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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? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Building the circuit, washing and optimizing the blood/perfusate, attaching the heart to the circuit, and obtaining PV loops
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Obtaining PV loops – careful catheter placement & adjustment; appropriate catheter and animal heart size matching.

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 measure the cardiac function of large animals on an ex vivo circuit. (Intro) This is accomplished by first assembling the working-heart apparatus. (P1) In the second step, the blood is washed, reconstituted with normal saline, and the electrolytes are optimized. (P2) In the final step, the heart is attached, replicating in vivo hemodynamic parameters. (P3) Ultimately, a conductance catheter, inserted into the ventricle, can be used to obtain quantitative measurements of the ventricular function. (P4)

(P1) please show JoVE – Figure 1.tif (possibly have heart pump, making red “blood” move up through tubing throughout schematic, when it passes arrow, arrow begins turning full circle and pump “batons” also twirl/turn as/when blood passes back toward/into heart area
(P2) 3.2.1. (blood being washed) AND 3.3.1. (saline being added) AND 3.5.3. (electrolytes being adjusted)
(P3) 4.4.1. OR 4.6.1. or 4.7.1. (various catheters being inserted into heart tissue)
(P4) JoVE – Figure 2 (new).tif OR JoVE – Table1.tif



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Matthew Schechter: The main advantage of this technique over existing methods, like using small animal models, is that it produces clinically-relevant data while avoiding immunological confounders that are seen with large animal transplantation. 

Protocol (read by voice talent at JoVE):
2. Building the Langendorff apparatus
2.1. To build the Langendorff apparatus, begin by connecting the heart reservoir to the blood reservoir with 3/8” tubing, ensuring that the tubing goes through a roller pump. 
2.1.1. LAB MEDIA: JoVE – Figure 1.tif
2.1.2. WIDE: Few seconds Talent connect heart reservoir to blood reservoir with 3/8” tubing (TEXT: Ensure tubing goes through roller pump)
2.2. Next connect the blood reservoir to the heater-oxygenator with more 3/8” tubing and then connect the heater-oxygenator to a Y-connector.
2.2.1. MED: Few seconds connect blood reservoir to heater-oxygenator with 3/8” tubing 
2.2.2. CU: Heater-oxygenator being connected to Y-connector
2.3. Connect one arm of the Y-connector to the centrifugal pump, then connect the centrifugal pump to a second Y-connector.
2.3.1. CU: Few seconds Y-connector being connected to centrifugal pump
2.3.2. CU: Few seconds centrifugal pump being connected to second Y-connector
2.4. To create a bubble trap and a means of inserting the pressure transducer, attach a piece of 3/8” tubing to secure a hemostasis valve to the upward-facing arm.
2.4.1. MED: Few seconds Talent attaching 3/8” tubing to hemostasis vale on upward-facing arm
2.5. Then attach a piece of 3/8” tubing to the downward arm and connect the other arm of the Y-connector to the inflow of the pre-load chamber, ensuring that this tubing goes through the second roller pump.  Attach the preload line first to the outflow portion of the preload chamber; this will eventually connect to the left atrium.
2.5.1. MED: Few seconds Talent attaching tubing to downward arm
2.5.2. MED: Few seconds Talent connecting other arm to pre-load chamber (TEXT: Ensure tubing goes through roller pump)
2.5.3. Added shot: MED: Connecting preload line to preload chamber
2.6. Connect the excess 3/8” tubing to the outflow of this chamber and then connect the oxygen tank … and heating apparatus to the heater-oxygenator.
2.6.1. MED: Few second excess tubing being connected to outflow
2.6.2. MED: Few seconds Talent connecting oxygen tank to heater-oxygenator
2.6.3. MED: Few seconds Talent connecting heating apparatus to heater-oxygenator
2.7. Finally, clamp the line going from the Y-connector to the pre-load chamber, as this line will not be used until the heart is put into working mode.
2.7.1. CU: Shot of line being clamped
2.9.1B	Added shot: B-roll of completed apparatus
3. Preparing the Langendorff apparatus
3.1. Now turn on the oxygen tank, heating apparatus, roller pump connecting the two reservoirs, and centrifugal pump. 
3.1.1. WIDE: Talent turns on oxygen tank
3.1.2. MED: Talent turns on heating apparatus (TEXT: Set to ~36°C)
3.1.3. MED: Talent turns on roller pump
3.1.4. MED: Talent turns on centrifugal pump
3.2. Wash the blood according to manufacturer’s instructions and then check the hematocrit level.
3.2.1. MED/CU: Few seconds shot of blood being washed (TEXT: Slower wash for waste removal) (Videographer: Whatever shot is most appropriate to get a general sense of the idea that the blood is being washed)
3.2.2. MED: Few seconds Talent checking hematocrit (Videographer: Again, get best representative shot for action) {Changed to shot 3.3.3}
3.3. Next, reconstitute the washed red blood cells with normal saline to the desired hematocrit concentration. Add the diluted blood to the Langendorff apparatus, and check the hematocrit.
3.3.1. CU: Few seconds saline being added to blood
3.3.2. MED: Few seconds Talent adding blood to apparatus
3.3.3. Moved shot & changed numbering: MED: Few seconds Talent checking hematocrit
3.4. Adjust the speeds of the two pumps to begin blood flow through the system, excluding the preload chamber.
3.4.1. MED: Few seconds Talent adjusting speed of at least one pump 
3.5. Check the pH and electrolytes of the blood mixture and adjust until physiologic for the species used. To prevent deleterious calcium influx upon reperfusion, keep the calcium level on the Langendorff apparatus initially at 0.3-0.5 mmol/l.
3.5.1. CU: Shot of pH OR MED: Talent checking pH
3.5.2. CU: Shot of electrolyte level or MED: Talent checking electrolytes
3.5.3. MED: Few seconds Talent adjusting pH and/or electrolytes
3.5.4. CU: Shot of calcium level at 0.3-0.5 mmol/l
4. Attaching the heart to the Langendorff
4.1. After calibrating the Langendorff apparatus, quickly remove a properly arrested heart from the storage container. 
4.1.1. WIDE: Talent picking heart up from storage container (TEXT: See text for heart arresting details/suggestions) 
4.2. Pour out any storage solution from the ventricles, blot the tissue dry, and weigh it.
4.2.1. MED: Few seconds Talent pouring out storage solution
4.2.2. CU: Few seconds heart being patted dry
4.2.3. MED – over the shoulder: Talent placing heart onto scale
4.3. Then return the heart to the storage container and orient it so that the aorta is facing upwards to help maintain a cold myocardial temperature.
4.3.1. MED: Talent places heart back into container
4.3.2. CU: Few seconds heart being oriented with aorta facing upwards
4.4. Next insert a 3/8” cannula into the aorta and secure it with a zip-tie.
4.4.1. CU: Few seconds cannula being inserted into aorta
4.4.2. CU: Few seconds cannula being secured with zip-tie
4.5. Decrease the centrifugal pump to a slow trickle and drip the blood into the aorta until it is filled and completely de-aired.
4.5.1. CU: Few seconds centrifugal pump being decreased to slow trickle
4.5.2. CU: Few seconds blood being dripped into aorta
4.5.3. CU/ECU: Shot of filled/de-aired aorta
4.6. When the aorta is full of blood, carefully attach the aortic cannula to the aortic tubing on the Langendorff, making note of the attachment time.
4.6.1. CU: Few seconds aortic cannula being attached to aortic tubing on Langendorff
4.6.2. MED: Talent writing/typing attachment time/looking at watch/similar
4.7. Then insert the calibrated pressure transducer through the hemostasis valve into the native aorta. Begin the pressure measurements and adjust the centrifugal pump speed until the desired reperfusion pressure is achieved. 
4.7.1. CU: Few seconds transducer being inserted through hemostasis valve then into aorta (Videographer: Split action into separate shots as necessary)
4.7.2. MED: Talent begins pressure measurements
4.7.3. CU: Few seconds pump speed/reperfusion pressure being adjusted
4.8. Monitor the aortic pressure closely, especially during initial reperfusion, and incrementally increase the temperature on the warming unit until the intramyocardial temperature reaches 37°C.  
4.8.1. MED: Few seconds Talent watching/monitoring pressure OR CU: Few seconds shot of aortic pressure readout (TEXT: Pressure changes as coronary resistance changes), 
4.8.2. MED: Few seconds Talent increasing temperature on warming unit
4.8.3. CU: Shot of intramyocardial temperature at 37°C 
4.9. Obtain a baseline, time zero sample from the venous blood reservoir to measure the pH, electrolytes and other biochemical measurements.
4.9.1. MED: Few seconds Talent obtaining time zero sample from venous blood
4.10. Then insert a temperature probe into the septum and monitor the myocardial temperature.
4.10.1. MED: Few seconds Talent insert temperature probe into septum
4.10.2. CU: Shot of myocardial temperature readout (TEXT: Decrease if myocardial temp >39°C)
4.11. Take blood samples every 15 minutes, adjusting the physiologic parameters as desired for the experiment, and adding approximately 1 mmol of calcium to the blood solution every 5 minutes, ensuring that ionic calcium is >0.8 mmol/l prior to the initiation of the working mode.
4.11.1. CU: Shot of blood sample being taken
4.11.2. MED:  Few seconds Talent adjusting at least one physiologic parameter
4.11.3. MED: Few seconds Talent adding calcium to blood solution {Combined with 4.11.2}
4.11.4. CU: Shot of ionic calcium readout is >0.8 mmol/
5. Obtaining ventricular pressure-volume (PV) recordings
5.1. After putting the heart into working mode, use a 3-0 polypropylene suture to place a purse-string suture at the left ventricular apex. Then use a 16 gauge needle to make a stab incision within the purse-string.
5.1.1. WIDE: Few seconds Talent placing suture  (TEXT: Refer to manufacturer’s instructions as necessary)
5.1.2. CU: Shot of stab incision being made
5.2. Insert the pressure volume conductance catheter into the apical incision. Look at the data output to determine how many volume segments are active.  
5.2.1. CU: Few seconds catheter being placed into apical incision {This is a continuation of 5.1.2}
5.2.2. SCREEN: Start button being pressed  Catheter insertion with shot of active segments {Combined with 5.2.3 and changed to reflect actual procedure}
5.2.3. [bookmark: _GoBack]SCREEN: Shot of at least a few active volume segments {Combined with 5.2.2 above}
5.3. If all the segments are not active, adjust the catheter position until they are. Slight twisting of the catheter may be necessary to optimize the loop morphology.
5.3.1. MED: Few seconds Talent adjusting catheter position
5.3.2. CU: Shot of slight twisting of catheter {This is a continuation of 5.3.1}
5.4. Then, using a properly calibrated catheter, obtain at least 30 seconds of baseline pressure-volume data to determine the volume dependent measurements of cardiac function.
5.4.1. SCREEN: Few seconds baseline volume data being acquired
5.5. Once sufficient loops are obtained, use a tubing clamp to slowly occlude the preload tube. The pressure-volume loops should begin to become smaller and shift down and to the right; this is called the “walk down”.
5.5.1. CU: Few seconds clamp being placed
5.5.2. SCREEN: Few seconds pressure loops becoming smaller/shifting down to right
5.6. After obtaining 10-15 seconds of walk down data, release the tubing clamp to allow the preload to re-enter the left atrium and to obtain the volume independent measurements of cardiac function.
5.6.1. MED: Talent releasing clamp
5.7. Finally, click the “Stop” button to stop the data collection. To obtain replicate measurements, after 5 minutes repeat the procedure starting at the occlusion step.
5.7.1. SCREEN: Stop being clicked
5.7.2. MED: Talent occluding tubing with clamp
6. Results: Representative PV recordings

6.1. Changes in the coronary resistance can cause fluctuations in the perfusion pressure. These variations can be minor and gradual, correcting themselves over time. However, in some cases these variations can be abrupt and require adjustment of the flow through the centrifugal pump to maintain the desired reperfusion pressure. 

6.1.1. LAB MEDIA: JoVE - Figure 3 (new).tif (Video Editor: with “These … over time” please highlight the left graph AND/OR trace a line through the data curve in the left graph; with “these variations … pressure” please highlight the right graph AND/OR trace a line through the data curve in the right graph)

6.2. In this experiment, upon the initial introduction of the pressure volume catheter into a porcine heart that had been stored at 4°C for 2 hours, the loops were of poor quality, with multiple areas of crossover and no discernible cardiac cycle components.  However, with minimal manipulation of the catheter within the ventricle, the loop morphology improved dramatically, allowing for measurements to be obtained.  

6.2.1. LAB MEDIA: JoVE – Figure 4.tif 

(Video Editor: with “In this experiment … components” please highlight the left graph; 

with “loops were or poor quality .. components” please outline/circle looping data in left graph; 

with “with minimal … obtained” please highlight the right graph; 

with “the loop … dramatically” please outline/circle looping data in right graph)

6.3. Despite optimization of the catheter position, the loops acquired on the ex vivo circuit may have a different morphology than the in vivo loops, likely due to the different orientation of the heart on the circuit compared to in a supine animal, as well as to the lack of the anatomical attachments found within a live animal.  

6.3.1. LAB MEDIA: JoVE – Figure 5 (new).tif (Video Editor: with “the loops … circuit” please highlight the top row of data; with “may … in vivo loops” please highlight the bottom row of data)

6.4. Furthermore, the use of pacing wires to help regulate the heart rate introduces an external electrical current, leading to the spikes seen in the bottom right portion of the ex vivo loops. However, as long as these loops still feature the cardiac cycle components, they can still yield interpretable data.

6.4.1.  LAB MEDIA: JoVE – Figure 5 (new).tif (Video Editor: “leading to … ex vivo loops” please circle the points in the bottom right “corners” of the 2 loops in the top row)
7. Conclusion (said by authors on camera)
7.1. Bryan Feger: Following this procedure, other methods like echocardiography and electrocardiography, can be performed to examine other changes in the physical properties of the heart, including conduction.

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.  

JoVE – Figure 1.tif
JoVE – Figure 3 (new).tif
JoVE – Figure 4.tif
JoVE – Figure 5 (new).tif

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.
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