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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)   No   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)  No   
C.  Which steps of your protocol will viewers benefit most from having filmed?

In italics.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

 Ensure and maintain a good reperfusion of the kidney graft.
E.  Will the filming need to take place in multiple locations? (Y/N)   No
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this surgical procedure is to reliably perform a heterotopic renal autotransplantation in a porcine model providing good renal graft function. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Moritz Kaths: This video and the accompanying manuscript can help answer key questions in how to perform heterotopic renal autotransplantation in a porcine model.
1.2. Moritz Kaths: The main advantage of this video is that it provides all important key actions and highlights the differences between the porcine and the clinical model to ensure adequate renal graft function after transplantation.   

E.  Ethics title card:
1.3. All animals received humane care in compliance with the ‘‘Principles of Laboratory Animal Care’’ formulated by the National Society for Medical Research and the ‘‘Guide for the Care of Laboratory Animals’’ published by the National Institutes of Health. The Animal Care Committee of the Toronto General Research Institute, Ontario, Canada, approved all studies. 
Protocol (read by voice talent at JoVE):
2. Preoperative Procedure
2.1. After anesthetizing the pig and preparing it on the OR table, [2.1.1-WID] expose the vocal cords using a laryngoscope.  [2.1.2-ECU/CU] Spray the cords with a 2% lidocaine solution to prevent intubation-induced spasms.  [2.1.2-CU]
2.1.1. Establish the OR set up with pig ready, preparing the laryngoscope - Videographer, I’ve removed all but the first establishing shot to help limit the load on you, but if possible, get an establishing WID shot for each section.
2.1.2. Using laryngoscope to get a view of vocal cords

2.1.3. Accessing and spraying the vocal cords
2.2. Then, intubate the pig with a 6.5-mm tube and block the cuff with three to five mL of air.  [CU]
2.2.1. Introducing tube and blocking cuff
2.3. Regulate the vaporizer and confirm a deep anesthesia before proceeding. [MED/TEXT]

2.3.1. Adjusting the gas and testing for deep anesthesia, TEXT: See the text protocol for details.
2.4. Once anesthesia is confirmed, introduce a 9.5 French single lumen catheter into the jugular vein using the Seldinger technique.  This entails puncturing the vein, introducing a guide wire, replacing the needle with a peel-away introducer, and replacing the wire with the catheter. [CU/ECU]
2.4.1. Film as written (Seldinger technique)
2.5. Next, secure the catheter using 3-0 silk suture.  [ECU]
2.5.1. Film as written
2.6. Throughout the surgery make use of the catheter to introduce a cocktail of antibiotics and analgesics. [MED/TEXT]
2.6.1. Preparing the drug cocktail and connecting it to catheter, TEXT: 500 mg metronidazole, 1 g cefazolin, 20 mg pantoprazole, 2,5 mL of fentanyl citrate, 250 mL D5W / hour)
2.6.2. [added] Connecting line to catheter.
2.7.  Also, apply vet ointment to the pig’s eyes to prevent dryness. [MED]

2.7.1. applying ointment to one of eyes
3. Kidney Removal
3.1. Following sterile disinfection and coverage of the surgical field, perform a 25-cm long midline incision and insert a retractor. [3.1.1-CU]
3.1.1. Film as written Starting incision with cutting of the skin
3.1.2. [added] Finalizing incision with cutting abdominal wall caudal.

3.1.3. [added] Inserting retractor.
3.2. Cover the large and small bowels with a towel and position them to the left side for optimal access to the right kidney. [CU]
3.2.1. Film as written
3.3. Now, free the ureter and the right kidney itself from adherent tissue using the cautery. [CU/ECU]

3.3.1. Film as written, zoom in on cautery as needed Freeing the ureter.
3.3.2. Freeing adherent tissue.
3.4. Next, dissect the right renal vein and artery using the cautery until they are freed from their origins in the inferior vena cava and the aorta. [ECU]

3.4.1. Film as written
3.5. To avoid arterial vasospasm, it may be helpful to administer 30 to 65 mg of papaverine. [MED]
3.5.1. Preparing papaverine and providing it to pig
3.6. After completing the renal dissection, tie off the ureter with 3-0 silk suture and cut the ureter distally.  [ECU]
3.6.1. Film as written
3.7. At this time, prepare a bowl of ice and a sterile organ bag. [MED]
3.7.1. Preparing ice bowl and organ bag to side of surgery 
3.8. To collect the kidney, first, clamp the renal artery close to the aorta.  Second, clamp the renal vein close to the vena cava.  Use vessel clamps.  [ECU]
3.8.1. Film as written

3.9. Next, resect the kidney graft and put it on ice.  [CU]

3.9.1. Film as written Resecting the kidney graft.

3.9.2. [added] Placing kidney in bag on ice.

3.10. Now, immediately cannulate the renal artery with a renal artery cannula, use 500 mL of ice-cold HTK solution to flush out the blood and store the kidney on ice until transplantation. [MED]
3.10.1. [added] Cannulation of renal artery with a renal artery cannula.

3.10.2. Flushing kidney with HTK. 
3.10.3. Placing kidney in bag and putting bag on/in ice, TEXT: histidine-tryptophan-ketoglutarate (HTK)
3.11. In situ, close the remaining renal artery with a silk 2-0 ligature and close the renal vein with running prolene, 6-0 suture.  After dealing with any bleeding, close the abdomen and skin. [ECU]
3.11.1. [added] Closing artery with 2-0 silk ligature.

3.11.2. Film as written Closing renal vein with running prolene 6-0 suture, closing abdomen and skin do not need to be filmed
3.12. Next, fix the venous catheter subcutaneously with a 3-0 silk suture and tunnel it into the pig’s back to prevent any unwanted manipulation. 
3.12.1. Sewing catheter to pig and embedding catheter in skin Cannulation of catheter subcutaneously.
3.13. After placing the pig prone, suture the catheter firmly to the skin. [MED]
3.13.1. Sewing the embedded catheter down to the pigs back. (Please take most fluent sewing; I think it was the last take (take 3).
4. Kidney Graft Autotransplantation, Part I
4.1. After anesthetizing the pig and sterile disinfection of the surgical site, make a 4-cm cut next to the trachea and dissect the tissue to expose the carotid artery.  Pass over-holt forceps around the artery to position a 2-0 silk suture. [ECU]
4.1.1. Film as written 4 cm cut in the skin next to the trachea.
4.1.2. [added] Carotid artery exposed, using over-holt forceps to place 2-0 silk suture around.
4.2. Then, use the Seldinger technique to introduce a plastic catheter to continuously measure the arterial pressure throughout the surgery.  [ECU]
4.2.1. Film as written 
4.3. Following this, reopen the abdominal cavity, as before. [CU]
4.3.1. Film as written (like 3.1.2), previous incision marks should be visible / cutting fascia sutures.
4.4. Now, transplant the preserved kidney graft end-to-side to the infrarenal vena cava and aorta. [MED]
4.4.1. Unpacking kidney and briefly positioning the kidney to show approximately how it will be attached we demonstrated the area were the kidney is going to be. For a transplant, it wouldn’t be appropriate to take the kidney off ice to see where it is going to be positioned.
4.5. To do this, dissect five to eight centimeters of the vena cava and aorta above the iliac bifurcation using pickups and the cautery.  Try to avoid the lymphatic vessels; close them with 5-0 prolene sutures, as needed.  [ECU]
4.5.1. Film as written, follow action as needed
4.6. Check for bleeding and remove any remaining tissue from the vessels.  The goal is to expose enough vessel to place Satinsky clamps. [CU/ECU]
4.6.1. Film as written – zoom in on fine actions as needed
4.7. Next, resect the contralateral kidney. First, position the bowel to the right.  [MED]

4.7.1. Preparing to remove the kidney

4.8. Next, dissect the ureter, the kidney itself, the renal vein, and the renal artery from the surrounding tissue.  Then, tie the ureter and blood vessels.  [ECU/CU]
4.8.1. Film as written, zoom in on finer details as needed (numerous shots taken to demonstrate 1) dissection of ureter, 2) blood vessels, and tying of ureter and blood vessels)
4.9. Now, resect the kidney and check for bleeding.  [MED]
4.9.1. Removing kidney and checking for bleeding

4.10. Then, reposition the bowel to expose the infrarenal aorta and vena cava. [CU]
4.10.1. Film as written
4.11. Inject heparin and wait for at least two minutes. [MED/TEXT]
4.11.1. Preparing and injecting heparin, TEXT: 100 IU / kg body weight
5. Kidney Graft Autotransplantation Part 2: Anastomoses
5.1. [added] Take the kidney graft and wrap it in a cloth with sterile ice. 

5.1.1. [added] Film as written.

5.2. Begin with the venous anastomosis. Use a Satinsky clamp to completely clamp the vena cava.  Then, with a number 11 blade, make a slit incision that is the same size as the opening of the renal vein. Pott scissors can be used to extend the slit as needed. [CU]
5.2.1. Film as written
5.3. [moved from 5.5] Use two double-armed 6-0 prolene sutures to perform a cranial and a caudal corner stitch. [ECU]

5.3.1. [moved from 5.5.1] Film as written, shift camera position from suture to suture

5.4. Now, remove the pig's kidney from the ice and position it into the surgical field. [MED]. Perform a cranial and a caudal corner stitch to the graft.
5.4.1. Film as written Positioning of the kidney.
5.4.2. [added] Performing the cranial stitch to the donor graft. 

5.5. [moved to 5.3] Use two double-armed 6-0 prolene sutures to perform a cranial and a caudal corner stitch. [ECU]
5.5.1. [moved to 5.3.1] Film as written, shift camera position from suture to suture

5.6. Next, approximate the kidney.  Tie the upper corner and perform a running suture using 6-0 prolene, starting with the back wall.  At two-thirds of the way, use the other end of the tie to complete the suture at the front side.  [CU]
5.6.1. Suturing the kidney into position, film as written Approximating the kidney and tying the upper corner.
5.6.2. [added] Performing running suture stitches.
5.7. After tying the cranial stitches, tie the stitches at the caudal corner. [ECU]
5.7.1. A few more sutures, film as written

5.8. Now, position a bulldog clamp on the renal vein, open the Satinsky clamp and check the venous anastomosis for bleeding.   [CU]
5.8.1. Placing bulldog clamp and opening Satinsky clamp
5.9. Place the Satinsky clamp on the aorta.  Then, make a slit incision matching the opening of the renal artery - use a number 11 blade.  Follow with a 4-mm round punch to clear the opening. [CU]
5.9.1. Film as written
5.10. Next, using one 6-0 prolene suture, starting from the recipient side, perform the anastomosis. The arterial endothelium must be included in each suture to prevent a dissection.  [ECU]

5.10.1. As written, make sure the suturing is well filmed First, corner stitch at the recipient side was filmed.
5.10.2. [added] Second, after having done a few stitches, a few stitches demonstrating the parachute technique were filmed.

5.11. Meanwhile, start a continuous drip of 10 mL of norepinephrine diluted in 500 mL of Ringer’s lactate. [5.10.1-CU]  Titrate this to keep the systolic pressure above 100 millimeters of Mercury. [5.10.2-MED]
5.11.1. Setting drip, film dripping, TEXT: 16 mg norepinephrine / 250 mL)
5.11.2. Talent reading blood pressure and adjusting drip speed at same time

5.12. Before completing the arterial anastomosis, verapamil can be provided intra-arterially. [CU]
5.12.1. Preparing and giving verapamil bolus to the pig
5.13. After completing the anastomosis, position a bulldog clamp on the renal artery, open the Satinksy clamp and check for bleeding. [CU]
5.13.1. Film as written
5.14. Now, further unwrap the kidney and remove the ice.  Open the venous bulldog clamp first, followed by the arterial bulldog clamp. [CU]
5.14.1. [5.14.1 to 5.16.1 combined] Film as written
5.15. Position the kidney to maintain a homogenous re-perfusion. [MED/CU]
5.15.1. Film as written, focus on the most important aspect of positioning the kidney as indicated by the talent
5.16. Be sure to administer papaverine topically to the vessel to prevent vasospasm. [MED]

5.16.1. Preparing and delivering papaverine to surface of vessel
5.17. After the re-perfusion, urine production should start immediately. [CU]
5.17.1. Film an indication of urine production, if available, if not, tie narrative to the previous shot
5.18. Now, perform the ureteral anastomosis. Begin with using Pott scissors to open the ureter on the graft over a longitudinal length of 0.5 cm.  Do the same to the recipient ureter. [ECU]
5.18.1. Film this stitching carefully, as written - the other animal’s ureter does not need to be filmed
5.19. Then, use two 6.0 PDS sutures for a side-to-side ureteral anastomosis. Perform a corner stitch on each side, then suture the front wall in a continuous manner. Continue by turning the anastomosis to expose the back wall and continuing the suture. [CU/ECU]
5.19.1. Stitching ureters together, accessing back wall of ureter and continuing sutures use take 2
5.19.2. [added] Demonstrating some back wall stitches.
5.20. After completing the anastomosis, check for bleeding. [MED/CU]
5.20.1. Talent looking for bleeding, mopping as needed with tissue/cotton
5.21. Now, close the abdominal wall with two monofil 1 sutures.  Follow by closing the skin with 3-0 silk sutures. [CU]
5.21.1. Film as written
5.22. Continuously maintain the pig’s systolic pressure above 100 millimeters of Mercury by carefully titrating the norepinephrine. This is a crucial step to the procedure. [MED]
5.22.1. Checking the blood pressure and adjusting norepinephrine drip
5.23. Keep monitoring the systolic blood pressure until the pig is put into a prone position. [WID]
5.23.1. Pig is made prone
6. Results: Post-operative Blood Analysis and Gross Histology
6.1. Four renal autotransplantations were performed. After the initial graft retrieval, the grafts were stored on ice for 7.5 hours.  After weaning the pigs from the ventilator, they were recovered from surgery and followed up on for 10 days.  

6.1.1. Figure 1

6.2. From the blood samples serum creatinine and blood urea nitrogen values were estimated.  [6.2.1] For comparison, the result from one allotransplanted kidney graft is presented. The measured values were good.  [6.2.2] Acid-base hemostasis and electrolyte levels were also stable without intervention. [6.2.3] [6.2.4]
6.2.1. Figure 2 – creatine

6.2.2. Figure 3 – BUN
6.2.3. Figure 4 - pH

6.2.4. Figure 5 -  electrolytes - Pace the four figures out evenly, let narrative lag a little, so each graph has even time.  The last two relate to the last sentence in the narrative.
6.3. Histological examination showed preserved tubulointerstitium in the autotransplanted kidney.

6.3.1. Figure 6

6.4. Whereas the allotransplanted kidney showed diffuse interstitial inflammation, tubulitis, and glomerulitis.

6.4.1. Figure 7
7. Conclusion (said by authors on camera)
7.1. Moritz Kath: After watching this video, you should have a good understanding of how to perform heterotopic renal autotransplantation in a porcine model.  To ensure good renal function after kidney transplantation the key differences in surgical technique compared to the human setting were demonstrated.
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, .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.  

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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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