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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) No 
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) Yes. 
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

5. Will the filming need to take place in multiple locations? (Y/N) Yes
If yes, how far apart are the locations? The locations are in 500m in our campus. 10 minutes on foot, 5 minutes by car.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Yong-Gu Lee: Shape memory polymers can be programmed to change shape when certain conditions are met. 3D-printing can produce these shapes by stacking layers after layers, allowing us to make any shape imaginable [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Yong-Gu Lee: In this video, we demonstrate how to produce stents that can be shrunk to a compact form when being delivered and recover to the most complex shape at the right moment [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


1.3. Dahong Kim: By the use of our method, it is possible to design custom tailored stents for each patient because anything that can be designed can be exactly manufactured using the 3D-printer [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Authors, some of these statements were removed and modified to meet the word limit (30 words) and statement limit (1 statement/author in optional interview statements).



Section - Protocol
2. Blood Vessel Mock-Up Design and Fabrication by Molding
2.1. Set the diameter of the proximal main vessel to 25 millimeters. Then, set the diameters of the distal main vessel and the side branch equal to 22 millimeters. Set the total length of the vessels equal to 140 millimeters [1]. 
2.1.1. LAB MEDIA: 2.1.1.mp4 
2.2. Next, set the length of the proximal main vessel to 65 millimeters, the distal main vessel to 75 millimeters, and the side branch to 65 millimeters [1].
2.2.1. LAB MEDIA: 2.2.1.mp4 
2.3. The computer model of the branched vessel is then printed by using a fused deposition modeling 3D printer and a polycarbonate filament [1]. 
2.3.1. CU: Branched vessel as talent displays it to the camera.
2.4. Create a box-shaped container that will house the 3D printed part. Set the container dimensions to 110 by 105 by 70 millimeters, and use an acrylic plate. 
2.4.1. LAB MEDIA: 2.4.1.mp4 
2.5. With the 3D printed branched vessel placed at the center of the box, gently pour the silicone inside the container to minimize bubble formation [1]. Dry the liquid silicone and harden it for 36 to 48 hours [2].
2.5.1. CU: Box with branched vessel in the center as talent gently pours the silicone inside he container to minimize bubble formation.
2.5.2. MED: Talent leaves the liquid silicone to harden. 
2.6. Once hardened, remove the solidified silicone from the container and cut it in half to remove the 3D printed part [1]. Rejoin the divided silicone at the cut plane. The resulting joined body is the blood vessel mockup [2].
2.6.1. CU: Solidified silicone as talent cuts it in half to remove the 3D printed part.
2.6.2. CU: Divided silicone as talent rejoins it at the cut plane.
3. Design of the Branched Stent Based on Kirigami and 3D Printing with Shape Memory Polymer Filaments
3.1. Design the trunk of the bifurcated stent following wavy patterns similar to conventional stents, and design the bifurcated branches to be a cylinder [1].
3.1.1. LAB MEDIA: 3.1 and 3.2.mp4
3.2. For the trunk, set the diameter to 22 millimeters and the length to 38 millimeters [1]. For the branch, set the diameter to 18 millimeters and the length to 34 millimeters [2]. Finally, set the total length of the stent to 72 millimeters [3].
3.2.1. LAB MEDIA: 3.1 and 3.2.mp4 – Video editors, please use a still of this video at time code: 0.05 and emphasize the circular portion measuring 22 and the linear portion measuring 38.
3.2.2. LAB MEDIA: 3.1 and 3.2.mp4 – Video editors, please use a still of this video at time code: 0.05 and emphasize the circular portion measuring 18 and the linear portion measuring 34.
3.2.3. LAB MEDIA: 3.1 and 3.2.mp4 – Video editors, please use a still of this video at time code: 0.05 and emphasize the linear portion measuring 72.
3.3. Print the bifurcated stent in a fused deposition modeling 3D printer using a shape memory polymer filament. The major composition of this filament is polyurethane [1].
3.3.1. MED: Talent inserts the SMP filament into the 3D printer. 
3.4. Use slicing software for model slicing and to control the settings of the 3D printer. Set the extruder temperature to 230 degrees Celsius and the temperature of the printer bed to room temperature. Also set the layer height to 0.1 millimeters to minimize the staircase effect [1].
3.4.1. LAB MEDIA: 3.4.1.mp4 – Video editors, please use the zoom bubble to highlight the action being performed in the screen capture movie.
3.5. Then, set the printing speed to 3600 millimeters per minute, and set the amount of interior fill percentage to 80%. Include the supporter formation during printing, which is needed because the interior of the structure is hollow [1]. 
3.5.1. LAB MEDIA: 3.5.1.mp4 – Video editors, please use the zoom bubble to highlight the action being performed in the screen capture movie.
4. Smoothing out the Surface
4.1. Smooth out the surface as rough surfaces can damage the vessels by abrasion [1].
4.1.1. MED or CU: Talent lifts the printed device out of the 3D printer.
4.2. Remove the supporters using cutters. The supporters are attached at the interior of the stent. When removing the stents, exercise extreme caution to avoid tearing the stents [1].
4.2.1. CU: Stent as talent removes the supporters using cutters.
4.3. Rub the surface against sandpaper to remove the layer lines, striations, or blemishes on the printed surface [1]. Repeated polishing may be needed where the supporters are removed by the cutters [2].
4.3.1. CU: Stent as talent rubs the surface against sandpaper. (Author Comment for 4.3.1 and 4.3.2: I think this is the same scene. I filmed the same action from another angle)
4.3.2. ECU: Area where the supporters were removed as talent polishes there.
4.4. Prior to painting, clean, sand, and dry the stent surface [1]. Paint the surface using a spray in a well-ventilated location, and wear a personal mask [2].
4.4.1. CU: Stent surface as talent finishes drying it.
4.4.2. MED or WIDE: Talent in the well-ventilated location prepares to paint by putting the personal mask on.  
4.5. Protect from overspraying by applying thin layers of repeated paints. Use black paints to enhance the contrast between the silicone vessel mockup and the stent [1].
4.5.1. MED or WIDE: Talent applies thin layers or black gray paint. 
5. Deforming the Bifurcated Stent and Insertion of the Bifurcated Stent into the Vessels
5.1. Place the bifurcated stents in warm water such that the temperature is above the glass transition temperature [1]. When the stent becomes softened, push one half of the branch against the other half. Nest one half within the other half [2].
5.1.1. MED: Talent places the bifurcated stents in warm water.
5.1.2. CU: Softened stent as talent pushes once half of the branch against the other half and nests one half within the other half.
5.2. Now, fold the two branches into a single cylinder so that it can travel through the main vessel [1]. Perform the same nesting process to the other branch [2]. Subsequently, the two halves of the cylinders are closed into one [3].
5.2.1. CU: Stent as talent folds the two branches into a single cylinder so that it can travel through the main vessel. (Author Comment: 5.2.1 represents 5.2. So, I want 5.2.1 shots move to 5.2.3. I didn’t shoot 5.2.3. because 5.2.1 and 5.2.3 are almost same action.) (Editor: I have not fully moved this, but have rather copied it. I did that because the authors did not remove or change the VO for this shot, and I wasn’t sure if the two remaining shots would cover the VO entirely. The authors may need to provide additional clarity for what they want done here)
5.2.2. CU: Stent as talent performs the nesting procedure to the other branch.
5.2.3. CU: Stent as talent finishes it up, closing the two halves of the cylinders into one.
5.2.1. CU: Stent as talent folds the two branches into a single cylinder so that it can travel through the main vessel
5.3. Immerse the silicone vessel mockup inside the tank filled with warm water [1-TXT]. Orient the mockup such that the main vessel is above and the branches are below [2].
5.3.1. CU: Tank with warm water as talent immerses the silicone vessel mockup there. TEXT: 55-60 °C
5.3.2. CU or ECU: Mock-up as talent orients it so that the main vessel is above and the branches are below.
5.4. Now, insert the folded bifurcated stent into the opening of the silicone vessel mockup [1]. Orient the folded bifurcated stent such that its branches are towards the opening [2]. 
5.4.1. [bookmark: _GoBack]CU: Folded bifurcated stent as talent inserts it into the opening of the silicone vessel mockup. (Author Comment for 5.4.1 and 5.4.2: I think this is the same scene. I filmed the same action from another angle)
5.4.2. CU: Folded bifurcated stent as talent orients it such that its branches are towards the opening.
5.5. The folded bifurcated stent will start to expand, and the lower branches will divide such that each branch will slide towards its mating pathway from the bifurcation core of the Y-shaped vessels [1].
5.5.1. CU or ECU: Folded bifurcated stent as it starts to expand






Section – Results
6. Results: The Original and Deformed State of the Bifurcated Stent
6.1. The stent uses a kirigami (kir-i-gah-mee) structure to allow the bifurcated stent to fold into a compact cylindrical tube, which is very suitable for sliding through the narrow pathways of blood vessels [1]. 
6.1.1. Figure 11.pdf - Video editors, please emphasize the right picture as this point is narrated. 
6.2. The shape memory polymer allows the folded structure to return to its original shape when the temperature reaches the glass transition temperature. The original shape closely matches the branched vessels [1]. 
6.2.1. Figure 11.pdf - Video editors, please emphasize the left picture as this point is narrated.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Dahong Kim: Make sure to set the temperature of the printer bed at room temperature. We experienced unwanted deformation of the structure when the printer bed temperature was set higher [1]/[2].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 
7.1.2. 3.4.1.mp4 can be shown with the audio from 7.1.1 
7.2. Dahong Kim: The polyurethane can be replaced by a polymer that has a shape memory effect. However, an optimal temperature of memorizing is different depending on the material used [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.  
7.3. Dahong Kim: This procedure produces bifurcated stents that can be inserted into y-shaped blood vessels with a single operation, compared to the multiple operations needed for conventional stents [1]. 

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.  
7.4. Dahong Kim: Our method can be used to treat coronary artery diseases and blood vessels blocked by plaques. The procedure can also open other passageways such as bile ducts, bronchi, and ureters [1].

7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.  
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