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A.  Will you require JoVE to record video microscopy? N


B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N


C.  Which steps of your protocol will viewers benefit most from having filmed? 2.6, 2.7, 2.11 (cannulation) 2.15 (flush) and 4.2 (connection)


D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number: The entire backtable requires some skill, but as a single step, step 5.2 is most important. 


E.  Will the filming need to take place in multiple locations? N





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 perform a subnormothermic machine perfusion of the human liver for the preservation, recovery and assessment of the organ in a pre-clinical research setting. (Intro) This is accomplished by first preparing the liver for connection to the device. (P1) In the second step, the machine perfusion system is primed, (P2) the liver is connected, (P3) and the perfusion is started. (P4) In the final step, the machine-perfused liver will become functionally active at a subnormothermic state and produce bile. (P5) Ultimately, samples collected from the liver during the perfusion can be analyzed to study the metabolic recovery and function of the organ. (P5)





No graphic submitted; suggested animations provided instead


(P1) show human liver graphic, then have scissors appear and cut down length of hepatic artery or similar animation (e.g., see 2.2.)�(P2) show graphic of machine perfusion system, then have “scientist” turn it on or similar (e.g., see 3.1.-3.3.) 


(P3) “scientist” connects tubing between liver and system or similar�(P4) show liver connected to system, with “perfusate” moving from liver into system (e.g., see 4.5.)�(P5) Figure 1.jpg





B.  Interview: (Said by you on camera. Don’t forget to smile!)  


Bote Bruinsma: The main advantage of this technique over existing methods, such as cold and normothermic liver perfusion, is that subnormothermic perfusion enables the functional recovery and assessment of the viability of the liver without the high metabolic demands of normothermia.  


Pepijn Weeder: Many aspects of this technique require experience or a demonstration for successful completion. For example, demonstration of how to perform the backtable preparation of the liver, which includes the dissection of the artery, vein and bile duct, can be helpful for researchers with no prior surgical training.





Protocol (read by voice talent at JoVE):





Back table preparation of the liver: 62





Upon receipt of the liver, place an ice-filled organ bowl on a sterile, draped surface [2.1.1.-WIDE] and remove the liver from the transport box [2.1.2.-MED], leaving it mostly submerged in the bag of cold preservation solution [2.1.3.-CU]. 2.1.2 and 2.1.3 were combined into 1 [MED] shot. Added: preparing the organ bowl with ice [WIDE]


Next, use Metzenbaum (pronounce: METS-EN-BAUM (german)) scissors to reveal the various branches along the arterial supply to the liver, from the aorta to the proper hepatic artery [2.2.1.-CU]. Added: Cleaning of aorta [MED]


Shot of hepatic artery, then few seconds various cut branches being revealed (Video Editor: if necessary/appropriate, please identify hepatic artery with arrow and “Hepatic artery” text or similar)


Then carefully dissect the rest of the artery to prevent severing any vessels that supply the liver without cutting or tying branches that do not have a visible end [2.3.1.-CU]. Added (2.3.1B) further cleaning/dissection of aorta, this shot goes best along with 2.6 [CU]


Few seconds rest of artery being dissected 


When the artery has been isolated, use size 0 to 4-0 silk sutures to tie off all of the arterial branches that do not supply the liver [2.4.1.-CU].


Few seconds at least one suture being placed (for this and all other suture/ligation shots)


[moved to after 2.7.1.] Few seconds one hole being stitched 


Tie and cut the splenic and gastric arteries close to their origin on the celiac trunk [2.5.1.-CU]. Combined with 2.4.1 (repeat shot maybe?). 2.5.1 shows all ties.


Few seconds at least one splenic or gastric artery being tied/cut


Cut an aortic patch around the celiac trunk [2.3.1B]. Then use an arterial perfusion cannula to cannulate the celiac trunk.


TEXT: Cut trunk directly under aortic patch as appropriate


Now dissect the portal vein free, tying off any branches or stiching holes in the vein [2.7.1.-CU + 2.4.2], and cannulate it with a portal vein perfusion cannula [2.7.2.-CU].


Remove sections of the diaphragm from the suprahepatic vena cava without cutting the vein itself [2.8.1.-CU-TXT].


TEXT: Vena cava outflow will drain directly into organ chamber


Then cut two 2-3 mm long, full-circumference tissue samples from the end of the common bile duct. The samples should be handled delicately. [2.9.1.-CU]. 


At least one sample being cut


Snap freeze one sample in liquid nitrogen for storage at -80°C [2.10.1.-MED] and store the other in 10% buffered formalin [2.10.2.-MED]. Combined in 2.9.1 (sample going into container)


Then cannulate the common bile duct with a vessel cannula [2.11.1.-CU] and connect a drain tube made of small diameter tubing [2.11.2.-CU]. 


Next, ligate the cystic duct with a 0 silk tie [2.12.1.-CU]. (the following should be a new step as it is very different from the “ligation of the cystic duct”): Connect the flush tubing set to ice-cold bags of Lactated Ringer’s solution [2.12.2.-MED] and prime the tubing to remove the air [2.12.3.-MED]. 


 Shot of cystic duct, then few seconds duct being ligated (Video Editor: if necessary/appropriate, please identify hepatic artery with arrow and “Cystic duct” text or similar)


*no comment


*no comment


Set the flow regulator on the flush tubing to a slow trickle [2.13.1.-CU] and occlude the portal vein at the hilum to remove any air in the vessel [2.13.2.-CU]. Combined to 1 shot with 2 takes, 1 with 2 [CU] and 1 [WIDE]


Flow regulator being set OR flow at slow trickle


*no comment 


Now fill the cannula and vein with flush solution to remove the air from the portal vein [2.14.1.-MED (done in 2.13.1/2)], taking care not to elevate the bag more than 20 cm over the height of the liver to avoid excessive pressure on the vein [2.14.2.-CU]. Then flush the liver with a total of 2 liters of ice-cold Lactated Ringer’s solution [2.14.3.-CU].


*no comment


Shot of bag just ~20 cm over liver


*no comment


During the flush, briefly occlude the portal vein at the lowest point to check for leaks [2.15.1.-CU-TXT], and then repeat the flush for the hepatic artery with 1 liter of solution as just demonstrated [2.15.3.-MED].


TEXT: Close vessel branches as necessary


*no comment


Priming the subnormothermic machine perfusion (SNMP) system





While the liver is flushing, prime the perfusion system with the addition of 2 liters of room temperature perfusate to the organ bowl [3.1.1.-WIDE (Change to [CU] of perfusate in bowl)] and start the device to prime the tubing [3.1.2.-MED]. Added: Perfusate filtering into bowl [CU], Talent turning on machine/tubes filling up [WIDE] (There is also a shot of the oxygenator filling up, which can also be used to show priming)





Set the temperature to 21°C [3.2.1.-MED]. Then set a pressure of 3 mmHg on the portal vein [3.2.2.-CU] and 30 mmHg on the hepatic artery [3.2.3.-CU]. 3.2.1 and 3.2.2 combined





Open the carbogen gas tank [3.3.1.-MED] and set it to a flow of 3 liters/min [3.3.2.-CU]. Combined into 1 shot, take 1 [MED], take 2 [CU]





Next, draw a blood gas sample from the portal vein and hepatic artery inflow sample ports [3.4.1.-CU] and run the samples in the blood gas analysis machine according to the manufacturer’s instructions to confirm an adequate oxygenation and pH [3.4.2.-MED-TXT]. 2 takes [MED]/[CU] 





Shot of blood gas sample being drawn from at least one inflow sample port


Talent adding sample to blood gas analysis machine or similar (TEXT: i.e., pO2 >700 mmHg and pH 7.35-7.45)





Use sodium bicarbonate or hydrogen chloride to correct the pH as necessary [3.5.1.-MED]. Then, before the liver is connected, collect a 1 ml sample of the perfusate as a time zero measurement [3.5.2.-MED] and store it at -80°C [3.5.3.-CU]. 





Use a single-edged steel blade to cut two ~250 mg wedge biopsies from the liver at this time as well [3.6.1.-MED], snap freezing one sample in liquid nitrogen for -80°C storage [3.6.2.-CU] and fixing the other in 10% buffered formalin [3.6.3.-CU]. 3.6.3 shot at the end of 3.6.1 (alternate take included - Alex)





Human liver perfusion: 





Before starting the perfusion, weigh the liver [4.1.1.-WIDE]. Then transfer the organ to the organ chamber of the device [4.1.2.-MED] and remove the air cannulas as just demonstrated. [4.1.3.-CU] (shown for portal vein)(note; this may be excessive to show here because we show the de-airing in step 4.2.1 as well – the text should be retained though) (alternate take included - Alex)





When the cannulas are de-aired, connect the portal vein and hepatic artery inflows to the appropriate cannulas. [4.2.1.-MED] Start perfusion.





At least one vein/artery being connected


At least one pressure being set





Ensure that the liver is submerged by perfusate [4.3.1.-CU], covering any dry surfaces, including the inflow vessels, with wet sterile gauze to prevent dehydration [4.3.2.-CU]. Combined to 1 shot





Perfusate being added to cover liver


At least one sterile gauze being placed





Let the bile tubing drain into a collection container [4.4.1.-MED], taking care that the opening of the bile drain is at the level of the liver or lower to allow the bile to run freely [4.4.2.-CU]. No bile on shoot date – authors can provide lab media ->see below





Talent adding tubing to collection container 


Shot of opening at level of liver/lower than liver





Once the liver is warmed to 21°C, target the flow rates at 275-325 and 50-100 ml/min/kg for �the portal vein and hepatic artery, respectively [4.5.1.-MED/CU-TXT].





Best shot - MED: Talent adjusting flow rates OR CU: Shot of flow rates at 275-352 and 50-100 (TEXT: ?/? pressure as necessary to reach target flow rate) 





During the perfusion, take samples from the liver tissue, perfusate and bile as appropriate [4.6.1.-MED-TXT].





Talent taking at least one sample (TEXT: See text for sample collection details).  





Continue the perfusion for 3 hours, monitoring the pressure, pH and oxygenation [4.7.1.-MED] and adjusting the pH with sodium bicarbonate as necessary [4.7.2.-CU].





Talent with clipboard or other, “monitoring”/looking at perfusing liver or similar


Sodium bicarbonate being added to perfusate





At the end of the perfusion, collect the final samples [4.8.1.-CU], disconnect the liver [4.8.2.-CU MED] and remove the bile duct cannula [4.8.3.-CU].





Shot of one sample being collected (shown collection from side port for perfusate)


*no comment


*no comment 





Finally, collect two post-perfusion tissue samples of the bile duct as just demonstrated [4.9.1.-MED-TXT (2 shots – cutting tissue/putting into container)] and discard the human liver following the proper biohazard disposal guidelines [4.9.2.-MED].





Talent adding tissue to liquid nitrogen or formalin


*no comment





Results: Assessment of human livers during machine perfusion





Flow begins low as a result of a higher resistance in the cold liver. Using a pressure of 3 mmHg on the portal vein and 30 mmHg on the hepatic artery, the target flows can generally be achieved once the liver has warmed up to 21°C after 60 minutes of perfusion [5.1.1-LM]. 





Slide2.jpg: With “once … perfusion” please highlight/trace/circle/otherwise indicate closed circle data line from 60 to 180 min





Frequent measurement of the perfusate by blood gas analysis is essential for both experimental purposes as well as for maintaining adequate perfusion conditions. For example, the dissolved oxygen partial pressure should be greater than 700 mmHg on the inflow of both the portal vein and the hepatic artery [5.2.1.-LM].





Slide3.jpg: With “the dissolved … artery” please highlight/trace/otherwise indicate dashed data line





Whereas the outflow oxygen pressure, measured in the vena cava, should generally decrease with a longer perfusion, reflecting an increasing oxygen uptake. 





Slide3.jpg: Please highlight/trace/otherwise indicate downward curve of dash-dot-dot data line, and indicate increasing uptake in the second part of the sentence.





Hepatic transaminases also can be measured in the perfusate. For example, an increase of alanine transaminase, or ALT (Pronounce: A-L-T), is generally observed in the first 30 minutes of the perfusion [5.4.1.-LM], with a minimal further increase during the rest of the perfusion [5.4.2.-LM].





Slide4.jpg: please highlight/trace/otherwise indicate upward curve of data line (from 0~30 min)


Slide4.jpg: please highlight/trace/otherwise indicate flat part of data line (from 30-180)





Further, evaluation of ATP production in machine-perfused livers reveals a 2.8 fold increase in the ATP content of the liver, reflecting a recovering energy status.





Slide5.jpg: sequentially add data bars or stretch diagonal arrow from top of 0 data bar to top of 180 data bar or similar





Moreover, H&E histological analysis reveals no additional injury sustained during the procedure.





Slide6.jpg





Conclusion (said by authors on camera)


Bote Bruinsma: Following this procedure allows an extensive analysis of the isolated liver, providing unique insights into hepatic physiology and pathology. 


Pepijn Weeder: After watching this video, you should have a good understanding of how to maintain a human liver during subnormothermic machine perfusion, to facilitate the assessment of its function outside the body.





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.  





Slide2.jpg


Slide3.jpg


Slide4.jpg


Slide5.jpg


Slide6.jpg





Lab media: video of bile flow (this video is from a different system, which may look odd. If we get the opportunity to film bile production in the new system before the editing is complete we’ll provide an updated video)





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.


? 2013, Journal of Visualized Experiments
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