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Authors, please check the answers to the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.1, 2.3, 3.1, 3.4, 4.1. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._ step 3.8  securing the cannula in the supratruncal aorta in a proper way not to have any leakage can be difficult. You should be careful to have ligated any possible small side branch and have done any vascular reconstruction if needed (in case of aberrant arteries). Secure the cannula with sutures and be careful to close the distal end of the supratruncal aorta properly so there won’t be any leakage. At the same time take care not injure the artery while cannulating.
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor: graphics are in ‘52688_Schematics.tif’ 

The overall goal of this procedure is to perfuse human donor liver grafts ex-situ at body temperature using machine perfusion. (Intro) 

This is accomplished by first preparing the necessary perfusion fluid. (Video editor: show the three bags of liquid that are components of the perfusion fluid) (P1)

The second step is to prime the perfusion device by adding the different components of the perfusion fluid to the machine. (Video editor: show the perfusion machine, and maybe move the three bags on top of the machine) (P2)

Simultaneously the procured liver graft is prepared on the back table to be connected to the perfusion device. (Video editor: animate the red liver moving from the human outline to the container and then show the photo of the liver) (P3)

The final step is to connect the liver to the perfusion device and to start normothermic perfusion. (Video editor: show the second photo of the liver and move it to the top of the perfusion machine) (P4)

Ultimately, changes of the arterial and portal flows displayed on the screens are used to assess hemodynamics of the liver, (Video editor: show the topmost graph) and blood gas analysis of samples taken from the arterial perfusion fluid is used to monitor the pH and oxygenation of the perfusion fluid. (Video editor: add the other two graphs) (P5)

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1.	Dr. Robert Porte: The main advantage of this technique over the existing method of static cold storage is that oxygen and nutrients are provided to the donor liver in a relatively physiological environment at 37°C. This allows the liver graft to maintain a normal metabolic activity during preservation and helps to avoid ischemic and cold-induced injury of the liver. Moreover, viability of the liver graft can be assessed prior to transplantation. 
1.2	This allows the liver graft to maintain a normal metabolic activity during preservation and helps to avoid ischemic and cold-induced injury of the liver. Moreover, viability of the liver graft can be assessed prior to transplantation.
1.3.	Dr. Robert Porte: My PhD student, Alix Matton, will demonstrate the step-by-step procedure of ex-situ normothermic machine perfusion of a human liver graft.
1.3.1. 	Interview style: Author saying the above 
1.3.2.	The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Priming of the perfusion device

2.1. To begin this procedure, add the components of the perfusion fluid to the machine via the connector on top of the oxygenators.  The perfusion fluid is composed of human packed red blood cells, fresh frozen plasma, human albumin and other components. (TEXT: Refer to Table 1 for Perfusion Fluid components) Remove all the air bubbles from the tubing.

Shots:
2.1.1.	WIDE/MED: Talent approaching the machine and then starts to add perfusion fluid via the connector on top of the oxygenators.  
2.1.2	MED/CU: Match action above: perfusion fluid being added.
2.1.2A	MED/CU: Match action above: packed red blood cells being added.
2.1.2B	MED/CU: Match action above: fresh frozen plasma being added.
2.1.2C MED/CU: Match action above: bag of other perfusion fluid components being added.
2.1.3	[moved] MED: Talent removing air bubbles from the tubing.

2.2. Switch on the venous pump and follow the manufacturer’s instructions on the screen. Remove air bubbles form the closed system. 

Shots:
2.1.3.	[moved] MED: Talent removing air bubbles from the tubing.
	2.1.3B	MED: Talent removing air bubbles form the portal venous pump.
	2.1.3C MED: Talent removing air bubbles form bubble trapper with a syringe.
2.2.1. [moved] MED: Talent turning on venous pump, and then pressing the button on the portal side every time “press to continue” is displayed on the screen.  Mean portal venous pressure is set at 11 mmHg.
2.2.2. MED: Talent turning on the arterial pump and then pressing the button on the arterial side every time “press to continue” is displayed on the screen. Mean arterial pressure is set at 70 mmHg.

2.3. Set the mean portal venous pressure at 11 mmHg. (Voiceover: “millimeter mercury”) (TEXT: mean 
portal venous pressure = 11 mmHg). Adjust the set temperature of the device to 37 degrees on the portal side. Adjust the pressure displayed on the pressure meter to zero, so the pressure measured during the perfusion will be the real pressure at the level of the portal vein. Then turn on the arterial pump and follow the manufacturer’s instructions on the screen. Set the mean arterial pressure at 70 mmHg. (TEXT: mean arterial pressure = 70 mmHg). Repeat the nulling procedure on the arterial side of the device.
Shots:
2.3.1. MED: Talent filling the line connecting the pressure meter to vessel inflow with perfusion fluid so there isn’t any air in the tubing.
2.3.4.	[moved]CU: Talent is adjusting the set temperature of the device to 37 degrees on the portal side. 
2.2.1	[moved] Talent turning on the portal venous pump, and then pressing the button on the portal side every time “press to continue” is displayed on the screen.  Mean portal venous pressure is set at 11 mmHg.
2.3.2. MED: Talent turning the transducer valve (when command is displayed on the screen) and then pressing the button to adjust the pressure to zero. Talent turning back the transducer valve and then pressing the button to continue to the next step.
2.3.2B	CU: Countdown of nulling procedure displayed on the device. Editor: edit this in the ‘waiting time’ in shot 2.3.2.
2.3.3 	MED: Talent turning back the transducer valve and then pressing the button to 
continue to the next step.

2.4.	Start the oxygenation using carbogen (TEXT: Carbogen = 95% O₂ + 5% CO₂) at a flow rate of 4 
L/min. The air flow will be divided among the two oxygenators and this should result in an pO₂ (voiceover: “oxygen pressure”) of around 60 kPa in the perfusion fluid. (TEXT: 2 L/min per oxygenator; pO₂ = 60 kPa or 450 mmHg). For longer perfusions, it is advisable to use separate sources of oxygen and carbon dioxide. This allows for small adjustments in the O2/CO2 ratio, which can be used to adjust the pH and pCO2 of the perfusion fluid.

Shots:
2.4.1.	MED WIDE: Talent opening the oxygen valve of the oxygen flow meter to start oxygenation.  A shot of the two oxygenators. Talent opening the oxygen valve and ‘checking’ the air flow through the tubing and from the oxygen and carbon dioxide sources. 
2.4.2. 	CU: A shot of the two oxygenators, with the air flow rate visible, if possible Talent opening the oxygen valve of the oxygen flow meter to start oxygenation.
2.4.3. CU: Shot of the two separate sources of oxygen and carbon dioxide.

2.5.	Check the pH of the perfusion fluid by performing a blood gas analysis. Be sure to discard about 3 mL of perfusion fluid before taking a sample, as this fluid is in the peripheral tubing and does not represent the perfusion fluid in the system. Add an 8.4% sodium bicarbonate solution for buffering capacity, aiming for a physiological pH. Typically 15-30 mL of 8.4% sodium bicarbonate solution is added at this stage. 

Shots:
2.5.1	CU: A sample of perfusion fluid being taken.
2.5.2	[new 2.5.1] MED: A 10-mL syringe being used to aspirate 3 mL of the perfusion fluid from the sampling connectors, which is then discarded.  
2.5.3	[combined with 2.5.1] A 1 ml syringe being used to aspirate 0,4 mL of the perfusion fluid from the sampling connectors for blood gas analysis. Talent removes air bubbles from the syringe.
2.5.4	MED: Talent performing a blood gas analysis on the sample (maybe get footage of talent inserting the syringe in the blood gas analyzer)
2.5.5. 	MED: A 10mL syringe being used to aspirate 3mL of the perfusion fluid form the sampling connectors. Talent adding 15-30 mL of 8.4% sodium bicarbonate solution using a 20mL syringe to get a physiological pH. Aspirated perfusion fluid is being reinjected via the sampling connectors as a line flush.

3. Procurement and preparation of donor livers

3.1. The donor liver is procured in the donor hospital using the standard technique of in situ cooling and flushed out with cold preservation fluid. To facilitate cannulation of the artery, a segment of the supratruncal aorta should be left attached to the hepatic artery.

Shots:
3.1.1. LAB MEDIA: UMCG organ procurement.mp4 (Video editor: show time interval 2:12-2.40 of the video clip)

3.2. Immediately upon arrival of the donor liver in the operating room of the machine perfusion center, start the back table procedure.

Shots:
3.2.1. WIDE: Talent Figurant entering the operating room with the package containing the liver and setting it on the back table.
3.2.2. MED: Talent unpacking the liver.

3.3. Remove a sample of at least 10 ml of the preservation fluid for microbiological testing.

Shots:
3.3.1. MED: Talent removing 10 ml of the preservation fluid.

3.4. The cystic duct of the liver was ligated during its procurement in the donor hospital. With surgical scissors, remove the diaphragmatic attachments to the bare area of the liver as well as any remaining cardiac muscle from the upper cuff of the vena cava.

Shots:
3.4.1. CU: Ligated cystic duct being shown by talent to camera.
3.4.2. MED/CU: Diaphragmatic attachments to the bare area of the liver being removed.
3.4.3. CU: Remaining cardiac muscle being removed from the upper cuff of the vena cava.

3.5. Using dissecting scissors, dissect the artery and portal vein.  Use surgical sutures or hemoclips to ligate the side branches.

Shots:
3.5.1. CU: Artery and portal vein being dissected.
3.5.2. CU: Surgical sutures or hemoclips being used to ligate the side branches.

3.6. Close the distal end of the supratruncal aorta segment using a non-absorbable monofilament suture such as 3-0 Prolene. Insert the arterial cannula into the proximal end of the supratruncal aorta and secure with sutures. 

Shots:
3.6.1. CU: Distal end of the supratruncal aorta segment being closed with suture.
3.6.2. CU: Arterial cannula being inserted into the proximal end of the supratruncal aorta.
3.6.3. CU: Cannula being secured with sutures.

3.7. Next insert the venous cannula into the portal vein and secure with sutures. The hepatic vein should remain uncannulated.

Shots:
3.7.1. CU: Venous cannula being inserted into the portal vein.
3.7.2. CU: Cannula being secured with sutures.
3.7.3. CU: Talent indicating the uncannulated hepatic vein.

3.8. Flush out the bile duct with the preservation solution.

Shots:
3.8.1. MED: Talent using a syringe to flush out the bile duct with preservation solution.

3.9. Insert a silicon catheter into the bile duct and secure with sutures. Do not insert the catheter too deep into the bile duct as this may cause injury to the biliary epithelium.

Shots:
3.9.1. CU: A silicon catheter being inserted carefully and not too deeply into the bile duct.
3.9.2	[combined with 3.9.1] CU: Silicon catheter being secured with sutures.

3.10. Lastly, flush out the liver with a 0.9% NaCl solution via the portal vein cannula: If the graft has been preserved in the University of Wisconsin solution as the preservation solution, flush it out with 2000 ml of cold 0.9% NaCl solution followed by 500 ml of warm 0.9% NaCl solution. [TEXT: If preservation solution is University of Wisconsin solution, flush with 2000 ml 0.9% NaCl (0-4° C) + 500 ml 0.9% NaCl (37 °C)] 

Shots:
3.10.1. MED: Talent and Robert Porte attaching a regular infusion set to the portal vein cannula. and connecting  a bag of 0.9% NaCl solution is connected to the other end.
3.10.2. MED CU: Multiple takes from different angles of talent starting the flush.  Shot will be repeated later.

3.11. If the graft has been preserved in Histidine-Tryptophan-Ketoglutarate solution as the preservation solution, flush out the liver with 1000 ml of cold 0.9% NaCl solution followed by 500 ml of warm 0.9% NaCl solution. [TEXT: If preservation solution is Histidine-Tryptophan-Ketoglutarate, flush with 1000 ml 0.9% NaCl (0-4° C) + 500 ml 0.9% NaCl (37 °C)]   

Shots:
3.11.1. Use shot from 3.10.2. Preferably, use the WIDE/MED shot




4. Normothermic machine perfusion

4.1. To prepare for machine perfusion, first position the liver in the organ chamber with the anterior surface facing downward. Next, immediately connect the liver to the primed perfusion device by connecting the portal vein cannula to the portal inflow tube of the device and the arterial cannula to the arterial inflow tube of the device. 

Shots:
4.1.0	MED: Figurant unwraps drapings of disposable set.
4.1.1. MED: Talent positioning the liver in the organ chamber with the anterior surface facing downward. it is possible that the shot 4.1.1 was shot as 4.1.2 on the white board
4.1.2. MED/CU: Talent connecting the portal vein cannula to the portal inflow tube of the device.
4.1.3. MED/CU: Talent connecting the arterial cannula to the arterial inflow tube of the device.
4.1.3B	CU: A shot of perfusion fluid flowing out of the vena cava.
4.1.3C CU: A shot of the pulsating hepatic artery.
4.1.3D CU: A shot of produced bile in the bile drain.
4.1.3E MED/CU: Robert Porte closing the organ chamber with the cover of the device.   Condensation on the cover occurs.
4.1.4.	Talent – interview style to camera: “The connection of the liver to the perfusion device via the portal vein and the hepatic artery to have the right flows is the most critical aspect of this protocol.” ‘The most critical aspect of this protocol is connecting the cannulas of the portal vein and the hepatic artery to the perfusion device. Adequate perfusion should start immediately thereafter.’

4.2. In case of kinking of the tubing and/or high intra-hepatic resistance a pressure alarm may occur. Check the mean arterial pressure and the mean portal venous pressure and set them again if necessary. (TEXT: mean arterial pressure = 70 mmHg; mean portal venous pressure = 11 mmHg) Start perfusion on both portal and arterial sides by following the manufacturer’s instructions on the screen. 

Shots:
4.2.1.	MED: Talent checking and resetting the mean arterial pressure and the mean portal venous pressure.
4.2.1B MED: Talent resetting mean arterial pressure during perfusion.	
4.2.2.	CU: Perfusion on both portal and arterial sides started. Videographer: get footage of the liver being perfused and the pulsation of the artery. This is shown in shot 4.1.3C

4.3. At different time points collect perfusion fluid samples for immediate analysis of blood gas and biochemical parameters. Using a new 1-mL syringe for each sample, aspirate the perfusion fluid from the sampling connectors that are part of the disposable tubing set of the perfusion device. Again, be sure to discard a few milliliters of perfusion fluid before taking the samples, as this fluid is in the peripheral tubing and does not represent the perfusion fluid in the system.

Shots:
4.3.1. MED: Talent starting to collect a sample of perfusion fluid. A 10mL syringe is being used to aspirate 3mL of the perfusion fluid from the sampling connectors, which is then discarded. A 1mL syringe is being used to aspirate 0,4mL of the perfusion fluid from the sampling connectors for blood gas analysis. Air bubbles being removed from the 1mL syringe that contains perfusion fluid. A needle is connected to the 10mL syringe and the perfusion fluid is transferred to a green collection tube.
4.3.2. [combined in above] CU: Match action above: a 2-ml syringe being used to aspirate the perfusion fluid from the sampling connectors.

4.4. Immediately remove any air bubbles from the syringe. Then insert the syringe in the blood gas analyzer and follow the manufacturer’s instructions for analysis of blood gas and biochemical parameters. (TEXT: Follow manufacturer’s instructions for analysis of pO₂, pCO₂, sO₂, HCO₃⁻, pH, glucose, calcium, lactate, potassium and sodium) 

Shots:
4.4.1. CU: Air bubbles being removed from the syringe that contains perfusion fluid.
4.4.2. MED: Talent inserting syringe in the blood gas analyzer and begins analysis.
4.4.2 (take 1) MED/CU: A shot of the blood sample inserted in blood gas analyzer.
4.4.2 (take 2) MED/CU: A shot of the test results being printed by the blood gas analyzer.

4.5. Collect another sample of perfusion fluid and centrifuge at 1400 x g and 4 °C for 5 minutes.  (TEXT: 1400 x g; 4°C; 5 min) Collect plasma from the perfusion fluid, and freeze and store the plasma at -80 °C for later biochemical analyses to assess the amount of graft injury. 

Shots:
4.5.1. MED: Talent collecting another sample of perfusion fluid and putting it into a centrifuge tube.
4.5.2. MED: Talent putting the tube into the centrifuge and starting the spin.
4.5.3. [bookmark: _GoBack]CU: Plasma being transferred to a new tube.
4.5.4. MED: Talent putting the plasma into the -80 °C freezer.

4.6. To evaluate the quality of liver perfusion, monitor the macroscopic homogeneity of liver perfusion.  Shown here is a liver before perfusion (Video editor: show panel B), and at 30 minutes (Video editor: show panel C) and six hours (Video editor: show panel D) after the start of normothermic machine perfusion.

Shots:
4.6.1. LAB MEDIA: Figure 2, panels B, C and D.

5. Results: donor livers are well preserved by ex-situ normothermic machine perfusion 

5.3. The hemodynamics of the livers was assessed by monitoring the changes in the arterial and portal flows during normothermic machine perfusion. An initial increase and subsequent stabilization of the flows indicate stable hemodynamics of livers during perfusion.

Shots:
5.3.1. Figure 3A

5.4. Blood gas analysis was used to monitor oxygenation of the perfusion fluid and extraction of carbon dioxide. Oxygenation with carbogen at a flow of 4 liters per minute resulted in a continuous O₂ saturation of 100%. (Video editor: highlight the top level line in the upper graph) 

Shots:
5.4.1. Figure 3B

5.5. (Figure 3C) Bile production was used as an indicator of liver function. An increase in the concentration of total bilirubin and bicarbonate (Figure 3D) represented an improvement in the quality of the bile produced. (Figure 3E) A gradual darkening shade of the bile color was observed over time.

Shots:
5.5.1. Figure 3C, 3D, 3E

5.6. Stable concentrations of hepatic injury markers such as ALT, AlkP, gamma-GT and potassium in the perfusion fluid reflected minimal injury of the grafts.

Shots:
5.6.1. Figure 4A

5.7. Furthermore, histological examinations of liver tissue (Video editor: Figure 4B) and the distal end of the extrahepatic bile duct (Video editor: Figure 4C) did not reveal any additional injury to the grafts during normothermic machine perfusion. The peribiliary glands (Video editor: highlight dashed lines) and vasculature (Video editor: add arrow) are indicated. 

Shots:
5.7.1. Figure 4B and 4C


6. Conclusion (said by authors on camera)
6.3. Robert Porte: After watching this video, you should have a good understanding of how to perform normothermic perfusion of a human liver graft, using ex-situ machine perfusion. This technique of organ perfusion offers the potential to assess and improve the organ viability prior to transplantation.


Provided Media

1A. 52688_Schematics.tif
3.1. UMCG organ procurement.mp4
4.6. Figure 2, panels B, C and D.
5.1. – 5.3. Figure 3
5.4. – 5.5. Figure 4

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.
 2014, Journal of Visualized Experiments

