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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. 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. Please upload all screen captured files to your project page.
Unfortunately, we cannot install screen recording software in the MRI scanner console computer. It is a Unix computer with very limited access, as it is a clinical device. The steps of the script where this limitation is relevant are indicated below. 
With the exception just mentioned, we will upload al remaining post-processing screen shots and mouse actions as requested.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.3., 3.5., 4.1., 5.5., 5.6.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations? N

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

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

1.1. Rui C. Sá: Specific ventilation imaging, or SVI, is a quantitative functional imaging technique that increases our fundamental understanding of lung physiology and our ability to manage respiratory diseases [1].

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

1.2. Eric T. Geier: SVI is radiation-free and requires only a commonly available magnetic resonance imaging scanner and medical oxygen, making the technique safe for children and ideal for repeat studies in adults [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. Eric T. Geier: The translation of SVI to clinical practice may improve the management of asthma, as it will allow the identification of lung areas that are most affected by the disease [1].

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

1.4. G. Kim Prisk: The ability to map regional changes within the lung in response to therapy may help in optimizing inhaled therapies and inform individualized therapy choices [1]. 

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

1.5. Rui C. Sá: Visual demonstration of the technique highlights how easily the procedure can be implemented [1]. 

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



Introduction of Demonstrator (Said by you on camera):

1.6. [bookmark: _GoBack]Rui C. Sá: Helping demonstrate the procedure will be Rebecca J. Theilmann, a Research Scientist, and Chantal Darquenne, a professor in the Department of Medicine [1][2]. 

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.7. Procedures involving human subjects have been approved by the University of California, San Diego, Human Research Protection Program Institutional Review Board (IRB). 



Section - Protocol
2. Subject Safety and Training
2.1. [bookmark: _Hlk3197833]Before beginning the procedure, obtain written, informed consent from the Subject [1] and describe the potential risks presented by the exposure to rapidly changing magnetic fields [2] and the potential discomforts of using a facial mask and breathing dry gas [3].
2.1.1. WIDE: Subject handing Talent filled out consent form
2.1.2. MED: Talent gesturing to safety signs in/outside MRI room (Videographer Comment: 2nd half of take 2 is really take 3)
2.1.3. MED: Talent mimicking putting on face mask and/or showing face mask to Subject
2.2. Confirm that the Subject can safely undergo magnetic resonance scanning, utilizing the locally approved magnetic resonance imaging, or MRI (M-R-I), safety screening questionnaire [1].
2.2.1. CU: Shot of filled out safety questionnaire/Shot of questionnaire being filled out
2.3. Train the subject to breathe in time with the MR scan sequence [1] and measure the Subject’s nose-to-chin dimensions to determine the size of the face mask that will best fit the Subject [2-TXT].
2.3.1. MED: Talent breathing and gesturing for Subject to breathe w/ Talent/Subject watching and breathing with Talent 
2.3.2. CU: Subject’s nose-to-chin dimensions being measured TEXT: Mask should fit comfortably w/o air leakage between mask/skin
2.4. Then verify that the Subject’s pockets and clothing are free from magnetic-based credit cards and iron-containing metal pieces [1].
2.4.1. MED: Subject checking pockets/clothing and/or removing credit card or similar and placing in storage container


3. MRI Environment Preparation
3.1. To prepare the MR scanner, connect a torso coil to the appropriate connector in the scanner table to configure the scanner for use [1] and place sheets, pads, and pillows on the scanner table so that the Subject will be comfortable for at least 30 minutes of imaging [2].
3.1.1. WIDE: Talent connecting coil to connector
3.1.2. MED: Talent placing sheets, pads, and/or pillows on table
3.2. To assemble the oxygen delivery system, place a two-way switch valve within reach of the Scanner Operator [1] and use a piece of 8-meter-length, ¼-inch-diameter plastic tubing to connect the oxygen supply to one inlet of the switch valve [2].
3.2.1. MED: Talent placing valve within reach of operator 
3.2.2. MED: Talent connecting supply to inlet
3.3. Connect the outlet of the switch valve in the control room to the ¼-inch plastic tubing [1] and feed the tubing through the pass-through from the control room to the scanner room [2], taking care that the tubing reaches the middle of the scanner bore [3].
3.3.1. MED: Talent connecting outlet to tubing
3.3.2. MED: Talent feeding tubing through pass-through
3.3.3. CU: Tubing reaching middle of scanner bore 
3.4. Secure the flow-bypass attachment to the face mask for the Subject [2] and connect the ½-inch end of the tubing to the flow-bypass mask attachment [1].
3.4.1. MED: Talent connecting tubing to attachment (Move below 3.4.2)
3.4.2. CU: Attachment being secured to mask
3.4.1. MED: Talent connecting tubing to attachment
3.5. Set the pressure on the oxygen supply outlet regulator to a value that produces a flow of oxygen greater than the expected peak inspiratory flow according to the nature of the study and the overall resistance of the gas delivery system [1].
3.5.1. MED: Talent setting pressure
3.6. Then activate the flow of oxygen to test the switch valve, making sure an adequate flow is present at the outlet of the flow-bypass attachment and that no leaks are present in the plastic tubing [1].
3.6.1. MED: Talent activating flow/checking attachment and/or tubing
4. Instrumentation and Subject Imaging Preparation 
4.1. To prepare the Subject for the imaging, have the Subject lie on the scanner table [1], making sure that the top of the lower-coil element is higher than the Subject’s shoulders to ensure that the top of the lower-coil element provides an adequate coverage of the lung apices [2].
4.1.1. WIDE: Subject getting up on scanner table
4.1.2. MED: Talent placing coil element higher than Subject shoulders
4.2. Have the Subject insert earplugs [1] and verify that sound is being blocked [2].
4.2.1. MED: Subject inserting earplug
4.2.2. MED: Talent putting hands near mouth to imply shouting/talking loudly and Subject giving a thumbs up or similar gesture to indicate they cannot hear what the Talent is saying 
4.3. Tape a safety mechanism to the Subject’s wrist so that it can be easily accessed [1] and attach the mask and flow-bypass system to the Subject’s face [2].
4.3.1. MED: Talent taping mechanism to Subject’s wrist
4.3.2. MED: Talent attaching mask to Subject’s face
4.4. Briefly occlude the expiratory side of the flow-bypass attachment and ask the Subject to attempt a normal inspiration and expiration to check for leaks [1].
4.4.1. MED: Talent occluding expiratory side/Subject attempting normal inspiration
4.5. Now load the Subject into the scanner, using the light centering tool to make sure that the torso coil occupies the center of the bore [1], and connect the flow bypass line to the 3D-printed flow-bypass mask attachment using the tight-fitting brass nut to the inlet [2].
4.5.1. MED: Subject being loaded into scanner
4.5.2. MED: Talent connecting bypass line to attachment Videographer: CU shot would be better if possible (maybe outside MRI room if possible) (Videographer Comment: Did not shoot, repeated step) (Editor: I’m not sure if they mean that the step is repeated and does not need to be shown, or if the action is one that happened before and we can use the previous shot here. If it’s the latter, 3.4.1 might work )
5. MR Imaging and Specific Ventilation Map Creation 
5.1. After selecting the lung location for imaging slices, acquire a localizer sequence to obtain an anatomical map that will be used to prescribe the rest of the exam [1].
5.1.1. WIDE: Talent at computer, acquiring sequence, with monitor visible in frame 
5.2. Use the scanner graphical user interface to click and drag the imaging slice centered in the lung field targeting the region of interest to the desired location to select up to four sagittal lung slices to be studied [1-TXT].
5.2.1. SCREEN: Slice(s) being clicked and dragged Videographer: Please film screen TEXT: Minimize intrusion of large pulmonary vessels/chest wall
5.3. Then make a note of the location of the imaging slices with respect to the location of the spinal column so that the same volume can be reimaged for longitudinal studies [1].
5.3.1. MED: Talent making note, with monitor visible in frame as possible 
5.4. For specific ventilation imaging, set the inversion time in the MR computer for the most medial slice to 1100 milliseconds to maximize the air-oxygen contrast, the number of repetitions to 220, and the repetition time to 5 seconds [1].
5.4.1. SCREEN: Inversion time being set, number of repetitions being set, and repetition time being set Videographer: Please film screen
5.5. Monitor the consistency of the Subject’s lung volume end expiration during subsequent acquisitions [1] and provide feedback to improve the quality if necessary [2-TXT]. 
5.5.1. SCREEN: Shot of lung volume/expiration acquisition(s) Videographer: Please film screen OR LAB MEDIA: To be provided by Authors: Post-processing example
5.5.2. MED: Talent pressing keyboard talk button, suggesting feedback TEXT: Increase TR if subject finds difficulty reaching consistent lung volume every 5 s (Videographer Comment: end of take 2 is really take 3)
5.6. Switch the Subject’s inspired gas mixture every 20 breaths during the acquisition breath hold for the Subject’s comfort, alternating between the room air and medical oxygen [1].
5.6.1. MED: Talent switching gas mixture
5.7. Check the pulse oximeter regularly to verify the heart rate and oxygen saturation [1] and check in with the Subject frequently to give regular updates of the time remaining [2].
5.7.1. CU: Shot of oximeter reading
5.7.2. MED: Talent looking at watch or clock or similar and telling Subject time left
5.8. After breath 220, the imaging is complete [1]. Return the Subject to room air and remove them from the scanner [2].
5.8.1. SCREEN: To be provided by Authors: Shot of breath 220 data Videographer: Please film screen OR LAB MEDIA: To be provided by Authors: Post-processing example
5.8.2. MED: Scanning bed being unloaded
5.9. To create a specific ventilation map, import the images for registration into the image analysis software [1] and visually inspect the entire 220-image stack to select the image for each slice that best represents the functional residual capacity [2].
5.9.1. MED: Talent importing images, with monitor visible in frame
5.9.2. SCREEN: To be provided by Authors: Images being flipped through
5.10. Using the “mode” image as a reference, use projective or affine registration to register all of the images to the functional residual capacity reference and quantify the specific ventilation in the lung from the registered stack using an appropriate algorithm. A map of the specific ventilation will be created [1-TXT].
5.10.1. SCREEN: To be provided by Authors: Mode image being selected, then image(s) being registered, then specific ventilation being quantified TEXT: Perform registration using in house-developed algorithm/publicly-available generalized-dual bootstrap iterative closest point algorithm, then shot of map
Section – Results
6. Results: Representative Specific Ventilation Imaging (SVI) and Multiple Breath Washout (MBW) Analyses 

6.1. SVI produces quantitative maps of specific ventilation [1], for example, as shown in this single slice image in the right lung of a 39-year-old healthy female [2].

6.1.1. LAB MEDIA: Figure 3A
6.1.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize entire area of signal in middle of image

6.2. Note the presence of the expected vertical gradient in the specific ventilation, with the dependent portion of the lung presenting a higher specific ventilation [1] than the non-dependent portion of the lung [2].

6.2.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize red signal
6.2.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize blue signal

6.3. A histogram of the mapped specific ventilation values [1] with a best-fit log-normal probability distribution function [2] allows the width of the best-fit distribution to be used as a metric of specific ventilation heterogeneity [3].

6.3.1. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize circle line
6.3.2. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize dotted line
6.3.3. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize width under dotted line peak from about 0.1 to 2/where right side of peak touches x-axis

6.4. Here a multiple breath washout acquired in the same subject, in the same posture, is shown [1]. The temporal recording of nitrogen concentration was measured at the mouth following a shift from inspired air to inspired 100% oxygen [2].

6.4.1. LAB MEDIA: Figure 1A: JoVE Video Editor please emphasize data line in Volume graph
6.4.2.  LAB MEDIA: Figure 1A: JoVE Video Editor please emphasize data line in N2 concentration graph

6.5. In this distribution of specific ventilation as estimated from the washout, for both specific ventilation imaging and multiple breath washout [1], the width of the distribution was found to be within the healthy normal range [2]. 

6.5.1. LAB MEDIA: Figure 1B
6.5.2. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize dotted data 




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Eric T. Geier: Training the subjects to breathe in time with the scanner (Step 2.3.) and giving them feedback during the acquisition (Step 5.5.) can help to ensure good quality data [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Rui C. Sá: Combined with measurements of perfusion and density, SVI allows us to compute the ratio of ventilation to perfusion in the lung to define the regional efficiency of gas exchange [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Rui C. Sá: This asthma model has been used to better understand the distribution of ventilation after heavy exercise and the spatial characteristics of repeated bronchoconstriction [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.4. Eric T. Geier:  The magnetic resonance environment requires attention to safety, as the strong magnetic field is always on and ferromagnetic objects can become projectiles, resulting in injury [1]. 
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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