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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? 

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  14
Number of Shots:  38 (32 SC) 

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Ethics Title Card
This research uses patient data in accordance with institutional guidelines for patient care, the Health Insurance Portability and Accountability Act of 1996 and was approved by the Institutional Review Board 	Comment by Poornima G: Authors: Please check if this is correct

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Reid Jockisch: The aim of this retrospective case study was to validate the accuracy of the use of protractors in a virtual reality environment. This was a blinded study in which the surgeon’s placement in VR was compared to the actual positioning used in surgery.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. : Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What are the current experimental challenges?
1.4. Dr. Sourabh Lahoti: Currently optimal visualization of brain aneurysms and other intracranial vascular malformations for treatment planning requires 3D rotational angiograms to be taken at the beginning of the procedure. This exposes the patient to radiation and increases procedural times. 

What significant findings have you established in your field?
1.5. Sister M. Pieta: We found that Virtual Reality preoperative planning for oncology cases 50% of the surgical plan change.  The surgeon is more clearly able to define the extent of resection.   We also found that operating and consulting surgeon confidence was increased and time in surgery decreased.  

What research gap are you addressing with your protocol?
1.6. Dr. Matthew Bramlet: Rather than the surgeon creating, in their mind’s eye, the surgical field they will encounter from standard of care imaging, this technology allows exploration of the pre-surgical field in full 3D.  Thus, freeing up working memory by parking the anatomy in a long-term memory store.  Orientation to the surgical field is now immediate, they no longer use working memory to marry the actual anatomy to the various 2D imaging modalities; instead, they almost universally report: “I felt like I had been there before.”

What advantage does your protocol offer compared to other techniques?
1.7. Connor Davey: The use of segmentation and Virtual Reality in the neurological space provides opportunities to save valuable time in the operating room, boost surgeon confidence and increase understanding for complex surgical cases. The human body exists in three dimensions, therefore, viewing anatomy in a 3D space is much more indicative of pathological anatomy than a 2D slice of a CT or MRI.
How will your findings advance research in your field?
1.8. Reid Jockisch: These findings could be used to reduce planning time in the OR. Currently patients must be scanned, and C-arm position is determined during the first steps of the operation. We believe that we can reduce the time the patient is sedated by offering suggestions to C-arm positioning prior to surgery. 
What new scientific questions have your results paved the way for?
1.9. Dr. Sourabh Lahoti: This VR study has the potential to enable us to create optimal visualization angles directly from the CT scan which will obviate the need for the 3D rotational angiogram.
What research questions will your laboratory focus on in the future?
1.10. Dr. Matthew Bramlet: The act of recreating the exact anatomy is the most critical and time-consuming component of this pre-surgical workflow. Segmentation is resource heavy from software to human expertise. Our primary research focus is automating segmentation utilizing Machine Learning techniques to decrease the barrier to entry for deploying this technology at scale. 

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken). 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Virtual Reality Modeling Using Patient-Specific Segment Anatomy for Precision Fluoroscopy Planning
Demonstrator: Connor Davey
Ethics Title Card
De-identified human DICoM data was used in accordance with institutional guidelines for patient care, the Health Insurance Portability and Accountability Act of 1996, and was approved by the Institutional Review Board
Protocol
2.1. To begin, obtain 3-D digital imaging and communications in medicine or DICoM (Dye-com) dataset [1] and import it into the segmentation software [2].
2.1.1. WIDE: Talent taking a seat at the computer and looking at DICoM data on screen.
2.1.2. SCREEN: DICoM data being imported into the segmentation software.
Authors: Please record the shots labeled as SCREEN using the screen capture guidelines attached in the email, create a screenshot summary, and upload the files to your project page: https://review.jove.com/account/file-uploader?src=20199283
Also, please let us know if any of the SCREEN shots are actually not visualized on screen, so that we can modify those shots.

2.2. To create a rough mask of the target anatomy, go to the SEGMENT tab, select New Mask tool [1]. To set the upper and lower threshold boundaries, click and drag them to capture maximum of the relevant target anatomy [2-TXT] or input the desired Hounsfield (hounce-field) unit [3]. Click OK to finalize the rough mask [4].
2.2.1. SCREEN: Segment tab being clicked and New mask tool being selected.
2.2.2. SCREEN: Upper and lower threshold boundaries being set by clicking and dragging within the threshold tool. TXT: Crop to a specific area of the scan to avoid surrounding tissue
2.2.3. SCREEN: The desired Hounsfield Unit being entered
2.2.4. SCREEN: OK being clicked and finalized rough mask appearing.

2.3. In the SEGMENT tab, select Region Grow to separate all voxels of the mask directly connected to the desired voxel [1] and use Edit Mask to add or remove voxels via both the 2D and 3D windows [2]. 
2.3.1. SCREEN: Segment tab being selected, followed by Region Grow and directly connected voxels being separated from the desired voxel.
2.3.2. SCREEN: Edit Mask being selected and a voxel being added removed via 2D and 3D windows.

2.4. Utilizing Multiple Slices Edit, add or remove voxels through interpolation between slices farther apart [1] and finally, apply Fill Holes or Smart Fill to fill the holes of a defined size within the mask [2-TXT]. 
2.4.1. SCREEN: Multiple Slices Edit being selected and voxel being removed through interpolation between slices farther apart.
2.4.2. SCREEN: Fill Holes being clicked on and hole being filled. TXT: Refine until the mask is accurate and repeat for all target anatomies. A physician is consulted to verify the accuracy of the 3D models.
2.4.3. SCREEN: The resulting masks are converted to 3D parts and exported.

Virtual Reality Model Preparation
2.5. Import all the anatomy files through File > Import > .Stl (File-Import-dot-S-T-L) [1] and press the a (A) key [2]. Using the Move and Rotate tools, align the anatomy with the world's origin [3-TXT] and activate the orthographic views from the top right corner widget of the blender interface [4]. 
2.5.1. SCREEN: File being clicked, followed by Import and .Stl 
2.5.2. ‘a’ key being pressed.
2.5.3. SCREEN:  Move and rotate being selected and anatomy being aligned with world’s origin. TXT: Align the patient’s nose with the perpendicular axis contacting the ear and skull top
2.5.4. SCREEN: Orthographic views being selected from top right corner widget of the blender interface.

2.6. To acquire C-arm angles in virtual reality, import the protractor .stl (dot-S-T-L) file [1]. Align zero degrees on the protractor with the patient’s nose and orient the gap in the protractor arms toward the patient’s feet [2]. Then, scale the protractor quite small for ease of measurement [3-TXT]. 	Comment by Poornima G: Authors: Please check if this is correct
2.6.1. SCREEN: protractor .stl file being imported.
2.6.2. SCREEN: Protractor being scaled small for one of the anatomies. TXT: For aneurysms, scale the protractor just outside 
2.6.3. SCREEN: (0,0) on the protactor being aligned with patient’s nose and protactor arm-gap being oriented towards patient’s feet.
2.6.4. SCREEN: Protractor being scaled small for one of the anatomies. TXT: For aneurysms, scale the protractor just outside 
2.6.5. SCREEN: Export as .glb


3. Video 3: Training Medical Professionals to Generate Fluoroscopy Roadmap in Virtual Reality
Demonstrator: Reid Jockisch

Ethics Title Card
De-identified human DICoM data was used in accordance with institutional guidelines for patient care, the Health Insurance Portability and Accountability Act of 1996, and was approved by the Institutional Review Board

Protocol
3.1. [bookmark: _Hlk157081711]To begin, prepare patient-specific segment anatomy and VR (V-R) model [1-TXT].
3.1.1. WIDE: Talent looking at the patient data-derived VR model in computer screen. TXT: VR: Virtual Reality 

3.2. Import the finalized model as .gltf (dot-G-L-T-F) file in the lesson creation menu [1]. If a message pops up stating that the file type is not fully supported, click the Confirm button [2]. After pressing the joystick down, go to the transparency menu and hide all models except the target aneurysm anatomy [3]. 
3.2.1. SCREEN: Finalized model .gltf file being imported in the lesson creation menu.
3.2.2. SCREEN: Message stating “The file type that you are attempting to upload is not currently fully supported” appearing on screen and confirm button being clicked.
3.2.3. SCREEN: Transparency menu being selected and all the models except aneurysm being hidden.

3.3. Position the physician in VR [1] and familiarize them with the anatomy lesson [2]. Press the record button on the secondary monitor [3-TXT] and let the surgeon rotate the target anatomy to find the preferred angles for both anteroposterior and lateral fluoroscopy [4]. Then, press the stop button [5].
3.3.1. Talent positioning the physician in the VR.
3.3.2. Physician exploring the anatomy lesson on the computer.
3.3.3. SCREEN: Record button being pressed on the secondary monitor. TXT: Alternatively, use the virtual button in the VR space
3.3.4. SCREEN: Target anatomy being rotated to find preferred viewing angles.
3.3.5. SCREEN: Stop button being pressed.


Generation of fluoroscopy roadmap in VR

3.4. Place an image mimicking the background of a fluoroscopy image behind the model in the virtual space [1]. Using the select button on the controller, create a consistent background color for a better view of the anatomy [2]. 
3.4.1. SCREEN: Image mimicking the background of a fluoroscopy image being placed behind the model in virtual space.
3.4.2. SCREEN: Select button being pressed and image being manipulated for background color consistency.

3.5. Place the camera in line with the surgeon’s view pointing roughly at the center of the target anatomy [1]. The surgeon will appear as a set of floating glasses and two controllers in VR [2]. Then, capture a 2-D snapshot in the desired position [3-TXT].
3.5.1. SCREEN: Surgeon appearing as a set of floating glasses and two controllers in VR.
3.5.2. SCREEN: Camera being placed in line with the surgeon’s view pointing roughly at the center of the target anatomy.
3.5.3. SCREEN: Surgeon appearing as a set of floating glasses and two controllers in VR.
3.5.4. SCREEN: 2D snapshot being captured in the preferred position. TXT: Repeat for each preferred angle

3.6. To acquire C-arm angles, pause the recorded lesson when the surgeon declares a preferred viewing angle [1]. Click the Trackpad to open the quick menu and select the On/Off (On-Off) check box [2]. Using the controller grab button, select and manipulate a pointer or straightedge in line with the surgeon’s viewpoint to pass through the origin of the protractor [3].
3.6.1. SCREEN: Recording lesson being paused at the preferred viewing angle.
3.6.2. SCREEN: Trackpad being clicked, quick menu appearing and on/off check box being selected.
3.6.3. SCREEN: Pointer or straightedge being selected and manipulated to inthe line with the surgeon’s viewpoint.

3.7. Step back from the model and view the angles from the orthographic viewpoints corresponding with the C-arm motions [1].
3.7.1. Talent stepping back and looking at the computer screen displaying orthographic viewpoints.	Comment by Poornima G: Authors: Please check if this can be filmed

3.8. For a neurology case, orient the patient’s nose to 0 degrees on all C-arm axes [1]. Acquire the anteroposterior angles from the sagittal and axial planes [2-TXT], followed by the lateral angles from the coronal and axial planes [3-TXT]. 
3.8.1. SCREEN: Patient’s nose being oriented to 0°on the C-arm axis.
3.8.2. SCREEN: TXT: Axial plane: LAO and RAO for Frontal and Lateral viewsright and left angles of the C-arm; Sagittal plane: Cranial/Caudal angle specifically for the frontal view	Comment by Poornima G: Authors: Please check if this is correct
3.8.3. SCREEN: Lateral angles being acquired from the coronal and axial planes. TXT: Coronal plane: Vranial/Caudal angle specifically for the lateral view	Comment by Poornima G: Authors: Please check if this is correct
 

Representative Results
3.9. The surgeon-declared anteroposterior angles in VR [1] were similar to the angle measurements taken during the surgery [2] and the actual surgical fluoroscopy image [3], whereas for the same case, discrepancies were observed in the lateral views [4].
3.9.1. LAB MEDIA: Figure 2 Video editor: Please show images “A, B and C” only and emphasize image labelled as “A”
3.9.2. LAB MEDIA: Figure 2 Video editor: Please show images “A, B and C” only and emphasize images labelled as “B”
3.9.3. LAB MEDIA: Figure 2 Video editor: Please show images “A, B and C” only and emphasize images labelled as “C”
3.9.4. LAB MEDIA: Figure 2 Video editor: Please show images “D, E and F” only and emphasize the image labelled as “D”
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