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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N___  

Can you record movies/images using your own microscope camera? (Y/N)__N___   
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __ ___Steps 2.1, 2.4, 3.7, and 3.8, ______ 
D.  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.) __step 2.4. Because this step needs to be closely filmed in the MRI scanner room. However, when approaching the magnet, the video machine may be out of work (for typical smart phones, they will shot down directly)_________________________ 
E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations? _It could be just about 2 minute walking distance if you need another quiet environment to film the data process steps (for these steps, it has to be done on the personal computer).   __________________________________________________

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 apply phase contrast magnetic resonance imaging to noninvasively measure blood flow in the common carotid artery of the rat. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Chiun-Wei Huang: This method can help answer key questions in the cardiovascular field relating to blood flow abnormalities.
1.2. Chiun-Wei Huang: The main advantage of this technique is that it is non-invasive and can be done in any small animal MRI system. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Chiun-Wei Huang: The implications of this technique extends towards the diagnosis of cardiovascular diseases, because it can shed light on hemodynamics alterations.   
1.4. Chiun-Wei Huang: Visual demonstration of this method is critical as the trigger steps are important for successful phase contrast MRI scans, but are difficult to learn and are not commonly used in routine scans.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.5. ** Chiun-Wei Huang: Demonstrating the procedure will be Shao-Chieh Chiu and Shih-Ting Hsu, research assistants from our center.  
1.5.1. Interview style: Author saying the above 

1.5.2. 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) 
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Chang Gung Memorial Hospital. 
Protocol: (read by voice talent at JoVE)  
2. Animal Preparation and Monitoring

2.1. Prior to performing this technique, remove all magnetically susceptible objects such as wallets, keys, and credit cards and leave them outside of the scanner room. [1-MED]
2.1.1. Talent places a few metallic items into a box and moves them outside the room
2.2. Following the initial dose of anesthesia, place the rat in the MRI bed in a head-first prone position, [1-CU] [2.2.2] and deliver 2–3% isoflurane through a nose cone to maintain anesthesia. [2-MED] [2.2.1]
2.2.2. Please move step 2.2.2 above step 2.2.1

2.2.1. Talent places rat in the MRI bed and positions the nose cone

2.2.2. Talent turns on the isoflurane (Move above 2.2.1)
2.3. Monitor the animal’s breathing by placing a respiratory pillow sensor under the animal’s torso [1-CU] [2.3.2] and connect the sensor to a monitoring system.  Check that the rat’s respiration rate is between 40 and 50 beats per minute before proceeding. [2-CU] [2.3.1]
2.3.2. Talent connects it to the monitoring system, turns on the system, and displays the BPM

2.3.1. Talent places respiratory pillow under animal’s torso

2.3.2. Talent connects it to the monitoring system, turns on the system, and displays the BPM (Move above 2.3.1)
2.4. For cine-gated PC-MRI acquisition, place one electrode on the right forepaw and one on the left hind paw. [1-CU] Twist the electrocardiography cables together and ensure that they are connected to the monitor.[2-CU]
2.4.1. Talent places the electrodes under the right fore paw and then left hind paw as described.

2.4.2. *Film as written
2.5. Next, position the rat in a head holder with ear bars and a bite bar to secure the animal and to restrict its head movement.  [1-CU]
2.5.1. Talent finishes placing the rat’s head in the holder

2.6. Then, turn on the warm air heating system or use gauze pads to help the rat maintain its body temperature while in the MRI.[1-MED]
2.6.1. Talent turns on the heat system
2.7. Finally, ensure that the R-wave is clear on the ECG monitor, [1-MED Over the Shoulder-TXT] and place the animal in the scanner. [2-CU]
2.7.1. *Film as written (TEXT: MRI: 7T, 630 mT/m)
2.7.2. *Film as written
3. MRI Acquisition
*Note from authors: 
We are not allow to install other software such as screen capture videos in the MRI computer. We would like to request to film our console monitor. 
3.1. Once the animal is found to be physiologically stable, start the MRI scans.[1-MED]
3.1.1. Talent, at computer, begins setting up the scan
3.2. Select the “Localizer” sequence from the console monitor of the MRI scanner and acquire scout images along all three orientations using any fast image acquisition sequence such as the fast spin echo, to create coronal, axial, and sagittal images. [1-CU]
3.2.1. Videographer films the MRI console monitor directly. (See note above) 
3.3. Look at the scout images to ensure that the center of the animal’s head and neck is at the center of the magnet. [1-CU] If necessary, adjust the animal’s position until the correct position is reached. [2-CU]If the animal is repositioned, repeat the scout image scans. [3-MED]
3.3.1. Videographer films the MRI console monitor directly as an off-center image is taken. (See note above) 
3.3.2. Talent repositions the animal
3.3.3. Talent, at console, begins scout scan 
3.4. Once the rat is properly positioned, select the ”Time-of-flight angiogram” sequence from the console monitor of the MRI scanner and acquire a 2D time of flight angiogram first to ascertain the precise anatomical location of the common carotid artery. [1-CU-TXT]
3.4.1. Videographer films the MRI console monitor directly. (See note above) (TEXT: Scan Parameters: TR/TE = 22/4.87 ms, flip angle = 90°, FOV = 40 × 40  mm2, matrix size = 256 × 256, slice thickness = 0.6 mm, NEX = 1)

3.5. Ensure that the saturation band is “on” and is placed on the top to avoid interference from venous signals.[1-CU]
3.5.1. Videographer films the MRI console monitor directly. (See note above) 
3.6. Shao-Chieh Chiu: “The saturation band usually comes with the Time-of-Flight sequence. If the saturation band does not show on the monitor, please notify the service person.”[1-INT]
3.6.1. Author says the above statement interview style

3.7. After locating the common carotid artery using the Time-of-flight angiogram, target the image plane of the phase contrast magnetic resonance imager to the center of the same artery [1-CU] and orient it such that the slice is perpendicular to the direction of blood flow. [2-LM]
3.7.1. Videographer films the MRI console monitor directly. (See note above) 

3.7.2. Figure 2a
3.8. Ensure that both respiration and ECG gating are connected to the MRI system, [1-CU] showing the clear signal on the monitor computer, and set the trigger module to be “on” in the “Trigger Mode” from the console monitor of the MRI scanner. [2-CU]
3.8.1. Talent points out connections between the ECG/respiration/MRI systems.

3.8.2. Videographer films the MRI console monitor directly showing the respiration and ECG data on the computer monitor and the trigger module being set to be in the “on” position.

3.9. At this point, again confirm that the animal’s physiological responses are stable [1-MED Over the Shoulder] and verify that the gating selections are “on” in both the monitor computer and the console monitor of MRI scanner.[2-MED]
3.9.1. Talent views the physiological response on the monitor
3.9.2. Talent looks at the computer monitor and the console monitor 
3.10. Shao-Chieh Chiu: “Please remember to make sure that the gating selections are “on” in both the monitor computer and the console monitor of MRI scanner.”[1-INT]
3.10.1. Author says the above statement interview style
3.11. Next, select the sequence of PC-MRI sequence from the console monitor of the MRI scanner and perform the gated PC-MRI scans. [1-CU-TXT]
3.11.1. Videographer films the MRI console monitor directly. (See note above)  (TEXT: Scan Parameters: TR/TE=15.55/4.51 ms, flip angle=30°, FOV = 40 × 40 mm2, matrix size = 192 × 192, slice thickness = 2 mm, VENC = 120 cm/s, NEX=8)

3.12. Repeat this process for each region of interest…[1-MED Over the Shoulder] Once all of the regions have been imaged, remove the animal from the scanner and return it to its cage. [2-MED]
3.12.1. Talent begins another scan
3.12.2. *Film as written
3.13. Warm the animal with a heating lamp to maintain body temperature.[1-MED] Keep the lamp at least 15 cm away from the animal to prevent overheating [2-CU]until the animal starts to move and exhibits a response to a tail or toe pinch.[3-CU]
3.13.1. Talent turns on lamp
3.13.2. Show distance between 

3.13.3. Animal moving normally in its cage
3.14. Finally, be sure to save the MRI data and process it as described in the accompanying text protocol. [1-CU-TXT]
3.14.1. Videographer films the MRI console monitor directly. (See note above)   (TEXT: See accompanying text protocol for additional details on data processing) 
4. Data Processing
(Author Comment: We decided not to film this entire section.)
4.1. [1-MED Over the Shoulder]
4.1.1. Talent saves the data as described

4.2. [1-SCREEN] [2-SCREEN]
4.2.1. Screen capture video as talent opens the data set in the software and creates the magnitude image. (Authors: Please submit this screen capture video as Peng_57304_4_2_1.mov/mp4 to your upload link.)
4.2.2. Screen capture video as talent generates the phase image. (Authors: Please submit this screen capture video as Peng_57304_4_2_2.mov/mp4 to your upload link.)
4.3.  [1-SCREEN-TXT]
4.3.1. Screen capture video as talent performs the above step in the order listed (Authors: Please submit this screen capture video as Peng_57304_4_3_1.mov/mp4 to your upload link.) (TEXT: See supplemental code file 1 for an example of the Matlab script)
4.4.  [1-SCREEN]
4.4.1. Screen capture video as talent performs the above step in the order listed (Authors: Please submit this screen capture video as Peng_57304_4_4_1.mov/mp4 to your upload link.)
4.5. [1-SCREEN-TXT]
4.5.1. Screen capture video as talent performs the above step in the order listed (Authors: Please submit this screen capture video as Peng_57304_4_5_1.mov/mp4 to your upload link.)  (TEXT: See supplemental code file 2 for an example of the Matlab script)
5. Results: Blood Flow in the Common Carotid Artery is Age Dependent
5.1. A correct slice having round geometry is pivotal for ensuring the success of the PC-MRI experiment. As angulation increases, the resulting artery geometry becomes ovoid, leading to larger partial volume effects and the overestimation of blood flow. If the slice on the right was observed, the scan should be repositioned and repeated.[1-LM]
5.1.1. Figure 3a/b (Video Editor: Highlight Figure 3a with the first sentence and Figure 3b with the 2nd sentence.)

5.2. When correctly positioned, intra-scan reproducibility of changes in blood flow within one cardiac cycle should be high.  As can be seen, blood flow reaches its maximum during the systolic phase and returns to baseline during the diastolic phase. [1-LM]
5.2.1. Figure 4 (Video Editor: Highlight the peak frame (2) with the words “reaches its maximum during the systolic phase”.)

5.3. The blood flow in the common carotid artery in rats is age dependent, highlighted here in the longitudinal scans by the difference in the peak systolic flow between a 2 month old rat and one that is 4 months old. [1-LM]
5.3.1. Figure 6 (Video Editor: Highlight the 2 month and 4 month data points and lines when mentioned.)
6. Conclusion (said by authors on camera) 
6.1. Shin-Lei Peng: After watching this video, you should have a good understanding of how to apply PC-MRI to noninvasively measure the blood flow in the rat common carotid artery in under 30 minutes if performed properly.
6.2. Shin-Lei Peng: While attempting this procedure, it’s important to remember to connect the gating system properly.
6.3. Shin-Lei Peng: After its development, this technique paved the way for researchers in the field to explore the mechanism behind some cardiovascular diseases.
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 your media filenames 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 are included in the email accompanying the finalized script.
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