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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?
NA  
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.

NA

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? NA

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

Current Protocol Length

Number of Steps:  24
Number of Shots:  38

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. George Hoeferlin: Optimizing a surgical robot to provide cranial window drilling will make it easier to train newer surgeons and standardize protocols. Reducing thermal damage in the brain from drilling is a key component of optimization.This protocol provides a method to evaluate vascular damage as a result of cranial window drilling.

REQUIRED: What is the main advantage of this technique?
1.2. Dhariyat Menendez: A surgical robot offers iImproved surgical consistency and across proceduresstandardization, while reducing the amount of training to learn time required to start cranial window surgery studies the technique.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. NA: NA

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. NA: NA

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. George Hoeferlin:  Tail vein injections in mice are quite challenging and require practice before attemptingDuring the procedure we utilize tail vein injections, which can be very challenging. We recommend extensive training for those new to the technique.. It is helpful to practice on a cadaver and dissect the tail to view the vein clearly to see how small the window is of injection.


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. NA: Demonstrating the procedure will be NA, a NA from my laboratory. NA  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Louis Stokes Cleveland Department of Veterans Affairs Medical Center.


Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Surgical Robot Hardware Setup and Software Preparation
2.1. To begin, set up the system as described in the manuscript and perform frame calibration following the surgical robot manualperform frame calibration following the surgical robot manual and guide to set up the hardware and software as described in the manuscript [1-TXT]. 
2.1.1. WIDE: Talent at the computer performing calibration. TXT: To ensure accuracy, recalibrate the drill. 
2.2. Navigate to the surgical software and create a new project by selecting Start with a clean project [1]. Then set the subject as Mouse at the top to designate the drilling coordinate atlas s to be used [2].
2.2.1. SCREEN: Software is being opened and start with a clean project is being selected.
2.2.2. SCREEN: Subject is being set. 
Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19577388
2.3. Next, select Start new Project and click on Planning in the bottom left corner to navigate to the drilling coordinate planning screen [1]. 
2.3.1. SCREEN: Start new Project option is being selected and Planning option is being clicked.
2.4. Create the drilling scheme for the cranial window technique to be performed by clicking anywhere on the stereotaxic atlas [1]. Use Bregma as the reference, and input the coordinates for the motor cortex as described in the manuscript [2]. Press Enter on the keyboard to update the selected coordinates [3]. 
2.4.1. SCREEN: Sterotaxic axis is being clicked.
2.4.2. SCREEN: Coordinates are being entered.
2.4.3. Talent pressing the enter key on the keyboard. 
2.5. Click Store Target to save these coordinates and input an appropriate name, then click on the Move button in the bottom left to navigate back to the main drilling screen [1].
2.5.1. SCREEN: Store Target option is being clicked, name is being entered and then Move button is being selected.
2.6. Click on Tools, then Project  and Save As option to reuse this template project for later projects as it will automatically retain the drilling coordinates [1]. 
2.6.1. SCREEN: Tools option is being clicked followed by Project  and Save As from the drop down menu.
3. Surgery and Skull Preparation
3.1. First, administer subcutaneous injections of antibiotic cefazolin, analgesic carprofen, and buprenorphine to the anesthetized mice [1]. 
3.1.1. Talent inserting needle in the anesthetized mice. TXT: Prior to any incision, administer marcaine injection below the incision site and prepare the animal by shaving the surgical site and applying eye lube..
3.2. Next, mount the animal on the surgical robot stereotaxic frame, using supplied earbars [1], and maintain anesthesia with 0.5% to 2% isoflurane via inhalation through a nose cone [2]. Maintain heat with a heating pad and routinely assess vitals and anaesthetic depth via toe pinch.
3.2.1. Talent placing the mice on the stereotaxic frame using earbars.
3.2.2. Talent placing a nose cone around the mice’s mouse’s nose.
3.3. Then scrub the surgical area with chlorhexidine gluconate and 70% isopropanol for sterilization [1] and place a sterile plastic wrap over the mouse and stereotaxic frame to maintain sterility during surgery [2].
3.3.1. Talent scrubbing the surgical area with chlorhexidine gluconate and isopropanol.
3.3.2. Talent placing a sterile plastic wrap over the mouse and stereotaxic frame.
3.4. Using a scalpel blade, perform a 1-inch incision on the midline of the skull, starting at the back of the eyes [1]. Dry out and clean the skull using 3% hydrogen peroxide with cotton-tipped applicators [2].
3.4.1. Talent making and incision on the midline of the skull.
3.4.2. Talent applying hydrogen peroxide around the skull using applicator.
4. Evans Blue Tail Vein Injection
4.1. To prepare the tail for easy injection, wipe down with an alcohol wipe [1-TXT]. Then grasp the tail in one hand while handling the syringe containing Evans Blue in the other hand [2].
4.1.1. Talent wiping the tail with a wipe. TXT: Optionally, wintergreen oil can be topically applied to dilate the vein.
4.1.2. Talent grasping the tail with a hand.
4.2. Using the thumb and forefinger, bend the tail to expose the tail vein on top of the bend of the tail [1]. Insert the syringe parallel with the vein [2] and slowly inject the volume of Evans Blue [3-TXT]. 
4.2.1. Talent bending the tail with a thumb and forefinger. 
4.2.2. Talent inserting the syringe parallel with the vein.
4.2.3. Talent pushing the syringe plunger. TXT: 4% w/v is administered at a concentration of 2 mL/kg body weight. 
4.3. Once injected, wait for 5 minutes to allow Evans Blue to circulate throughout the mouse before drilling commences a. And a successful injection is immediately verified as the mouse’s extremities and surgical window turn blue [1].
4.3.1. Shot of the mouse’s extremities and surgical window.
5. Surgical Robot Drilling Procedure
5.1. Once the skull is prepared for drilling, navigate back to the surgical software [1] and click on Tools, then select Project followed by New  and Select A Template Project from the drop down menu to choose a template project [2].
5.1.1. SCREEN: Software window in=s being opened.
5.1.2. SCREEN: Tools option is being clicked, followed by Project, New  and Select A Template Project option.
5.2. Select Same Protocol elements , click on Planning, then select Drill Parameters to carry over to this new project and click Start new project [1].  
5.2.1. SCREEN: Same Protocol elements  option is being selected, Planning option is being clciked, Drill Parameters is being selected and Start new project option is being clicked.
5.3. Next, correct the drill and frame to account for the tilt and scaling of the mouse skull of the current animal by clicking Tools and select Correct for Tilt and Scaling… to open the correction screen [1]. At the top of the screen, ensure that the drill is active, by clicking on the light-red Drill button [2]. 
5.3.1. SCREEN: Tools option is being clicked and Correct for Tilt and Scaling is being selected. 
5.3.2. SCREEN: Drill button is being clicked.
5.4. After correction has been performed, come out of the correction window by clicking Close in the bottom middle of the screen [1] and navigate to the drilling screen by clicking Tools and then selecting Drill… to begin the drilling procedure [2].
5.4.1. SCREEN: Perform Correct for Tilt and Scaling.
5.4.2. SCREEN: Close button is being clicked.
5.4.3. SCREEN: Tools option is being selected followed by Dril.
5.5. Once the auto-stop feature is enabled and customized, begin the drilling of the seed point [1-TXT]. Confirm the drill site by selecting the Craniotomy Shape window at the top of the screen, followed by viewing the drilling target details in the dropdown below.
5.5.1. [bookmark: _Hlk109920006]SCREEN: Craniotomy shape and target detail windows being shownAuto scan option is being clicked. TXT: Refer to the text for drilling details.
5.6. To carry out manual pulse drilling, turn off the auto-stop feature by unchecking the checkbox next to the Auto-Stop option in the Drill menu which allow for controlling when the drill is off for the pulsing [1]. 
5.6.1. SCREEN: Checkbox is being unchecked. 
5.7. In the Drill menu, select 100 micrometers as the drill depth advancement, this will equate to approximately 2 seconds of downward drilling [1]. Once ready, click Advance to commence drilling [2] and after the drill has advanced 100 micrometers, press Escape twice to stop the drill [3-TXT]. 
5.7.1. SCREEN: 100 micrometers value is being selected in the Drill menu.
5.7.2. SCREEN: Open up the drill site menu and navigate to the first drill site.
5.7.3. SCREEN: Use the Advance button or manual controls to the lower the drill until it touches the skull. Press ‘Set Surface’ once the drill bit reaches the skull.
5.7.4. SCREEN: Advance option is being selected and then escape button is being pressed. TXT: After 2 s, repeat this cycle for the depth of the skull. 
5.7.5. Shot of seed or edge point being drilled.
5.7.6. 
5.8. After drilling all seed and edge points For each seed and edge point during drilling,using the method demonstrated previously, ensure to Set Dura using the button in the Drill menu once the dura has been reached.
5.8.1. SCREEN: Set Dura button is being clicked drop down the Drill menu.
5.8.2. Shot of cranial window after drilling all holes.
6. Thermocouple Evaluation
6.1. Measure the changes in temperature of the skull and brain using a thermocouple in combination with the three different drilling schemes connected to a data acquisition system that allows for the measurement to be read into MATLAB [1]. 
6.1.1. Shot of the thermocouple connected to a data acquisition system.
6.2. Mount a cadaver mouse onto the stereotaxic frame and robotic  drill setup [1]. Manually drill a small hole  approximately 2 millimeter away from where the cranial window will be made into the side of the skull which allows for the thermocouple to be slid into position under where drilling of the cranial window occurs [2]. 
6.2.1. Talent placing the mouse onto the stereotaxic frame and robotic  drill setup.
6.2.2. Shot of the hole being drilled or after being drilled into the side of the skull. Authors: Use forceps or any pointed object to point towards the drilled hole. 
6.3. Begin the drilling process for each of the three schemes as demonstrated previously, resulting in spikes due to temperature change, indicating heating occurring near the brain as the drill goes through the skull [1].
6.4. SCREEN: Spikes are being observed due temperature change.
6.5. 

Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

2.1, 4.2, 4.3, 5.7, 5.8, 6.2Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.N/A     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 159. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

7. Results: Semi-Automated Bone Drilling of Cranial Windows to Mitigate Thermal Blood-Brain Barrier Damage
7.1. Potential for thermal damage was evaluated by measuring the change in temperature from baseline due to drilling using horizontal [1], point-by-point [2], and pulsed point-by-point [3] methods.
7.1.1. LAB MEDIA: FIGURE 2A.
7.1.2. LAB MEDIA: FIGURE 2B.
7.1.3. LAB MEDIA: FIGURE 2C.
7.2. Both the horizontal and point-by-point drilling schemes show non-significant differences for thermal changes [1]. However, changing to a pulsed point-by-point method resulted in significantly less heating of the brain than both horizontal and point-by-point drilling [2]. 
7.2.1. LAB MEDIA: FIGURE 2E,F.
7.2.2. LAB MEDIA: FIGURE 2E,F. Video Editor:Emphasiz the blue colored bar graph in the figure labelled “E” and red colored bar graph in the figure labelled “F” located on the right hand side. 
7.3. The horizontal edge drilling took 300 seconds [1], while point-by-point edge drilling took 200 seconds [2]. The pulsed method took the longest, with seed and edge drilling taking approximately 500 seconds each [3].
7.3.1. LAB MEDIA: FIGURE 2A.
7.3.2. LAB MEDIA: FIGURE 2B.
7.3.3. LAB MEDIA: FIGURE 2C.
7.4. To monitor the relationship between drilling scheme and vascular damage Evans Blue fluorescent imaging was performed [1]. The drilling via horizontal [2] and point-by-point cutting [3] was seen to be damaging to the vasculature in the brain in comparison to the control groups [4]. 
7.4.1. LAB MEDIA: FIGURE 3.
7.4.2. LAB MEDIA: FIGURE 3C.
7.4.3. LAB MEDIA: FIGURE 3D.
7.4.4. LAB MEDIA: FIGURE 3A,B.
7.5. The pulsed point-by-point method had less localized damage at the seed and edge point, but still had visible Evans Blue presence within the cranial window [1].
7.5.1. LAB MEDIA: FIGURE 3E.


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. George Hoeferlin: (5.7)  When manually drilling, it is crucial to check the craniotomy after advancing the drill to ensure that the dura is not breached.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Dhariyat Menendez: In addition to cranial windows, a surgical robot can be used for standard craniotomies to improve surgical outcomes.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. NA: NA


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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