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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) N Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) Y
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: 3.2, 3.3, 3.12, 3.18, which involve vascular anastomosis

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Performing a proper anastomosis on the transplantation sites to prevent hemorrhage. 

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 investigate the cellular and molecular mechanisms underlying neotissue formation, valve thickening, and stenosis development within a tissue engineered heart valve. (Intro) This is accomplished by first harvesting the pulmonary heart valve from donor mouse heart tissue. (P1) In the second step, the entire heart is harvested from a second donor. (P2) The donor pulmonary heart valve is then implanted onto the donor heart (P3) and the heart with the new heart valve is heterotopically transplanted into a recipient mouse. (P4) Ultimately, the function of the transplanted heart and blood flow through the pulmonary valve can be monitored with a high frequency ultrasound system in the pulse-wave Doppler mode. (P5)
from 1. 51695_Breuer_schematic overview.pptx

(P1) show donor mouse on left with blue/purple heart valve on mouse’s chest, then have heart valve move into tube
(P2) show donor mouse on left with red heart valve on mouse’s chest, then have heart move into tube
(P3) have test tube fade away/zoom into red heart, then have blue heart valve appear and attach to heart (like big heart graphic)
(P4) have heart valve/heart shrink down and “implant” into recipient mouse on right
(P5) 4.3.1_51695_Breuer_Figure3A.tif 
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Christopher Breuer: The main advantage of this technique over existing methods, like large animal or human clinical models, is that there is a wide range of molecular reagents available for mouse studies that allow the analysis of the cellular and molecular mechanisms underlying neotissue formation, valve thickening, and stenosis development.

1.2. Yong-Ung Lee: Generally, individuals new to this method will struggle, because of the complexity of the survival microsurgery.

1.3. Tai Yi: Visual demonstration of this method is critical, as the proper anastomosis on the transplantation sites are difficult to learn and because it is difficult to perform anastomosis on small caliber vessels without hemorrhage.   

Protocol (read by voice talent at JoVE):
2. Donor pulmonary valve and heart tissue preparation
2.1. To harvest the donor pulmonary heart valve, first clip the chest area of a 6-8 week old female donor C57BL/6 mouse and place the mouse in a dorsal recumbent position.
2.1.1. WIDE: Few seconds shot of Talent at bench, clipping chest (Videographer: get more Talent than mouse in shot) (Euthanasia: Ketamine, 200mg/kg and xylazine, 20mg/kg overdose) 
2.1.2. CU: Few seconds mouse being placed into position
2.2. After making a thoracotomy, expose the heart, make a small cut on the right atrium, and perfuse the left ventricle with ice-cold saline. 
2.2.1. SCREEN: Shot of mouse abdomen, the heart being exposed, then cut being made on right atrium

2.2.2. SCREEN: Few seconds left ventricle being perfused with saline
2.3. Next, blunt dissect the pulmonary artery from the ascending aorta and then cut out the pulmonary valve along with a 2 mm cuff of the pulmonary artery and store the pulmonary valve in a cold heparin and saline solution for up to 2 hours before transplantation onto the donor heart. 
2.3.1. SCREEN: Few seconds pulmonary artery being blunt dissected from ascending artery aorta, cut ascending aorta and pulmonary artery. 
2.3.2. SCREEN: Few seconds PV being removed with 2 mm cuff (Video Editor: If possible, indicate 2 mm cuff when mentioned)
2.3.3. MED: Talent placing cuff in heparin/saline (TEXT: Discard rest of heart tissue)
2.4. To harvest the donor heart, after performing a thoracotomy on a euthanized 6-8 week old female donor C57BL/6 mouse as just demonstrated, bluntly separate the heart, inferior vena cava, superior vena cava, ascending aorta, pulmonary artery and pulmonary vein.  
2.4.1. MED – over the shoulder: Few seconds shot of Talent at microscope performing thoracotomy  (Videographer: Get more Talent than mouse in shot)
2.4.2. [combined with 2.5.1] SCREEN: Few seconds shot then FREEZE FRAME of heart/mouse abdomen, then few seconds tissues being blunted dissected (Video Editor: If possible, please indicate with text and/or arrows the “heart”, “IVC”, “SVC”, “ascending aorta”, “PA” and “pulmonary vein” during freeze frame)
2.5. Perfuse the inferior vena cava with ice-cold sterile saline and then ligate the inferior vena cava, superior vena cava, and pulmonary vein with 6-0 silk suture. 
2.5.1. SCREEN: Few seconds IVC being infused with saline
2.5.2. SCREEN: Few seconds suture being placed
2.6. Then cut superior to the ligatures, cut the aorta and pulmonary artery with a 2 mm cuff, and cut out the pulmonary valve. 
2.6.1. SCREEN: Cut being made superior to ligatures
2.6.2. SCREEN: Few seconds aorta and PA being cut (Video Editor: If possible, indicate 2 mm cuff when mentioned)
2.6.3. SCREEN: Few seconds PV being cut (TEXT: Discard PV)
3. Heart valve transplantation and heterotopic heart transplantation 
3.1. To transplant the pulmonary heart valve onto the donor heart, first place the valve into the donor heart and orient the tissue. 
3.1.1. WIDE: Few seconds Talent at microscope placing valve into donor heart
3.1.2. SCREEN: Shot of heart with valve in place, then heart being oriented
3.2. Next use 10-0 monofilament sutures on tapered needles to place a stitch on the right side of the valve to secure it. Then place 5-6 continuous stitches along the other side of the pulmonary valve. 
3.2.1. SCREEN: Few seconds stitch being placed on right side of valve with 10-0 monofilament sutures
3.2.2. SCREEN: Few seconds continuous stitches being placed on other side of valve
3.3. After finishing the front of the valve, rotate the heart horizontally and suture the back of the pulmonary valve onto the donor heart. Then ligate the pulmonary vein of the donor heart and extract the heart.
3.3.1. SCREEN: Shot of fully stitched front of valve, then heart being rotated horizontally
3.3.2. SCREEN: Few seconds back of valve being stitched
3.3.3. SCREEN [added]: Pulmonary vein being ligated then the heart being extracted
3.4. Then place the heart in a cold heparin-saline solution for up to 2 hours before implantation into the recipient mouse.
3.4.1. MED: Talent placing heart in heparin/saline solution
3.5. Now confirm sedation of a 6-8 week old female recipient C57BL/6 mouse by toe pinch, and then after clipping the abdominal hair and lubricating the eyes with sterile ophthalmic ointment, place the mouse in a dorsal recumbent position. 
3.5.1. ECU: Shot of mouse’ toe being pinched (TEXT: Anesthesia: Ketamine, 100mg/kg and xylazine 10mg/kg; Analgesia: ketoprofen 5mg/kg)
3.5.2. MED: Talent placing mouse in dorsal recumbent position (Videographer: Get more Talent than mouse in shot)
3.6. Disinfect the abdomen with betadine and alcohol pads and cover the mouse with a sterile drape, leaving the incision area only exposed. 
3.6.1. CU: Few seconds shot of just mouse’s abdomen being disinfected with betadine
3.6.2. CU: Few seconds shot of just mouse’s abdomen being cleaned with alcohol pads
3.6.3. CU: Shot of mouse abdomen being covered with sterile drape
3.7. Next make a midline laparotomy incision from below the xyphoid to the suprapubic region. Then insert a self-retaining retractor and wrap the intestines in saline moistened gauze. 
3.7.1. SCREEN: Few seconds laparotomy incision being made
3.7.2. SCREEN: Few seconds retractor being inserted
3.7.3. SCREEN/CU: Few seconds intestines being wrapped with gauze
3.8. Bluntly define the infrarenal aorta and vena cava. Then place two 6-0 silk sutures and ligate proximally … and distally around the aorta and inferior vena cava to restrain the blood circulation.  
3.8.1. SCREEN: Few seconds infrarenal aorta and/or vena cava being blunt dissected (Video Editor: If possible, please indicated “infrarenal aorta” and “vena cava” when mentioned with text and/or arrows)
3.8.2. SCREEN: Few seconds suture being placed and being ligated proximally
3.8.3. SCREEN: Few seconds suture being placed and being ligated distally
3.9. Place the donor heart on the right side of the abdominal aorta and cover it with sterile gauze. 
3.9.1. SCREEN: Donor heart being placed, then covered with sterile gauze (Split action into separate shots as necessary)
3.10. Moisturize the gauze with saline and then use a 30 gauge needle to make an aortotomy in the abdominal aorta. 
3.10.1. SCREEN: Shot of gauze being moistened, then few seconds aortotomy being made
3.11. Extend the opening with scissors to the size of the donor aorta and then use sterile 10-0 monofilament sutures on tapered needles to perform an end-to side anastomosis.
3.11.1. SCREEN: Few seconds opening being expanded with scissors
3.11.2. SCREEN: Few seconds anastomosis being performed
3.9    Use a 30 gauge needle to make an aortotomy in the abdominal aorta and venotomy in the inferior vena cava.


3.9.1.  Few seconds aortotomy and venotomy being made 
3.10    Extend the opening with scissors to the size of the donor aorta and pulmonary artery.
3.10.1  Few seconds opening being expanded with scissors. 
3.11   Place the donor heart on the right side of the abdominal aorta and cover it with moisturized sterile gauze and moisturize it.

3.11.1. SCREEN: Donor heart being placed, then covered with sterile moisturized gauze 
3.12. Secure the donor aorta with one stitch on the proximal end of the opening in the abdominal aorta, and then place 4-5 continuous stitches from the distal end of the abdominal aorta.
3.12.1. SCREEN: Few seconds stitch being placed at proximal end
3.12.2. SCREEN: Few seconds stitch(es) being placed at distal end
3.13. Flip the heart to the left side, cover it with saline infused gauze, and suture the distal end of the abdominal aorta with 4-5 more continuous sutures.
3.13.1. SCREEN: Heart being flipped to left side, then covered with gauze (Split action into separate shots as necessary)
3.13.2. SCREEN: Few seconds distal end being sutured
3.14. Next use the 30 gauge needle to make a venotomy in the inferior vena cava and extend the opening to the size of the donor pulmonary artery. 
3.14.1. SCREEN: Few seconds venotomy being performed in inferior vena cava (Combine 3.14.1. and 3.14.2. into one shot as appropriate)
3.14.2. SCREEN: Few seconds opening being extended to size of donor PA (Combine 3.14.1. and 3.14.2. as appropriate)
3.15. Then use sterile 10-0 monofilament sutures on tapered needles to perform an end-to-side anastomosis. 
3.15.1. SCREEN: Few seconds anastomosis being performed
3.16. Secure the donor pulmonary artery with one stitch on the proximal end of the opening in the inferior vena cava, and then place 4-5 continuous stitches from the distal end of the inferior vena cava. 
3.16.1. SCREEN: Few seconds donor PA being secured with stitch on proximal end of IVC
3.16.2. SCREEN: Few seconds continuous stitches being placed at distal end of IVC
3.17. This time, because the aorta is in the way, make sure the suturing of the left wall of the donor pulmonary artery is on the inside of the inferior vena cava. 
3.17.1. SCREEN: Shot of suturing on left wall inside of IVC (Video Editor: Maybe add arrow or circle or otherwise indicate suturing on left wall when mentioned)
3.18. Then flush the inferior vena cava lumen with heparin and saline solution. Close the right wall of the donor pulmonary artery and recipient inferior vena cava with continuous sutures to the distal end. 
3.18.1. SCREEN: Few seconds lumen being flushed with heparin/saline
3.18.2. SCREEN: Few seconds right wall being closed with continuous sutures
3.19. Now remove the distal ligature and apply a topical absorbable sterile hemostat agent to control the hemorrhage. When the hemorrhage stops completely, remove the proximal suture and control the second hemorrhage in the same way. The transplanted heart will start to beat within 5 minute after successful anastomosis.
3.19.1. SCREEN: Few seconds distal ligature being removed
3.19.2. SCREEN: Few seconds topical hemostat agent being applied to hemorrhage
3.19.3. SCREEN: Few seconds proximal suture being removed
3.19.4. SCREEN: Few seconds topical hemostat agent being applied to hemorrhage
3.19.5. SCREEN [added]: few seconds beating heart
3.20. Then return the intestines and use 6-0 sutures to close the abdominal musculature … and skin in two layers.
3.20.1. SCREEN: Intestines being placed back into abdomen
3.20.2. SCREEN: Few seconds muscles being sutured
3.20.3. SCREEN: Few seconds skin being sutured
3.21. Finally, subcutaneously inject 0.5 ml of saline and place the mouse in a recovery cage on a warming pad until the animal is fully mobile. 
3.21.1. CU: Shot of saline being injected
3.21.2. MED: Talent placing mouse into cage with warming pad (Videographer: More Talent than mouse in shot)
3.22. Upon recovery, place the mouse alone until fully recovered in a new cage with paper bedding and administer pain medication drinking water for 48 hours.
3.22.1. CU: Shot of recovered mouse being placed into cage with paper bedding
3.22.2. CU: Water bottle being placed onto cage lid (TEXT: Ibuprofen, 30mg/kg) OR CU: Ibuprofen being added to bottle of water
4. Results: Representative transplanted heart valve data
4.1. In these images, the implanted heart in the abdominal space right after heart transplantation and 5 minutes after transplantation are shown. Upon removing the sutures on both sides of the aorta and inferior vena cava, the heart begins to beat within 1-2 minutes and becomes pinker as the blood begins to circulate. Note the greater dilation in the right atrium as the heartbeat gradually grows stronger and becomes stable after 24 hours. 
4.1.1. LAB MEDIA: Figure2.tif 
(Video Editor: with “the implanted … after heart transplantation” please highlight the middle panel/left image; 

with “and 5 minutes after transplantation” please highlight the right panel/right image; 

with “Note .. 24 hours” please indicate the right atrium [lower half of heart in right panel/right image])
4.2. The blood flow through the implanted pulmonary valve can be measured percutaneously 10 days after implantation using a high frequency ultrasound system with a pulsed-wave Doppler mode. The locations of the aorta, right ventricle, implanted pulmonary valve, and pulmonary artery in B mode can be observed. 
4.2.1. LAB MEDIA: 4.3.1_51695_Breuer_Figure3A.tif 
(Video Editor: with “aorta” please add/highlight/indicate the “aorta” text and accompanying arrow; 

with “right ventricle” please add/highlight/indicate the “RV” text and accompanying arrow; 

with “implanted pulmonary valve” please add/highlight/indicate the “PV” text and accompanying arrow; 

with pulmonary artery” please add/highlight/indcate the “PA” text and accompanying arrow)
4.3. The yellow sample volume overlay is located on the implanted PV as illustrated in the schematic. 
4.3.1. LAB MEDIA: 4.4.1_51695_Breuer_Figure3B.tif (Video Editor: with “yellow … overlay” please add/highlight/indicate the yellow lines; with “on the implanted PV” please add/highlight/indicate the “PV” text and accompanying arrow)
4.4. As indicated in the graph, the donor heart QRS wave is detected rhythmically and independently of the recipient heart wave, with a peak velocity of around 100 mm/s.  
4.4.1. LAB MEDIA: 4.4.1_51695_Breuer_Figure3C.tif 
(Video Editor: with “donor heart QRS … rhythmically” please add/highlight/indicate/flash pink arrows and “Donor QRS wave”; 

with “independently … wave” please indicate the grey “cloudy” upside down triangle waves/peaks at the top of the graph; 

with “with a peak … 100 mm/s” please indicate the peaks of the recipient cloudy waves and/or make a line across at 100 mm/s or similar to highlight the 100 mm/s value on the y-axis across the graph)
5. Conclusion (said by authors on camera)
5.1. Tai Yi: While attempting this procedure, it’s important to remember to completely stop any hemorrhaging at the pulmonary valve transplantation site or at the anastomosis on the donor aorta to the recipient abdominal aorta.

5.2. Yong-Ung Lee: Following this procedure, other methods like transplantation of tissue engineered heart valves onto transgenic mice, can be performed to answer additional questions about the source of the cells populating the diseased heart valve.
5.3. Christopher Breuer: After watching this video, you should have a good understanding of how to harvest pulmonary heart valves and of how to perform heart valve and heterotopic heart transplantation in a mouse model.

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.  

1. 51695_Breur_schematic overview.pptx
Figure2.tif – microscopic pictures of the transplanted heart @ 7.5x

4.3.1_51695_Breuer_Figure3A.tif - - B-mode image of the transplanted heart.

4.4.1_51695_Breuer_Figure3B.tif – A diagram of the anatomy and location of the sample volume overlay. 

4.4.1_51695_Breuer_Figure3C.tif - Velocity measurement at the implanted pulmonary valve with ECG wave.
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.
( 2011, Journal of Visualized Experiments


