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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 3.2.-3.5.,4.1.,4.5.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.4.-4.5. with regards to the ventriculectomy, it is important to leave a supporting rim of ventricular myocardium around the annulus; this supports suture placement and also supports the entire pump and prevents torsion of the pump with the atrial cuff. 
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to perform a complete heart replacement in a large animal model using two centrifugal implanted pumps. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Author Name: This method can help answer key questions in the surgical heart failure field about the optimal speed settings for intracorporeal biventricular heart replacement using two centrifugal flow ventricular assist devices.
1.2. Author Name: The main advantage of this technique is that it allows real time pulmonary and systemic flow assessment in situations where a total artificial heart is not an option. 
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Duke University Medical Center.
Protocol: (read by voice talent at JoVE)
2. Median Sternotomy and Cardiopulmonary Bypass (CPB) 
2.1. After performing a sternotomy, score the bleeding muscle edges with an electric cautery tool [1-WIDE-TXT] and apply bone wax to the sternum to help with any residual bleeding [2-CU-TXT].
2.1.1. Few seconds Talent scoring edges (Videographer: Please show Talent and only area of animal where cautery is happening as possible) (TEXT: See text for full surgical preparation details)
2.1.2. Few seconds bone wax being applied to sternum (TEXT: Anesthesia: Telazol 4.5 mg/kg i.m. + 1-4% isoflurane)
2.2. Use the cautery tool to remove the thymus [1-ECU] and enter the pericardium in a longitudinal fashion, reflecting from the diaphragm to the aorta [2-CU].
2.2.1. Few seconds thymus being removed

2.2.2. Few seconds pericardium being entered/reflected from diaphragm to aorta 

2.3. Using five 2-0 silk sutures, bring all of the corners of the pericardium directly anterior to the skin [1-CU] to create a pericardial cradle for supporting the heart [2-ECU].

2.3.1. Few seconds at least one corner being gathered

2.3.2. Last few seconds cradle being made/supporting heart

2.4. Dissect the connective tissue to create a 3 inch long window between the aorta and the pulmonary artery [1-CU]. Then apply a purse string 3-0 polypropylene suture to the ascending aorta proximal to the bifurcation [2-ECU].
2.4.1. Few seconds tissue being dissected

2.4.2. Few seconds suture being placed 

2.5. Use blunt dissection to circumferentially free the superior vena cava, or SVC (Pronounce: S-V-C), [1-CU] and place a second purse string using a 3-0 polypropylene suture [2-ECU].
2.5.1. Few seconds SVC being dissected/freed

2.5.2. Few seconds second suture being placed 
2.6. Administer an initial dose of 300 U of heparin/kg to achieve an activated clotting time greater than 400 seconds and to establish systemic heparinization [1-CU].
2.6.1.  Few seconds heparin being administered
2.7. Then use a no.11 blade to incise the aorta [1-CU] and insert an 18 French arterial cannula [2-ECU].
2.7.1. Few seconds blade incising aorta 
2.7.2. Few seconds cannula being inserted
2.8. After de-airing the cannula, attach it to the arterial line of the cardiopulmonary bypass, or CPB (Pronounce: C-P-B) [1-CU].
2.8.1. Few seconds de-aired cannula being attached to arterial line/being attached to arterial line

2.9. Place a 28 French right angle cannula in the SVC [1-CU] and initiate the CPB [2-MED].
2.9.1. Few seconds cannula being placed

2.9.2. Talent starting CPB
2.10. Cannulate the inferior vena cava, or IVC (Pronounce: I-V-C), as just demonstrated for the SVC [2-CU-TXT].

2.10.1.  Few seconds cannula being placed (TEXT: IVC cannula during CPB allows better hemodynamic management)
2.11. Then use a Y connector to splice together the SVC and IVC drains into one main circuit [1-ECU] and loop both the SVC and IVC with umbilical tape to allow complete blood isolation from the heart [2-CU].
2.11.1.  Few seconds connector being placed

2.11.2.  Few seconds tape being placed 

3. Ventriculectomy

3.1. While on full cardiopulmonary support, use the tape to snare down the SVC and IVC [1-WIDE] and apply an aortic cross clamp proximal to the aortic cannulation site [2-CU].
3.1.1. Few seconds Talent snaring down SVC and IVC (Videographer: Show Talent and only area of animal being snared in shot as possible)

3.1.2. Few seconds clamp being placed 
3.2. When the clamp is in place, circumferentially excise the ventricular tissue 1-2 cm distal to the right and left atrioventricular grooves [1-CU], leaving the rim of the ventricular muscle with the mitral and tricuspid annuli to provide further support for the implantation of the sewing rings [2-ECU].
3.2.1. Few seconds tissue being excised

3.2.2.  Shot of rim with mitral and tricuspid annuli
3.3. Transect the sub-valvular apparati for the mitral and tricuspid valves as they are encountered [1-CU] and excise the right ventricular outflow tract, or RVOT (Pronounce: R-V-O-T), muscle [2-ECU] and the RVOT itself, including the pulmonary valve [3-ECU].
3.3.1. Few seconds apparati being transected

3.3.2. Few seconds RVOT muscle being excised (Videographer: Combine 3.3.2. and 3.3.3. as appropriate)
3.3.3. Few seconds RVOT/valve being excised (Videographer: Combine 3.3.2. and 3.3.3. as appropriate)
3.4. Next, open the left ventricular outflow tract, or LVOT (Pronounce: L-V-O-T), taking care to preserve the posterior aspect of the aortic valve as part of the aorto-mitral curtain [1-CU].
3.4.1. Few seconds LVOVT being opened 
3.5. Then resect the residual interventricular septum, leaving at least a one centimeter rim of muscle at the mitral and tricuspid annuli [1-ECU], and ligate the orifice of the coronary sinus with 5-0 polypropylene sutures [2-CU].
3.5.1. Few seconds septum being resected

3.5.2. Few seconds suture(s) being placed 

4. Implantation of Centrifugal Flow Pumps (CFP) and Biventricular Assist Device Flow Establishment
4.1. For implantation of the centrifugal flow pumps, or CFP (Pronounce: C-F-P), first use pledgeted, interrupted, 2-0 braided sutures to secure a sewing ring to the ventricular tissue and mitral valve annulus [1-WIDE], exiting the sutures on the epicardial surface of the ventricular muscle rim and bringing the sutures through the sewing ring [2-CU-TXT].

4.1.1. Few seconds Talent suturing ring (Videographer: Please show Talent and only as much animal as being sutured in shot as possible)

4.1.2. Few seconds ring being placed/sutures exiting surface and through sewing ring (TEXT: i.e. avoid tissue “bunching” around ring/bunching interferes w/ ring-pump coaptation)

4.2. Using a similar approach, attach the sewing ring to the right ventricle muscle rim and tricuspid annulus [1-CU] and attach the CFPs to the sewing rings, using the standard locking mechanism to secure the pumps [2-CU-TXT].

4.2.1. Few seconds second ring being sutured
4.2.2. Few seconds one CFP being attached and locked (TEXT: Orient CFPs to access locking mechanism as necessary)

4.3. Adjust the outflow graft length according to the orientation of choice [1-CU] and cut the outflow graft to the appropriate length [2-ECU-TXT].
4.3.1. Few seconds graft length being adjusted
4.3.2. Few seconds graft being cut (TEXT: Overlength graft may kink)
4.4. Bevel the cut of the graft if the diameter is less than that of the aorta or pulmonary artery [1-ECU].
4.4.1. Few seconds graft being beveled
4.5. Using running 4-0 polypropylene sutures, anastomose the outflow grafts to the aorta for the left CFP [1-CU] and to the main pulmonary artery for the right CFP in an end to end fashion [2-CU], releasing the tape on the SVC and IVC drainage cannulas prior to completing the anastomoses to fill the pumps and grafts [3-CU].

4.5.1. Few seconds graft being sutured to left CFP

4.5.2. Few seconds graft being sutured to right CFP

4.5.3. Few seconds tape being released

4.6. Start the clearing process, allowing blood to fill the right and left pumps [1-MED], and place an 18 gauge needle into each of the outflow grafts for further de-airing [2-ECU].

4.6.1. Talent starting pumps
4.6.2. Few seconds at least one needle being placed

4.7. Use the ventilator to provide large volume breaths to allow any air trapped in the pulmonary veins to be removed [1-MED].
4.7.1. Talent turning on/manipulating ventilator 

4.8. When the de-airing is complete, remove the needle [1-CU] and use pledgeted 5-0 polypropylene sutures to repair the site [2-ECU].
4.8.1. Shot of de-aired graft/needle being removed

4.8.2. Few seconds suture(s) being placed
4.9. Now start the pumps at 3000 rpm [1-MED] and remove the aortic cross clamp [2-CU].
4.9.1.  Talent starting pump(s)

4.9.2.  Clamp being removed 

4.10. Gradually increase the pump speeds [1-MED] while weaning and terminating the CPB to allow the circulation to be supported entirely by the right and left side pumps [2-CU].
4.10.1.  Few seconds Talent increasing pump speeds

4.10.2.  Few seconds CPB being terminated/circulation being supported by pumps
4.11. Introduce pressure catheters directly into the pulmonary artery and the pulmonary veins [1-CU] and use a purse-string 5-0 polypropylene suture to secure the catheters in place [2-ECU].
4.11.1.  Few seconds catheter(s) being placed

4.11.2.  Few seconds suture(s) being placed 

4.12. Transduce the pressure signals to the software under the labels “pulmonary artery” and “pulmonary vein” [1-MED-over the shoulder] and place ultrasonic flow probes around the ascending aorta and the main pulmonary artery [2-CU-TXT].

4.12.1.  Few seconds Talent transducing pressure signals, with monitor visible in frame 
4.12.2.  Few seconds probe(s) being placed (TEXT: All channels should now be active)
4.13. To establish the biventricular assist device flow, slowly increase first the left CFP speed [1-CU], followed by a slow increase of the right CFP speed [2-CU-TXT], while gradually decreasing the CPB flow [3-MED].
4.13.1.  Few seconds left CFP pump speed increasing

4.13.2.  Few seconds right CFP pump speed increasing (TEXT: Final left CFP speed > final right CFP speed) 

4.13.3. Few seconds Talent decreasing CPB flow 
4.14. Pay careful attention to the hemodynamics, including the systemic blood pressure and central venous pressure [1-MED-TXT].
4.14.1.  Few seconds Talent monitoring blood/central venous pressures (TEXT: e.g. oversetting right CFP/undersetting left CPF = supraphysiologic pressures/pulmonary edema)
4.15. Increase the left and right CFP speeds as necessary [1-MED] to achieve a flow of approximately 4 L/min on each side to achieve normal pulmonary artery and vein pressures [2-CU].
4.15.1.  Few seconds Talent increasing pump speeds
4.15.2.  Few seconds pumps at normal pressure

4.16. Once hemodynamic stability is achieved, remove the SVC and IVC cannulas [1-CU] and tie down the purse-string sutures [2-ECU-TXT]. 

4.16.1.  Few seconds cannula(s) being removed

4.16.2.  Few seconds suture(s) being placed (TEXT: Euthanasia: CFP stoppage under anesthesia) 

5. Results: Representative Outflow Graft Orientation
5.1. In this image, improper ring attachment resulted in “bunching” of the ventricle tissue, which may create a problem with the pump attachment [1-LM].
5.1.1. Authors: please upload the unflattened images in Figure 1 through the submission link together in one .ai, .tif or .psd file without the A or B labels but with the images labeled “Correct placement” and “Incorrect placement” or similar appropriate descriptors: please add arrow as in original Figure 1A
5.2. Here the pumps are positioned so that the outflow grafts are short and exit directly into the connected arteries [1-LM].
5.2.1. Authors: please upload the unflattened image from Figure 2 through the submission link as its own .ai, .tif or .psd file: please sequentially add the PA and Aorta texts with accompanying arrows as in original Figure 2
5.3. In this alternative orientation, the outflow grafts are positioned so that both the right [1-LM] and the left CFPs are able to rotate circumferentially [2-LM] prior to being anastomosed to the pulmonary artery [3-LM] and aorta, respectively [4-LM].
5.3.1.  Authors: please upload the unflattened image from Figure 3 through the submission link as its own .ai, .tif or .psd file: please add “Right heart replacement” text and accompanying arrow as in original Figure 3
5.3.2. Figure 3: please add “Left heart replacement” text and accompanying arrow as in original Figure 3

5.3.3. Figure 3: please add “PA” text and accompanying arrow as in original Figure 3

5.3.4. please add “Aorta” text and accompanying arrow as in original Figure 3
6. Conclusion (said by authors on camera):
6.1. Author Name: Once mastered, this technique can be completed in 3 hours if it is performed properly.

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.  

Insert the filenames of all the media to be included into the video here.
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 in the email accompanying the finalized script.
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