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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
2.5., 3.1., 4.7., 4.8., 6.3., 6.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1., 6.5.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Xuchun Chen: The rat orthotopic liver transplantation model is a powerful tool for studying multiple aspects of liver transplantation, from the immune response and infection to technical aspects of the procedure [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Xuchun Chen: The main advantages of this technique are that it can reduce complications, better represent human liver transplantation, and improve recipient survival [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Manmeet Sekhon: This modified rat orthotopic liver transplantation protocol closely mimics aspects of human liver transplantation and will serve as a valuable and clinically relevant research model [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Manmeet Sekhon: It is our hope that through this visual demonstration, viewers can learn all of the details and shorten the learning curve for mastering the microsurgery skills required for this technique [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University Healthy Network (UHN).


Section - Protocol
2. Donor Liver Harvest
2.1. After injecting 300 international units of heparin sodium into the intrahepatic inferior vena cava of an anesthetized 12-14-week-old rat [1-TXT], make a 5-millimeter incision below the bile duct bifurcation [2-TXT] and insert the bile duct stent into the common bile duct [3].
2.1.1. WIDE: Talent injecting heparin Videographer: More Talent than rat in shot TEXT: Anesthesia: 2% isoflurane
2.1.2. Incision being made TEXT: See text for full donor preparation and surgical procedure details
2.1.3. Stent being inserted
2.2. Secure the stent with one 7-0 silk ligature 1 millimeter above the incision [1] and one ligature 10 millimeters below the bifurcation [2].
2.2.1. Suture being placed 1 mm above incision
2.2.2. Suture being placed 10 mm below bifurcation
2.3. Cut the bile duct between the two ties [1] and expose the proper hepatic artery [2].
2.3.1. Duct being cut
2.3.2. HA being exposed

2.4. Divide the gastroduodenal artery between two 7-0 silk ligatures [1] and expose the left gastric artery, splenic artery, and celiac trunk [2].

2.4.1. GDA being divided
2.4.2. Vessels being exposed

2.5. Then cut the left gastric artery, splenic artery, and celiac trunk between the artery ties [1] and use a 20-milliliter syringe equipped with a 21.5-gauge needle to slowly inject 20 milliliters of 4-degree Celsius Ringer’s lactate solution into the portal vein [2].

2.5.1. Vessels being cut Videographer: Important step
2.5.2. Solution being injected Videographer: Important step

3. Donor Liver Preparation 

3.1. To prepare the donor liver, cut open the bifurcation [1] of the celiac trunk, splenic artery, and left gastric artery to form a larger arterial sleeve cuff [2] and insert the 1.5-millimeter-length, 24-gauge arterial stent into the donor common hepatic artery via the cuff [3].

3.1.1. WIDE: Talent opening bifurcation Videographer: More Talent than rat in shot
3.1.2. Bifurcation being opened Videographer: Important/difficult step
3.1.3. Stent being inserted Videographer: Important/difficult step

3.2. Then secure the stent with an 8-0 polypropylene ligature [1] and flush the stent with Ringer’s lactate solution [2].

3.2.1. Suture being placed
3.2.2. Stent being flushed 

4. Recipient Liver Excision

4.1. After exposing the portal vein of a 12-14-week-old rat recipient [1-TXT], divide the recipient bile duct 0.5 centimeters below its hilar bifurcation [2-TXT] and insert a bile duct stent into the distal common bile duct [3].

4.1.1. WIDE: Talent exposing PV Videographer: More Talent than rat in shot TEXT: See text for full recipient preparation and surgical procedure details
4.1.2. BD being divided TEXT: Anesthesia: 5-2% isoflurane
4.1.3. Stent being inserted
 
4.2. Expose the left, middle, and right hepatic arteries [1] and tie the vessels distal to the hepatic artery bifurcation [2].

4.2.1. Vessels being exposed
4.2.2. Vessels being tied

4.3. Cut the arteries close to the liver, above the ties [1], and place a long, thin piece of gauze behind the suprahepatic inferior vena cava [2].

4.3.1. Arteries being cut
4.3.2. Gauze being placed

4.4. Place a 3D-printed intrahepatic vena cava holder behind the intrahepatic vena cava [1] and use a 10-0, non-absorbable monofilament suture to sew the ends of the 3D-printed “handle” together [2].

4.4.1. Holder being placed
4.4.2. Handle ends being sewn together  

4.5. Loosely tie a 7-0 silk ligature below both the 3D-printed holder between the intrahepatic vena cava and the portal vein [1] and clamp the intrahepatic vena cava just above the right renal vein below the 3D-printed caval holder [2].

4.5.1. Suture being placed
4.5.2. IVHC being clamped 

4.6. Clamp the portal vein just above the pyloric vein and below the 3D-printed PV holder [1-TXT].

4.6.1. PV being clamped TEXT: Record anhepatic time 

4.7. Using a 3-milliliter syringe with a 27-gauge needle attached, flush 2 milliliters of 37-degree Celsius Ringer’s lactate solution via the bifurcation of the portal vein [1-TXT] and clamp the suprahepatic vena cava above the liver with a Kitzmiller clamp [2].

4.7.1. Solution being flushed Videographer: Important step TEXT: Decrease to 0.5% isoflurane
4.7.2. SHVC being clamped Videographer: Important step

4.8. Then cut below the clamp as close to the liver as possible [1] and cut above the 3D-printed holders for both the portal vein and the intrahepatic vena cava to remove the recipient liver [2].

4.8.1. Vessel being cut below clamp Videographer: Important step
4.8.2. Vessel being cut above holder/liver being removed Videographer: Important step

5. Donor Liver Implantation

5.1. For donor liver transplantation, carefully orient the donor liver within the recipient’s body cavity in such a way that an upper caval anastomosis can be created [1].

5.1.1. WIDE: Talent placing donor liver into recipient Videographer: More Talent than rat in shot

5.2. Insert the portal vein cuff from the donor into the recipient portal vein [1] and tighten the 7-0 silk tie [2].

5.2.1. Shot of liver in place, then cuff being inserted
5.2.2. Tie being tightened

5.3. Remove the atraumatic clamp from the suprahepatic vena cava [1] and remove the microvascular clip for the portal vein [2].

5.3.1. Clamp being removed
5.3.2. Clip being removed

5.4. After re-perfusing the liver with warm blood [1-TXT], insert the donor intrahepatic vena cava cuff into the recipient intrahepatic vena cava [2] and secure the vessel with a 7-0 silk tie [3].

5.4.1. Liver being perfused TEXT: Record end of anhepatic time
5.4.2. [bookmark: _GoBack]Cuff being inserted
5.4.3. Vessel being secured

5.5. Then remove the donor intrahepatic vena cava clip [1] before removing the recipient clip [2].

5.5.1. Donor clip being removed
5.5.2. Recipient clip being removed

6. Anastomoses

6.1. To perform an arterial anastomosis, cut off the portion of the celiac trunk [1] from the donor that extends beyond the stent [2] and clamp the proper hepatic artery of the recipient [3].

6.1.1. WIDE: Talent cutting off portion Videographer: More Talent than rat in shot 
6.1.2. Portion being cut
6.1.3. HA being clamped

6.2. Cut off the tie at the end and any extra tissue surrounding the vessel [1] and use Ringer’s lactate solution to flush the lumens of both the donor and recipient vessel ends [2].

6.2.1. Tie and/or tissue being cut
6.2.2. Lumen(s) being flushed 

6.3. Using a curved needle, place a 10-0 ethilon suture through the left aspect of the donor hepatic artery 2.5 millimeters above the distal orifice of the stent and out through the end of the stent [1].

6.3.1. Suture being placed Videographer: Important step

6.4. Transfix the recipient proper hepatic artery 0.5 millimeters below the vessel orifice from the left side of the vessel to the right side of the artery [1].

6.4.1. Suture being placed 
	
6.5. Place the next suture through the right wall of the donor hepatic artery from the inside to the outside at a distance from the stent orifice identical to the original stitch [1] and pull up on the two ends of the 10-0, non-absorbable monofilament to slip the recipient proper hepatic artery up and into the hepatic artery stent [2-TXT].

6.5.1. Suture being placed Videographer: Important/difficult step
6.5.2. Ends being pulled/HA being pulled into stent Videographer: Important/difficult step TEXT: Observe for pumping blood

6.6. Then tie the 10-0 non absorbable monofilament with itself over the donor hepatic artery [1].

6.6.1. Suture being tied

6.7. Flush both the recipient and donor bile ducts [1] and insert the donor bile duct stent into the recipient bile duct [2].

6.7.1. Vessels being flushed
6.7.2. Stent being inserted

6.8. Then tighten the tie that previously placed around the recipient bile duct [1].

6.8.1. Tie being tightened



Section – Results
7. Results: Representative Liver Transplant Survival and Histopathological Analysis

7.1. In this representative experiment, the non-hepatic artery anastomosis rat orthotopic liver transplant model demonstrated 50 [1] and 37.5% survival rates at 21 days and 60 days post-operation, respectively [2]. 

7.1.1. LAB MEDIA: Figure 6 Video Editor: please emphasize 50% without HA data point at day 21
7.1.2. LAB MEDIA: Figure 6 Video Editor: please emphasize 37.5% without HA data point at day 60

7.2. By contrast, the optimized hepatic artery reconnection procedure significantly increased the long-term survival [1].

7.2.1.  LAB MEDIA: Figure 6 Video Editor: please emphasize with HA data line

7.3. Histological analysis of a representative subset of transplanted animals without hepatic artery reconnection [1] revealed signs of hypoxic liver injury with centrilobular necrosis [2] at days 6 and 13 post-transplant [3].

7.3.1. LAB MEDIA: Figure 7
7.3.2. LAB MEDIA: Figure 7 Video Editor: please emphasize Day 6 Post-LTx:without HA images
7.3.3. LAB MEDIA: Figure 7 Video Editor: please emphasize Day 13 Post-LTx:without HA images

7.4. Extensive liver necrosis was associated with tremendously elevated levels of alanine aminotransferase and aspartate aminotransferase in these animals [1].

7.4.1. LAB MEDIA: Figure 7 Video Editor: please emphasize ALT and AST data in Days 6 and 13 without HA images

7.5. In contrast, transplanted rats with hepatic artery reconnection exhibited no signs of liver injury and histological analysis revealed a normal liver parenchyma structure with organized acini, lobules, arteries, and bile ducts [1].

7.5.1.  LAB MEDIA: Figure 7 Video Editor: please emphasize Days 6 and 13 with HA images

7.6. In addition, histological analysis of the livers from non- hepatic artery reconnection model rats revealed reactive changes after hypoxic liver injury [1], including marked bile duct proliferation, periportal fibrosis and inflammation, and distorted liver parenchyma [2].

7.6.1. LAB MEDIA: Supplemental Figure 2
7.6.2. LAB MEDIA: Supplemental Figure 2 Video Editor: please emphasize 2nd and 4th columns of images



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Catia T. Perciani: This protocol can be adapted to study many immunologic and surgical aspects of liver transplantation and can serve as a model for testing novel therapeutic interventions relevant to transplantation [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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