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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C. Which steps of your protocol will viewers benefit most from having filmed?
3.4., 3.6., 3.12., 3.13.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4., 3.6.
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 create an anatomically-realistic neonatal heart with four valves and four heart chambers in a single casting cycle. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Mark Thielen: This method can help answer key questions in the neonatology field, such as, how much cardiac output is generated during chest compressions?
1.2. Mark Thielen: The main advantage of this technique is that it enables the production of a flexible heart model without decreasing the level of anatomical realism.  

C. Optional Interview Statements
: (Said by you on camera. Don’t forget to smile!) 
Mark Thielen: The implications of this technique extend toward furthering our understanding of the function of the heart during cardiac pulmonary resuscitation, as this photopolymer heart model can be physically compressed. 
Mark Thielen: Though this method can provide insight into cardiac neonatology, it can also be applied to questions about the respiratory system or heart valve calcification.
Mark Thielen: Generally, individuals new to this method will struggle because the CAD modeling is complex and the casting speed is fast paced.
Mark Thielen: We first had the idea for this method when we were wondering how the quality of chest compressions was measured.
Mark Thielen: Visual demonstration of this method is critical, as the modeling and casting steps are difficult to learn because of the organic complexity of the heart.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Mark Thielen: Demonstrating the procedure with me will be Jasper Sterk, a technician from our laboratory. 
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Maxima Medical Center Veldhoven, The Netherlands.
Protocol: (read by voice talent at JoVE)
2. Image Acquisition & Segmentation and Processing & Mold Printing
2.1. To acquire image segments of a representative neonatal heart, first open an appropriate processing software program [1-WIDE] and import a neonatal thoracic magnetic resonance image, or MRI, formatted as a digital imaging and communications in medicine file [2-SCREEN].

2.1.1. Few seconds Talent at computer, opening software, with monitor visible in frame

2.1.2. *To be provided by Authors: Few seconds MRI image being imported

2.2. Using the ‘Editing Masks’ tool, select the area of the heart muscle on each MRI slice where the heart is present and create a new sketch layer [1-SCREEN].
2.2.1. *To be provided by Authors: Few seconds area being selected on at least one slice, then few seconds new sketch layer being created 
2.3. Separately segment the two atria and the two ventricles in the same manner and use the ‘Calculate 3D’ tool to render the muscle and chambers into separate 3D representations [1-SCREEN-TXT].
2.3.1. *To be provided by Authors: Few seconds at least one atrium being segmented, then shot of all pieces segmented if appropriate (TEXT: Do not segment valves between atria and ventricles/ventricles and arteries), then few seconds Calculate 3D tool being used to render at least one tissue and/or chamber into a 3D representation
2.4. Then use the ‘Stereo Lithography plus’ tool to export the segments as five stereo lithography files using the optimal resolution for each file [1-SCREEN].
2.4.1. *To be provided by Authors: Few seconds at least one segment being exported 
2.5. For processing and printing of the neonatal heart mold pieces, load the atria and ventricle valve mold files into a computer-aided design software program [1-MED-over the shoulder-TXT] and use the original MRI to determine the positions of the aortic, pulmonary, mitral, and tricuspid valves [2-SCREEN].
2.5.1. Few seconds Talent at computer, loading file(s) (TEXT: Obtain valve mold files here: https://www.dropbox.com/sh/1f1b88h940yz5s6/AAAsAo8SZ2XaVgVsTvrCBjcWa?dl=0) 
2.5.2. *To be provided by Authors: Few seconds MRI being used to determine valve positions
2.6. Using the ‘insert part’ function, drag the valve files for the positive and negative mold halves for each valve to their respective positions in the loaded set of atria and ventricles into the current file and click the location on the surface of the atrium or ventricle to indicate the position of placement [1-SCREEN].

2.6.1. *To be provided by Authors: Few seconds files being dragged, then location being clicked for one placement
2.7. Under the ‘Features’ tab, select ‘Extrude boss-base’ to extrude the bases of the positive and negative valves so that the valves protrude into their respective chambers and merge the valve parts as appropriate [1-SCREEN-TXT].

2.7.1. *To be provided by Authors: Extrude boss-base being selected/valves protruding into chamber(s), then few seconds at least one part being merged (TEXT: Mitral valve: 2 semilunar parts; tricuspid, aortic, and pulmonary valves: 3 parts)
2.8. Add the pulmonary and aortic valve files to their respective ventricle locations and open the ‘Sketch’ tab and select the ‘Circle’ tool [1-SCREEN].

2.8.1. *To be provided by Authors: Few seconds file(s) being added to location, then Sketch tab being opened and Circle tool being selected
2.9. Then open the ‘Feature’ tab and use the ‘Sweep boss-base’ function to sketch two, arching, 5-mm-diameter cylinders from the tops of the valves until both circular cylinder surfaces reach the horizontal position [1-SCREEN].
2.9.1. *To be provided by Authors: Few seconds Sweep boss-base function being used to sketch at least one cylinder, then shot of both cylinder surfaces reaching horizontal position 
2.10. After merging the valve parts to their respective ventricles and arteries, select the ‘Circle’ tool again and use the ‘Extrude boss-base’ function to extrude 5-mm-diameter vertical cylinders from the base of each of the four chambers until the cylinders are 40 mm in length and protrude into their respective chambers [1-SCREEN].
2.10.1.  *To be provided by Authors: Shot of merged valve parts, then few seconds Circle tool being selected and Extrude boss-base being used to extrude 5-mm-diameter vertical cylinders from the base of at least one chamber, then shot of 5 chambers protruding into respective chambers 
2.11. Next, open the ‘Sketch’ tab and select the ‘Sketch circle’ tool. Then, to create different depth indentations, open the ‘Features’ tab and use the ‘Cut-Extrude’ function to sketch semicircles on top of the cylinders to add differential notches to the cylinders [1-SCREEN].
2.11.1.  *To be provided by Authors: Sketch tab being opened, then Sketch circle tool being selected, then Features tab being opened and Cut-Extrude function being used to sketch semicircles on top of cylinders/notches being added 

2.12. To subtract the shapes from the chambers and arteries, right-click to select the solid body of the chamber and artery of interest and select the ‘Combine’ function to allow the subtract setting to be selected [1-SCREEN-TXT].

2.12.1.  *To be provided by Authors: Few seconds solid body being selected, then Combine function being selected/subtract setting being selected (TEXT: Do not merge selected parts/Save all chambers and arteries separately)
2.13. After saving the chambers and arteries, import the heart muscle model [1-MED-over the shoulder].

2.13.1.  Few seconds Talent importing heart muscle model, with monitor visible in frame
2.14. Then start a new sketch and hold down the ‘shift’ key to select all of the cylinder base sketches [1-SCREEN].

2.14.1.  *To be provided by Authors: New sketch being started, then all base sketches being selected
2.15. To offset the six-cylinder base sketches by 2 mm, open the ‘Sketch’ tab and select ‘Convert entities’ [1-SCREEN].

2.15.1.  *To be provided by Authors: Sketch tab being opened, then Convert entities beings elected
2.16. Open the ‘Features’ tab and use the ‘Extrude boss-bass’ function to merge the arching cylinders with the heart muscle model [1-SCREEN-TXT].

2.16.1.  *To be provided by Authors: Features tab being opened, then Extrude boss-base being used to merge model/cylinders (TEXT: Ensure heart muscle model opposite atria >2 mm apart)
2.17. To model a cube from the base of the six cylinders down, select ‘Reference geometry’ and open the ‘Sketch’ tab and select the ‘Square’ tool [1-SCREEN].

2.17.1.  *To be provided by Authors: Few seconds reference geometry being selected, then Sketch tab being opened and Square tool being selected
2.18. Then sketch a square with a length and width 4 mm wider than the widest part of the heart muscle model and use the ‘Extrude boss-base’ function to extrude the square downwards with a thickness of 8 mm [1-SCREEN].

2.18.1.  *To be provided by Authors: Few seconds square being sketched, then few seconds square being extruded
2.19. Merge the extruded square to the base of the six cylinders using the ‘Merge parts’ function add 4-mm cubes to each of the 4 corners of the base in the same manner [1-SCREEN].
2.19.1.  *To be provided by Authors: Few seconds square being merged, then few seconds cube(s) being added
2.20. Using the square base as a sketch, extrude the base to cover the entire heart model and subtract all of the other parts from the cover [1-SCREEN].
2.20.1.  *To be provided by Authors: Few seconds base being extruded, then few seconds parts being subtracted 
2.21. Use the ‘Reference geometry’ function to generate a reference plane to the height of interest and select ‘Insert’, ‘Molds’ and ‘Split’ to split the top part of the leftover rectangle at the widest part of the heart model [1-SCREEN].
2.21.1.  *To be provided by Authors: Few seconds reference plane being generated, then few seconds Insert, Molds, and Split being selected 

2.22. Split the leftover rectangle again at the most convenient mold release position in the same manner but in the vertical direction [1-SCREEN].
2.22.1.  *To be provided by Authors: Few seconds rectangle being split
2.23. Then use a jetting printer and rigid, rubber-like photopolymer materials to print the mold parts [1-MED-TXT].

2.23.1.  Few seconds Talent loading printer with photopolymer material(s) (TEXT: Remove post-printing support material build up by waterjet)
2.24. “It is essential to use rubberlike inner molds so that the molds can be removed later without breaking or damaging the model.” [1-MED-interview style]
2.24.1.  Author’s name
, speaking the above interview style (looking just off-camera)
3. Cold Injection Molding & Finishing

3.1. For cold injection molding and finishing of the mold parts, first spray all of the surfaces of all of the printed parts except the valves with a release agent [1-WIDE] and wipe the pieces clean with tissue paper [2-MED].

3.1.1. Few seconds Talent spraying part(s)

3.1.2. Few seconds Talent wiping piece(s)

3.2. After air-drying for 15 minutes, close the base of the mold and two side panels [1-CU] and place the mold on top of two spacers so the base of the mold is not in direct contact with the table surface [2-MED-over the shoulder].
3.2.1. Few second base and at least one side panel being closed (Video Editor: only show was much action as necessary)

3.2.2. Few seconds Talent placing mold on top of spaces 
3.3. Insert a silicone cartridge into a manual dispensing gun [1-CU] and use the gun to add 5 mL of silicone to a measuring cup [2-MED].
3.3.1. Few seconds cartridge being inserted into gun

3.3.2. Few seconds Talent adding silicone to cup

3.4. Mix the silicone with a toothpick [1-CU] and use the toothpick to apply a generous amount of liquid silicone to the negative and positive sides of the right atria and ventricle valves [2-ECU-TXT].
3.4.1. Few seconds silicone being mixed
3.4.2. Few seconds silicone being applied to side(s) of piece(s) (TEXT: Caution: Avoid air bubbles)
3.5. “Pre-coat the valves to ensure their functionality.” [1-MED-interview style]  
3.5.1. Author’s name
, speaking the above interview style (looking just off-camera)
3.6. Connect the two chambers at the right valve angle [1-CU] and push the chambers onto their respective cylinders in the base mold [2-ECU-TXT].

3.6.1. Few seconds chambers being connected

3.6.2. Few seconds one chamber being pushed into one cylinder (TEXT: Repeat for left side)

3.7. Then attach the pulmonary and aortic arched cylinders in a similar manner [1-CU] and allow the silicone to solidify for 2 minutes [2-MED].
3.7.1. Few seconds at least one cylinder being attached
3.7.2. Few seconds Talent setting timer, with model visible in frame

3.8. Attach the top part of the mold and a static mixer to the cartridge [1-MED], squeezing the cartridge until all of the silicone has been dispensed and then releasing the pressure [2-CU].

3.8.1. Few seconds Talent attaching mold and mixer

3.8.2. Last few seconds silicone being dispensed, then pressure being released

3.9. Adjust the entire mold onto the two spacers [1-MED] and insert the gun into the 8-mm injection molding socket [2-CU].

3.9.1. Few seconds Talent adjusting mold

3.9.2. Few seconds gun being inserted

3.10. Squeeze with low pressure over the course of 3 minutes until all of the air vents show signs of silicone overflow [1-CU].
3.10.1.  Last few seconds silicone being squeezed, then vents showing signs of overflow 
3.11. Then insert a metal spacer into the crack between the top and lower parts of the mold to open the top of the mold [1-ECU].

3.11.1.  Few seconds metal spacer being inserted
3.12. Remove the side parts of the mold one at a time in the same manner, taking care not to puncture the heart wall [1-CU], and use a scalpel to pierce any bubbles in the silicone [2-ECU].
3.12.1.  Few seconds side(s) being removed

3.12.2.  Few seconds bubble(s) being pierced  
3.13. Use a toothpick to fill any bubble holes with silicone [1-CU] and allow the model to cure for another 30 minutes [2-MED].

3.13.1.  Few seconds hole being filled

3.13.2.  Few seconds Talent setting timer, with model visible in frame

3.14. When the model is ready, firmly enclose the heart model with one hand [1-CU] and use compressed air to blow the model off of the base of the mold, leaving the six inner molds in the heart model [2-CU-TXT]. 
3.14.1. Few seconds model being enclosed

3.14.2.  Few seconds model being blown off base of model (TEXT: Caution do not rupture heart wall)

3.15. Use a syringe of water to fill and pressurize the left and right ventricles to release the inner molds [1-ECU].
3.15.1.  Few seconds ventricles being filled/molds being released 
3.16. Then use a Magill forceps to pull out the inner two mold parts without compressing the valve segment [1-CU-TXT].

3.16.1.  Few seconds mold(s) being removed (TEXT: Repeat for pulmonary/aortic arteries and left/atria inner molds)
4. Results: Representative Thermoplastic Polyurethane (TPU) Printing
4.1. This 3D-model printing method can also [1-LM] be applied to other internal organs such as the lungs [2-LM] or to bone structures such as the ribs [3-LM].
4.1.1. Figure 7.jpg: no animation
4.1.2. Figure 7.jpg: please indicate black model in bottom image

4.1.3. Figure 7.jpg: please indicate ribs in top image

4.2. A high resolution of the intricate, 3D-printed model parts is essential for the generation of small organic components such as those used in the heart model system [1-LM].
4.2.1. Authors: please upload the images from Figure 1 without the accompanying arrows and text boxes through the submission link as a new .ai or .psd file: please add/indicate blue, mauve, gold, and lilac mold parts OR no animation
4.3. Using very flexible inner mold materials for the 3D printing allows the creation and release of complex, organic structures [1-LM] that would be destroyed during the removal of the inner chambers if stiffer printing materials were used [2-LM].
4.3.1. Authors: please upload the images from Figure 6 through the submission link as a new .ai or .psd file without the arrows and text boxes: please indicate heart-shaped model in center of image
4.3.2. Figure 6: no animation

5. Conclusion 
(said by authors on camera):
5.1. Mark Thielen: After its development, this technique paved the way for researchers in the anatomy field to explore neonatal patient physiology.
5.2. Mark Thielen: After watching this video, you should have a good understanding of how to create an anatomically-realistic neonatal heart with four valves and four heart chambers in a single casting cycle.
5.3. Mark Thielen: Don't forget that working with sodium hydroxide can be extremely hazardous and that precautions, such as wearing hand and eye protection, should always be taken while performing this procedure.  

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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.

�Authors: You do not have to include any steps that will be screen captured.


�Authors: These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author.


�Authors: Please indicate the name of the Author who will be speaking this statement.


�Authors: Please indicate the name of the Author who will be speaking this statement.


�Authors: These statements were edited for length and/or clarity.
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