope, [3.1.1 - MED] prepare the cuffs for anastomoses by cutting the polyimide tubing with scissors or a number 11 scalpel blade. [3.1.2 – SCOPE]

3.1.1. establishing shot

3.1.2. cutting tubing
USE TAKE 2
3.2. After preparing the recipient for surgery as done with the donor, [2.2.1, 2.3.1, 2.4.1] provide a subcutaneous injection of 0.25 ml of warm saline solution for fluid replacement.  [MED]

3.2.1. loading syringe and performing injection

3.3. Next, shave the hair of the right cervical region … [CU]

3.3.1. film as written

3.4. … and position the mouse supine on a warm pad. [CU]

3.4.1. film as written

3.5. Tape down the legs but do not overstretch the front limbs, which can compromise respiration.  [ECU]

3.5.1. securing limbs, show detail of stretching the limbs

3.6. Then, apply ophthalmic ointment … [CU]

3.6.1. greasing the animal's eyes

3.7. … and disinfect the surgical site three times with several chlorhexidine scrubs. [CU]

3.7.1. film as written

3.8. Now, start the surgery by making a transverse skin incision from the right mandibular angle to the jugular notch. [SCOPE]

3.8.1. film as written

3.9. Then, bluntly mobilize the external jugular vein … [SCOPE]

3.9.1. film as written
3.10. … and cauterize the side branches with a bipolar forceps and transect them. [SCOPE]

3.10.1. film as written

3.11. Divide the external jugular vein between the ligatures where there is a confluence with the vein from the submandibular gland. [SCOPE]

3.11.1. film as written

3.12. Once isolated, pull the external jugular vein through the cuff.  Then, occlude the vessel proximally by placing a vascular clamp on the extension of the cuff. [SCOPE]

3.12.1. film as written

3.13. Now, remove the ligature and irrigate the vessel lumen with 1:10 heparinized saline. [SCOPE]

3.13.1. film as written

3.14. Complete attachment to the cuff by everting the vessel wall over it and fixing the vessel with a preset circumferential 8-0 silk ligature. [SCOPE]

3.14.1. film as written

3.15. Now, remove the superficial part of the sternocleidomastoid muscle. [SCOPE]

3.15.1. film as written

3.16. Next, mobilize the right common carotid artery.  Then, below the carotid bifurcation, place two ligatures and transect the vessel between them.  [SCOPE]

3.16.1. film as written

3.17. Now, pull the carotid artery through the cuff and put a Yasargil clamp on the extension proximal to the cuff to occlude the vessel.  Remove the ligature and irrigate the vessel lumen with 1:10 heparinized saline. [SCOPE]

3.17.1. film as written

3.18. Then gently dilate the lumen with a vessel dilatator, and, as before, complete the vessel attachment to the cuff. [SCOPE]

3.18.1. film as written  COMBINE THE 4 TAKES IF NEEDED
3.19. T Ratschiller: The most difficult part of the procedure is to evert the vessel wall of the carotid artery over the cuff because it easily flips back. It is therefore important to completely mobilize the artery, to select an appropriate cuff size and to gently dilate the vessel lumen before eversion. [WID]

3.19.1. Interview at dissction scope
3.20. In preparation for the graft, remove the right lobe of the submandibular gland … [SCOPE]

3.20.1. film as written

3.21. ...and keep the operative field moist. [CU]

3.21.1. wetting the surgery
4. Graft Implantation
4.1. [3.1.1] Place the graft in the recipient cervical region [4.1.1 - CU] upside down with the aorta orientated medially and the pulmonary artery laterally. [4.1.2 -SCOPE]

4.1.1. moving the graft roughly into position

4.1.2. film as written

4.2. Then, pull the aorta of the graft over the cuff with the carotid artery, and secure the anastomosis with a circumferential 8-0 silk ligature. [SCOPE]

4.2.1. film as written USE TAKE 2
4.3. Next, incise the pulmonary trunk on its anterior aspect and pull it over the cuff with the external jugular vein. [4.3.1 - SCOPE] Use another ligature [4.3.2 - CU] to secure this anastomosis.  [4.3.1]

4.3.1. film as written

4.3.2. positioning the ligature

4.4. Now, remove the clamp on the external jugular vein and then on the carotid artery. The heart should quickly fill with blood. [SCOPE]

4.4.1. film as written

4.5. To enhance the reperfusion, drip warmed saline onto the graft.  [CU]

4.5.1. setting up dripping saline onto graft

4.6. Normally the heart will start a sinus rhythm within a minute. [SCOPE]

4.6.1. heart starting up again USE End of (4.4.1 – at this time point the heart beats better)
It would be nice to see a well perfused, reddish graft with a good function. Alternatively, you can use a sequence from the hard disk (my personal film material I provided to the videographer Bruno B.).
4.7. Now, remove the cuff extension at the venous site ... [SCOPE]

4.7.1. film as written

4.8. … and check over the graft.  The anastomoses must be tension-free and vessels should not show any torsion. Do not cauterize vessels of the skin since this may impair wound healing. The bleeding should stop spontaneously. [SCOPE]

4.8.1. Film as written thought the end of the bleeding

4.9. Close the skin with a single continuous suture. [ECU]

4.9.1. film as writen
5. Postoperative Care
5.1. After the surgery, inject the animal [5.1.1 - MED] with a quarter of a milliliter of warm saline subcutaneously. [5.1.2 – ECU[

5.1.1. preparing syringe

5.1.2. performing s.c. injection of saline

5.2. Next inject a drug cocktail subcutaneously for the narcotics to be antagonized. [MED/TEXT]

5.2.1. preparing and performing injection, TEXT: 1.2 mg naloxone + 0.5 mg flumazenil + 2.5 mg atipamezol / kg

5.3. Let the animal recover on a warm pad until it can maintain sternal recumbency. [MED]

5.3.1. moving animal into recovery chamber

5.4. Observe the animal for at least an hour before deeming it fully recovered. [CU]

5.4.1. animal during recovery, don't focus in too much, it shouldn't be filmed while struggling to breath 

5.5. Once recovered, the mouse should be housed alone for at least three days. [WID]

5.5.1. moving the recovered mouse to a home cage

5.6. Provide analgesia for a minimum of 72 hours. [MED/TEXT]

5.6.1. Preparing syringe full of analgesic and giving injectio, TEXT: e.g. 0.05 mg bup / kg s.c.; 3X / day
5.7. Also, weigh the animal daily to check for severe weight loss and monitor the animal’s general health. [MED]

5.7.1. weighing animal and recording weight in logbook
6. Tissue Histology 
6.1. Using the described protocol, syngeneic black six mice were transplanted for histopathological examination.  Grafts were stained with hematoxylin/eosin and Sirius red.  Non-transplanted animal sections were used as controls.

6.1.1. LAB MEDIA: Figure 3 panel A 

6.2. Compared to controls, prolonged ischemia-reperfusion resulted in a strong inflammatory reaction with tissue edema, hyperemia, infiltrating leukocytes as indicated with stars, and microvascular occlusion. 

6.2.1. LAB MEDIA: Figure 3 Panel B

6.3. Sirius red staining showed marked interstitial collagen deposition indicated by the arrows.

6.3.1. LAB MEDIA: Figure 3 Panel D 

6.4. Such collagen depositions were not seen in the controls.

6.4.1. LAB MEDIA: Figure 3 panel C 
7. Conclusion 
7.1. T Ratschiller: This transplantation model is a valuable tool in transplant and cardiovascular research. It is especially useful to investigate myocardial ischemia-reperfusion injury. 
7.2. T Ratschiller: Before starting with experiments be sure that you can perform this technique with reproducible operative results as this may otherwise be a major bias. Anastomoses and therefore warm ischemia time should be limited to less than 20 minutes.
List of Provided Media (provided by you)
Make a listing of your media filenames here, so there is no confusion about which files the video editors should use. 
Please list all images, movie files (including screen captures) and animations that you are providing to be included in this video.  List the step in the script, the file name and a brief description.  For example:

5.1 –  51234_Figure1_panelA.tif -  dual color imaging of tumor angiogenesis at 40X 

5.2 –  51234_Figure1_panelB.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.  

GENERAL PREPARATION NOTES
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.
 2015, Journal of Visualized Experiments


