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Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to demonstrate how a commercially available, in vitro pulse duplicator can accommodate emerging, tri-leaflet polymer heart valve prosthetics, and to evaluate the hydrodynamic metrics of the assembly. (Intro) This is achieved by assembling a tube and valve-holder to accommodate a tri-leaflet valve configuration in the pulse duplicator. (C1) As a second step, polymer valves are sutured in place and tested to measure their hydrodynamic metrics. (C2)  Native porcine valves and mechanical heart valves are also tested (C3) to validate system hardware modifications to the mechanical design of the synthetic valve. (C3’)  The results show that the modified pulse duplicator system can be utilized to evaluate polymer valves with native porcine and mechanical valve hydrodynamics, thus providing insights on the functional aspects of polymer valve design.  (C4)
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Video editor:

C1: show the graphic supplied for C1.  Have the different parts come together by sliding the valve holder into the tube.

C2: show the graphic supplied for C2, fade on the arrows and the text after the image is shown.

C3: First show the image above pre-modification with the yellow circle.  Keep the text.

C3’: Change to the first image above post-modification, and swap the text.  Then zoom in on the image to fade into the blow up provided by the second image above post-modification in the provided graphic.

C4: Modify the provided chart by increasing the size of the axis labels.  Then add each data line individually along with the associated part of the legend.  The legend items also needs to be enhanced to be legible – they should be moved up to the empty space under the lines and shown in a 2 x 2 configuration.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
Authors, in this section, and in the conclusion interview, you were instructed to only fill out one statement per author and to keep that statement brief.  I have selected statements and modified them for length.  I’m sorry if that was unclear, as there was clearly a lot of effort lost to filling in all the template statements in an excess of detail.
1.1. Sharan Ramaswamy: Generally, individuals new to this method will get confused because the techniques are tedious and there are a lot of concepts related to hydrodynamic metrics that are necessary for thorough valve prosthesis evaluation which are not typically taught in a traditional Engineering curriculum.
1.2. Manuel Salinas: The implications of this technique extend towards functional development t of emerging polymer heart valve prosthetic technologies because hydrodynamic assessment provides insights to further improve the design characteristics of the prosthetic valve.
1.3. Sharan Ramaswamy: Along with Manuel, demonstrating the procedure will be Karla Landaburo, an undergraduate student from my laboratory.
Protocol Chapters (read by a voice talent at JoVE):

2. Preparations

2.1. This protocol begins with the fabrication of the assembly.
2.1.1. WID: talent approaches bench with some part of the assembly and prepares to execute the next step, 2.2.1
2.2. This includes a valve holder used to suture-in the valve leaflets, a tube used to house the valve holder and surrounding accessories that secure the assembly onto the pulse duplicator system. 
2.2.1. CU: talent assembles valve holder into the tube, a completed assembly with all the associated parts can also be shown with the talent showing which pieces are first put together.
2.2.2. CU: talent attaches a surrounding accessory to the assembly, or follow the above suggestion showing the later parts in relation to the completed product
LAB MEDIA: Figure 1
2.3. A commercially available pulse duplicator system is also required. Before the system is used, first prime the entire loop.
2.3.1. WID: talent approaches system prepared to prime the loop and begins process
2.3.2. CU: the loop, showing solution flushing through
2.4. Clean the loop system using soap and water.  During this process, replace any degraded tubes.
2.4.1. MED: talent applying soapy water to the loop and then rinsing it clean
2.5. Next, calibrate the instruments connected to the loop: which are the pump, the flow probe and the pressure transducers. 
2.5.1. MED: talent reconnects the loop to the system
2.5.2. MED: talent goes to computer 
2.6. The calibration begins with a 1% saline solution followed by a blood-analog glycerin solution.  Typically, calibrate these for making measurements at atrial, aortic and ventricular locations.  Once calibrated, proceed with preparing the valves.
2.6.1. MED: talent opens to vivitest software and starts the automated process

2.6.2. SCREEN CAPTURE: video of the screen showing the values collected by the software, talent okays these values

2.6.3. SCREEN CAPTURE: pulling up a waveform from the ampack

Authors, for he above two shots (screen captures) you will need to provide video files of the processes described.  There is conventional screen capture software that produces movies.  Name those movies according to the shot number, e.g. 2.7.2.mov.

3. Native Aortic Valve Dissection

3.1. Obtain 4 fresh pig hearts with the aorta intact from a USDA approved slaughterhouse. (TEXT: IACUC approval may be required)
3.1.1. WID: talent approaches the bench (with cart?) holding container hearts, sets them down on bench
3.2. Unpack and rinse a heart with deionized water and place it in a receptacle filled with the 1% antimycotic/antibiotic in PBS.  On ice, transport it to the hydrodynamic testing laboratory.
3.2.1. MED: looking down onto packaging, talent unwraps hearts and rinses a heart
3.2.2. MED: finishes rinsing the heart and sets them in the PBS, on ice
3.2.3. WID: leaves the bench with the heart on ice
3.3. Place one of the hearts in a dissecting pan and carefully remove its pericardium.  
3.3.1. WID: setting heart onto a dissecting pan and proceeding with dissection
3.3.2. LAB MEDIA:  NativeValve-50335.pptx, slide 1: Figure depicting heart with and without pericardium 
3.4. Looking at the ventral side, inspect the four chambers and locate the aortic arch on the intact aorta.
3.4.1. CU/ECU: talent orients heart to view ventral side, then probes the chambers, finally locating and pointing out the aortic arch 
3.5. Then, separate the heart into halves.  Cut horizontally three fourth of an inch below the annulus at the junction between the aorta and the left ventricle … and isolate the intact aorta attached to the left ventricular tissue segment.
3.5.1. CU/ECU: cuts heart in half, show where cut begins and ends, and aorta removed with left ventricular tissue
3.6. Examine the aortic valve located in the aortic root for damage or calcification - this is the region between the ascending aorta and the lower annulus.  It if looks good, split the aorta about an inch above the annulus, otherwise discard the tissue.
3.6.1. Record audio and have talent explain if the heart is good and that the tissues must not be calcified or damaged
3.6.2. ECU: splitting the aorta above the annulus 
3.7. Then, separate the left ventricular tissue segment below the annulus to isolate the aortic valve.  With the valve isolated, proceed with the suturing.
3.7.1. ECU: removing ventricular tissue and completing isolation of valve
3.7.2. LAB MEDIA: NativeValve-50335.pptx, slide 2
LAB MEDIA: Fig.2a
4. Polymer and Native Valve Suturing Process

4.1. To secure a valve to the holder, first place it inside the valve holder.  Align the base of the valve with the base of the post holder.  
4.1.1.  WID: establish talent at bench, picks up heart valve and prepares to place it
4.1.2. ECU: placing the heart valve in the holder, alignment of valve base with post holder is clear
4.2. Then, temporarily secure the valve with a paper clip. Be careful not to damage the commissures or the cusps.
4.2.1. CU: placing paper clip
4.2.2. ECU: tension of paper clip on tissue, have talent point out the commissures and cusps with a probe – they should not be damaged
4.3. Now, place sutures at the bottom of the valve holder.  Feed the needle through the first hole and down to the bottom. Then, in a looping fashion, suture the valve to valve holder along the posts.
4.3.1. ECU: sewing the holder from the hole, up the post
4.4. Continue suturing along the circumference of the holder.  
4.4.1. ECU: sewing along the rim of the holder
LAB MEDIA: Fig. 2b
4.5. Finish the suturing with an additional suture around the tips of the posts for added security. 
4.5.1. ECU: adding more sutures to the post holder tips
4.6. Once sutures secure the valve to all the posts, remove the paper clip.
4.6.1. CU: talent turns the holder around completely so all the sutures are visible to the camera, then removes the paper clip (Note: the script indicate just one paper clip, if two or more are used, pluralize the narrative)
LAB MEDIA: Fig. 2c, Figs. 2d and 2e 
5. Hydrodynamic Evaluation 
5.1. In this demonstration, a Vivitro pulse duplicator system is used.  The steps will be different with other systems.
5.1.1. WID: talent approaches the Vivitro pulse duplicator sys, turns it on or fiddles with controls
5.1.2. MED: pan over the Vivitro Pulse duplicator system
5.2. Begin the evaluation, by setting the heart rate of the system to 70 beats per minute.
5.2.1. MED: if the next shot is a SCREEN SHOT, establish it with the talent sitting down to work at computer and/or turning on the software, otherwise skip this shot
5.2.2. CU: setting the heart rate to 70 bpm on controls or computer
Authors, for the actions done on a computer (indicated by SCREEN CAPTURE), please provide a movie file of the action being performed generated by screen capture software.  Then name the file according to the shot and upload it to your project folder.  Thanks. 
5.3. Next, select a flow waveform to drive the pump, which in this case is the S35 waveform.  (TEXT:  See Lim, et al. (2001) for specific waveforms.)
5.3.1. CU: setting flow waveform to S35
5.4. Now, switch on the amplifier and piston pump … and allow them to warm up for fifteen minutes.
5.4.1. MED: turning on the amplifier and piston pump
5.4.2. WID: talent leaves sets a timer and goes to get the valve
5.5. When testing a bi-leaflet valve, position it into the system in the aortic position.
5.5.1. CU: positioning a bi-leaflet valve into the aortic position
LAB MEDIA: Fig. 2f   
5.5.2. CU Bi-leaflet valve opening and closing

5.6. For a sutured valve, first position it inside the glass tube for the custom made assembly by sandwiching the tube with the top and bottom pieces and secure them with lateral screws.
5.6.1. CU: positioning a sutured valve into the glass tube
5.6.2. CU: assembling tube with bottom pieces, screwing nuts
5.6.3. Manuel Salinas (author interview added during the shoot): We’ve just inserted the polymer valve. The same insertion procedure will occur for the native porcine valve.
5.7. Then, position the assembly between the aortic chamber and the original aortic valve holder.
5.7.1. MED: placing the assembly between the aortic chamber and valve holder
5.7.2. ECU: positioned assembly after it is attached correctly
5.8. With the valve in position, smear vacuum grease on all of the junctions that could leak.
5.8.1. CU>ECU: smearing grease on junctions of valve, show completed smears in ECU zoom
5.9. Next, add two liters of 35% glycerin in saline, to the atrial compartment.
5.9.1. MED: adding solution to atrial compartment
5.10. Manuel Salinas: Now that the system is filled, the critical step of conducting the hydrodynamic studies is in ensuring proper calibration of the different components of the  closed-loop flow system (pump, flow probe and pressure transducers).
5.10.1. MED/WID: interview style shot in lab
5.10.2. Michael Salinas (interview continued, added during shoot) Since we are dealing with many components that need to be assembled together, it is important that we have at least 2 people working together to set-up the closed-loop flow system
5.11. Now, make sure that the flow transducer is set for aorta position, and turn it on.
5.11.1. CU: the flow transducer set for aorta position
5.11.2. MED: turning on the flow transducer
5.12. Using the instructions under the calibrate tab in the software, calibrate the pump … and then the flow transducer … and then the pressure transducers.  
5.12.1. MED: talent at computer
5.12.2. SCREEN CAPTURE: calibration of pump via instruction on calibrate tab
5.12.3. SCREEN CAPTURE: calibration of flow transducer via instruction on calibrate tab
5.12.4. SCREEN CAPTURE: calibration of pressure transducers via instruction on calibrate tab
5.13. Once the calibrations are complete, start the pump at a low rpm until the fluid fills the aortic compartment.  Check for leaks and seal them with additional vacuum grease.
5.13.1. CU or SCREEN CAPTURE: starting the pump
5.13.2. ECU: fluid filling the compartment, and application of grease to a location that may leak or is leaking
5.14. Turn the two stopcocks to the open position – they are the aortic and ventricular transducers.
5.14.1. CU: turning the first stopcock
5.14.2. CU: turning the second stopcock
5.15. Increase the rpm of the pump until the stroke volume reaches 80 milliliters per beat.
5.15.1. SCREEN SHOT or CU: adjusting the pump speed
5.15.2. SCREEN SHOT or CU: stroke volume climbing to 80 ml/beat
Videographer/Authors: Perhaps the above two shots can be combined if the pump speed and stroke volume measurement are adjacent.
Video editor: if there are two 5.14 shots consider showing them together in a split screen, because the adjustment is done while monitoring the climbing ml/beat
5.16. Permit the system to run for 10 minutes until flow has stabilized. This can be verified by observing the flow and pressure waveforms on the screen. When variation between the cycles is unobserved or very minor, the system has stabilized.
5.16.1. SCREEN CAPTURE: the stabilization of the pressure waveform, be sure to show it being unstable so the change in the pattern can be registered
5.16.2. MED: talent viewing the waveform and when it become adequately stable he/she points at it and gives a thumbs up signal, then starts the “acquire mode”
5.16.3. CU: polymer valve opening and closing
5.17. Now, in the Vivitest software select the acquire mode and click on “collect 10 cycles.” From the analyze mode, click on “table” and save the file.  Also save an image of the waveforms using the photo-snap option.
5.17.1. SCREEN CAPTURE: going to aquired mode for 10 cycles and saving as table
5.17.2. SCREEN CAPTURE: going to analyze menu, click table and save file
5.17.3. SCREEN CAPURE: saving an image of the waveform with photo-snap option
6. Valve Material Comparison
6.1. Five polymer, four native porcine, and two bi-leaflet valves were compared. Flow rate was measured using an electromagnetic flow meter connected to a noninvasive flow probe placed at the interface location of the ventricle and aortic chambers.

LAB MEDIA: Figure 3

6.2. Ventricular pressure was measured in the ventricle chamber using a micro-tip pressure transducer.  Superimposed on this result are reported values for native and bi-leaflet valves with a 29 mm diameter from the literture.
LAB MEDIA: Figure 4

6.3. Aortic pressure was measured just downstream from the aortic valve position using a micro-tip pressure transducer.  Again, previously reported values for 29 mm diameter valves are also given.

LAB MEDIA: Figure 5

6.4. In summary, many parameters were measured.  The size of the tested valves averaged around 22 mm in diameter.  Bi-leaflet valves were difficult to obtain, hence their sample size is small.

LAB MEDIA: Table 1

7. Conclusion Interview (spoken by you on camera)

7.1. Manuel Salinas: Once mastered, this technique, including sample preparation and hydrodynamic evaluation can be done in 2½ hours if it is performed properly.

7.2. Karla Landaburo: While attempting this procedure, be careful to avoid leaflet tearing during the valve isolation and suturing process of the native porcine valve.  

Sharan Ramaswamy: The goals today were to first, demonstrate that tri-leaflet valve structures can be accommodated into a commercially available pulse simulator so that emerging tri-leaflet polymer heart valve prosthetics can be tested for hydrodynamic functionality and second, to be able to objectively compare these results to native valves and bi-leaflet mechanical valves “implanted” within the same system.  Following this procedure, other research areas can additionally be explored, such as the hydrodynamic functionality of cell-seeded, scaffold assembled tri-leaflet valve constructs for heart valve tissue engineering.
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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.
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