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1. Introduction (Schematic Overview and Interview)

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

This video summarizes a modified procedure used to implant a total artificial heart (TAH) in a patient with a history of congenitally corrected transposition of the great arteries, pulmonary atresia, and ventricular septal defect. (Intro) 

In contrast to a normal heart, the anatomy of this patient’s heart presented a challenge to TAH implantation, as it is characterized by l-looped ventricles, a morphologic left ventricle on the right side and vice-versa, as well as transposed great arteries, with the aorta anterior and leftward to the pulmonary artery.  (C1) 
Editors, begin with Fig 3A, and bring in Fig. 3B alongside it at “the anatomy of this patient’s heart.”  On Figure 3B, highlight the left ventricle which is on the right side of the heart (but on the left as you look at the figure) as “a morphologic left ventricle on the right side”.  Then highlight the other artery on the right side of the figure as “and vice-versa” is narrated.  Next highlight the aorta anterior as narrated, which is the branched open “tube” on the right side of the figure.  Finally highlight the pulmonary artery, which is the open “tube” on the left side of the figure.  

NOTE: It may be possible to use the gloved hand from Fig. 6.tif to point to each structure for this step.  
In patients with normally-structured hearts, the TAH replaces the ventricles in a criss-crossed arrangement. (C2)
Editors, cross fade Fig. 3A to Fig. 2A at “implanted in a criss-crossed arrangement...”

For the patient with transposed arteries and inverted ventricles, the surgical plan included modification of the TAH, such that the right and left pumps were implanted in a parallel orientation. (C3)
Editors, cross fade Fig 3B to Fig 2B. 

The TAH successfully bridged the patient to heart transplantation 5 months after receiving the device, demonstrating that, with technical modification, TAH is feasible even in patients with structurally abnormal hearts. (C4)   

Editors, figure 2C.tif can be shown as this point is narrated.

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

1.1) Dr. Morales: The main advantages of this intervention over existing methods, like ventricular assist devices (VAD), are: 1. TAH doesn’t require immunosuppression, and 2. TAH is a good option for patients with multiple heart defects, since it replaces the full heart rather than requiring multiple corrections to be made to the device (as would be the case with VAD). 
1.2) Dr. Morales: This technique therefore has potential as a more successful way to bridge patients who have chronic rejection, to heart transplant. 
Note: These are general summaries of the interview statements from MVI_7810 and MVI_7812. 
Video editor: The tif files for this protocol often contain layers and hidden elements that will be needed in order to visualize all the steps.  Additional supplemental figures, showing intermediate steps, may also be useful. 
Procedure:
2. Cardiectomy 

2.1. The cardiectomy began with standard pre-operative patient preparation, followed by positioning, prepping, and draping in the normal sterile fashion for the repeat sternotomy.  Upon completion of the repeat sternotomy, the extremely enlarged heart and severe adhesions were immediately noticeable. 
2.1.1. LAB MEDIA:  Figure 4.tif.  Editors, begin with the human torso illustration, and then cross fade to the image with the chest open and the “blank” surface exposed.  Then fade to the layer showing the exposed heart (layer is included in Figure 4).
2.2. Following dissection of the diaphragmatic surface, the aorta, the right femoral vein and the superior vena cava were dissected and cannulated.  The patient was then placed on bicaval cardiopulmonary bypass. 
2.2.1. LAB MEDIA:  Figure 5.tif.  Editors, please transition to this figure from the last point by having the blue, red and yellow tubes going in and out of the heart appear.  TEXT overlay:  see text for details
2.3. The inferior vena cava was dissected and the aorta was cross-clamped.  This allowed complete decompression of the heart.  The aorta and the main pulmonary artery were then divided. 
2.3.1. LAB MEDIA:  Figure 6.tif.  Editors, please animate the clamp (silver instrument at top of figure) going onto the aorta.  Then animate the surgical scissors to cut the pulmonary artery first (the one that is already completely cut in the figure provided) and then to the cut the aorta (the one that is being cut in the figure provided).
2.4. After dissecting the rest of the ventricular surface, the main pulmonary artery, the pulmonary artery branch, and the proximal pulmonary artery branches, the right ventricle was dissected out.  Approximately 3-4 mm of muscle was left below the right atrioventricular valve. 
2.4.1. LAB MEDIA:  Figure 7a.tif.  Editors, please animate the scissors to cut out the right ventricle.
2.5. The left ventricle was then dissected out leaving a 3-5 mm cuff of ventricular muscle below the left atrioventricular valve.
2.5.1. LAB MEDIA:  Figure 7b.tif
.  
3. TAH Implantation

3.1. Using a large Prolene on an MH needle, the previously prepared felt strip with Gore-Tex was whip-stitched to fortify the muscular rim of the ventricular muscle cuffs, and the atrial quick-connect was trimmed to a 3-4 mm rim.  It was inverted and sewn to the muscular cuff both on the left and right sides, to prevent scalloping.
3.1.1. LAB MEDIA:  Figure 7b, Figure 8.tif.  Editors, please transition from figure 7B to figure 8, minus the “Needle holder” layer.  Then add in the “Needle Holder” layer to stitch the white components to the pink component.  The ending figure should have two fully stitched cuffs (can use Supplemental Fig. 8b).
3.2. The ventricles were tunneled out just left of the midline and outflow grafts were cut to the appropriate size.  Then the aorta and pulmonary artery cuffs were sewn using running sutures before excising the right ventricle to pulmonary artery conduit and calcified areas.
3.2.1. LAB MEDIA:  Figure 9.tif.  Editors, please bring in the MH needle and animate it to stitch the long white components to the aorta and pulmonary artery.  The ending figure should have the fully stitched cuffs (Supplemental Fig. 9b). 
3.3. After the atrial cuffs were tested for leaks and the aorta and pulmonary artery anastomoses were tested under pressure, a driveline tunnel was created.
3.3.1. LAB MEDIA:  Figure 10.tif.  Editors, please animate this figure by bringing in the TAH ventricles attached to the white tubes.  Perhaps this can be animated by bringing the device down from the top of the illustration to the bottom of the hole.  Then have the tubes appear to go into the hole and then back out the bottom two holes in the chest. NOTE: Supplemental Fig. 9C may be helpful for this portion of the animation.
3.4. The left TAH ventricle was then connected to the left atrial cuff and then to the aorta.  Then the outflow graft of the aorta was connected to the system and the cross clamp was released slowly
3.4.1. LAB MEDIA:  Figure 11.tif.  Editors, please animate the attachment of the left TAH ventricle to the left atrial cuff (components actually on the right side of the figure). 
3.4.2. LAB MEDIA:  Figure 12a.tif.  Editors, the TAH pump should now be attached to the left ventricle position. Then, animate the release of the clamp at the top of the aorta.
3.5. After this, the TAH right ventricle was connected to the atrial cuff of the right atrium and then to the pulmonary artery.
3.5.1. LAB MEDIA:  Supplemental Fig. 12a modified step.tif.  Editors, please animate the attachment of the right TAH ventricle to the right atrial cuff (components actually on the left side of the figure).  NOTE: This supplemental figure is the same as Fig 12a, but with different layers visible. In particular, there is a layer enabled in this version that connects the right ventricular cuff to the TAH.
3.6. In the final position, the TAH ventricles were aligned in a parallel fashion because the pulmonary artery graft did not cross over top of the aortic graft due to the TGA anatomy. Following complete attachment of the TAH device, the device was turned on.   
3.6.1. LAB MEDIA:  Editors, begin with Fig. 12a from previous, and use arrow or surgeon’s finger to point to the parallel arrangement of the TAH ventricles. At “following complete attachment…” transition to Figure 12b, and then to Figure 13.tif. 
3.7. After achieving homeostasis, the patient was taken off cardiopulmonary bypass and four chest tubes were placed prior to closing the patient, as detailed in the text protocol.
3.7.1. LAB MEDIA:  Figure 4.tif.  Editors, please show the animation shown in 2.1.1 in reverse, starting with the open chest, only with the TAH in place of the heart (Supplemental Fig. 13b should help).  Then animate the closing of the pieces. TEXT overlay:  see text for detailed steps  
4. Results: TAH modification on patient with congenitally corrected transposition of the great arteries (CCTGA) successfully bridged to cardiac transplant

4.1. CT scans show CCTGA with l-looped ventricles and transposed great arteries in the axial view… and the coronal view.  
4.1.1. LAB MEDIA:  Figure 1A-B.  Editors, as “shown in the axial view” is narrated, please bring up 1B to take up the full screen.  Then do the same 1A as “and the coronal view” is narrated.  
4.2. In this case, the patient had severe aortic insufficiency and obstruction of a conduit between the left ventricle and pulmonary artery.  The TAH was considered a better option than support with a temporary ventricular assist device, which would have required multiple concomitant surgical procedures.  
4.2.1. LAB MEDIA:  Figure 1A-B, Supplemental Fig 6.  Editors, for the first sentence, bring up Fig 6B (next to Fig 1A) when “obstruction of a conduit between…” is narrated, as this illustration shows the sickly-looking conduit.  For the second sentence, remove the illustration and go back to the full figure 1 (both A and B).  
4.3. Previously, patients with malformed hearts were not considered candidates for receiving a TAH due to the challenges presented by the unusual anatomy.  This video shows that with technical modification, the TAH can be successfully implanted in a patient with CCTGA.  In this case, the right and left pumps are implanted in a parallel orientation instead of the typical crossed arrangement.  
4.3.1. LAB MEDIA:  10-JM02-20110624CtScanE1.avi.  Rotating 3D reconstruction showing CT of implanted TAH device.   Editors, please repeat the video for narration of this point. 
4.4. The patient in this case report was able to return home and regain health and strength prior to being successfully bridged to heart transplantation five months after receiving the TAH.
4.4.1. LAB MEDIA:  Jordangoinghome_0002.  Editors, please show footage of Jordan with the freedom driver from 3:27- 3:38 as this point is narrated
5. Outcome (said by authors on camera)
5.1. Dr. Morales: [After TAH implantation, the patient was able to go home to wait for his ultimate transplant surgery]
5.2. Dr. Morales: [Patient eventually came back and successfully received heart transplant, and was in good condition for that surgery thanks to TAH.]
5.3. Dr. Morales: [Closing comments about the patient, who “has remained a member of our family here at Texas Children’s” etc.]
Note: These are general summaries of interviews from MVI_7814 and MVI_7815.  Surgical b-roll and b-roll of the patient after surgery (Jordangoinghome_0002.wmv) can also be used as the outcome is said by authors. 
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 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 your media filenames here.
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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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