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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Steps 2.5, 3.3, 4.2, 4.3 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Steps 5.4 and 5.5
E.  Will the filming need to take place in multiple locations? NO
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. 
(AUTHORS: Please memorize the interview statements prior to filming)

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this description of the software pipeline is to allow the dissemination of the software itself in other centers, allowing other groups to benefit from 3D multimodality image integration in epilepsy surgery.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rachel Sparks: The main advantage is that all steps in the pre-surgical evaluation of epilepsy, including image registration, anatomy segmentation, and computer assisted planning, can be performed on one software platform. 

1.2. Michele Rizzi: The 3D visualization of brain structures, coupled with multimodality image integration, and the automated multi-trajectory planner for electrode implantation are relevant tools to increase the efficacy and safety of epilepsy surgery.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. John Duncan: This 3D-multimodal structural and functional brain imaging display, including normal and abnormal structures and functions, allows for more accurate and quicker planning implantation of depth electrodes.
Protocol (read by voice talent at JoVE):
2. Image Integration and Visualization
2.1. Begin, by opening the in-house software on a PC (pronounced P-C) and load the data [2.1.1-MED over shoulder]. Note the 2 by 2 window display, DataManager on the far left, icons on the top representing different image processing tools, and the selected tool on the far right [2.1.2-SCREEN].
2.1.1. Talent sitting at the computer, opens software.

2.1.2. *To be submitted by author. 
(AUTHORS: When making this step, make a circular motion with your cursor over each area, as they are mentioned in the voice over)
2.2. Import data by clicking the ‘Open’ icon. Scroll through different data sets to ensure completeness [2.2.1-SCREEN].
2.2.1. *To be submitted by author.

2.3. Next, co-register single images by selecting the ‘NiftyReg’ (pronounced nifty-reg) tool from the speed icons. Select neuronavigation T1 (pronounced T-1) with gadolinium in DataManager to use as a reference image [2.3.1-SCREEN].
2.3.1. *To be submitted by author.

2.4. Then, select the ‘floating image’ to be co-registered to the reference image.  Define the name and location of the registered image. Set optimization parameters to level number 4, level to perform as 3, iteration number to 5, and co-registration type to rigid body [2.4.1-SCREEN].
2.4.1. *To be submitted by author.

2.5. Click on ‘Run”, to co-register the automated rigid body. Then, check the accuracy of the co-registration by inspecting the registered image over the reference image. Alter the transparency of the registered image by right-clicking on the image in DataManager, and moving the ‘Opacity’ cursor [2.5.1-SCREEN].
2.5.1. *To be submitted by author.

3.  Segment Images

3.1. Begin by selecting the image to be segmented in DataManager, and then select the ‘Segmentation Editor’ tool from the speed icons [3.1.1-SCREEN].
3.1.1. *To be submitted by author.
3.2. Use advanced segmentation tools to draw the region of interest on several slices of imaging in axial…, coronal…, and sagittal planes [3.2.1-SCREEN].
3.2.1. *To be submitted by author.
3.3. Finally, select 3D (pronounced 3-D) interpolation to visualize evolving segmented structure in a 3D window. Confirm segmentation to generate a new Nifti (pronounced Nifty) file of the segmented structure.  Right click on the Nifti file in DataManager and select’ Smooth Polygon Surface’ [3.3.1-SCREEN].
3.3.1. *To be submitted by author.
4. Brain Model Generation 
4.1. Begin by selecting the image file from the whole brain parcelation on DataManager, and ensure that this image is co-registered with the reference image [4.1.1-MED over shoulder-TXT].
4.1.1.  Talent selecting image file on computer. TEXT: Image File: wmparc.nii

4.2. Select the Basic Processing Tools from the speed icons. Apply a threshold from 1 to 5002 to create a binarized mask of the cortex. Right click on the Nifti file in DataManager and select “smooth polygon surface” [4.2.1-SCREEN].
4.2.1. *To be submitted by author.

5. Surface & Vessel Extraction 
5.1. Select the Vessel Extractor tool to extract the surface models of the vessels. Then, choose the vascular image data set and specify the name and location of the vessel-extraction Nifti file [5.1.1-SCREEN].
5.1.1. *To be submitted by author.
5.2. Click ‘Run’ to execute the vessel extractor. Apply an intracranial mask to the results by using the multiply function from the Basic Image Processing tools to remove extracranial vessels [5.2.1-SCREEN]. 

5.2.1. *To be submitted by author.

5.3. Finally, to render the regions of interest as 3D surfaces, select the Surface Extractor icon and define the threshold for surface extraction. Select Apply, and name the surface rendering in DataManager [5.3.1-SCREEN]. 
5.3.1. *To be submitted by author.
6. Computer-assisted Planning 
6.1. Begin by running a multi-trajectory planner by selecting the ‘Trajectory Planner’ icon. Select the neuronavigation T1 MRI (pronounced T-1 M-R-I) as the reference image [6.1.1-SCREEN].
6.1.1. *To be submitted by author.
6.2. Then, select ‘target points’ such as the amygdala, hippocampus, insula, or cingulate gyrus, by holding down the ‘shift’ key and clicking the left mouse button or load the target points from the previously saved file [6.2.1-SCREEN]. 

6.2.1. *To be submitted by author.
6.3. Next, select ‘entry points’ as well as the scalp exclusion mask on the attached dropdown menu in order to restrict the search of possible entry points to only a surgically feasible area [6.3.1-SCREEN].
6.3.1. *To be submitted by author.
6.4. Mark the surfaces of critical structures that the trajectories should avoid from the dropdown list. Select advanced settings and adjust the user-defined constraints regarding trajectory length, angle of entry, and distance between trajectories. Then, run a multi trajectory planner by selecting ‘Add New Plan’ and “Recompute Plan” [6.4.1-SCREEN].
6.4.1. *To be submitted by author.
6.5. Next, use the ‘Risk Visualization’ speed icon to assess risk and safety profiles after trajectory planning. Note the metrics for length, angle of entry, cumulative risk, minimum distance to blood vessel, and gray/white matter ratios [6.5.1-SCREEN].
6.5.1. *To be submitted by author.
6.6. Select Risk Map in DataManager by clicking on a specific trajectory to show a color-coded contour map overlying the scalp exclusion mask.  Note that the potential entry points are color-coded based on level risk, such that red represents high risk and green represents low risk for any selected trajectory [6.6.1-SCREEN].
6.6.1. *To be submitted by author.
6.7. Following that, export the plans and models to the operating room. To do this, first make sure that the reference image was loaded in DICOM (pronounced die-com) format, and then open the S7 (pronounced S-7) export tool. Define the reference image, plans, trajectories, and models that are to be exported, and specify the destination of the saved archive. Then run the S7 export tool [6.7.1-SCREEN].
6.7.1. *To be submitted by author.
6.8. Finally, upload the saved archive onto a USB stick for transfer to a neuronavigation system in the operating room.  Load the archived folder on the neuronavigation system for clinical implementation of the planned trajectories [6.8.1-SCREEN].
6.8.1. *To be submitted by author.

7. Results: Custom designed software support safer planning for epilepsy surgery. 
7.1. This protocol allows for more streamlined image integration [7.1.1-LM] as well as 3D visualization and planning prior to an epilepsy surgery [7.1.2-LM]. 
7.1.1. fig1.jpg: Add Title on top - “Image Integration”.
7.1.2. fig2B.jpg: Add Title on top – “Tractography for 3D Visualization”
7.2. Computer assisted planning generates safer, more efficient implantations that can be completed in a time effective manner compared to manual planning [7.2.1-LM].
7.2.1. Fig8.jpg: Highlight y-axis when ‘computer’ is mentioned in the VO. Highlight x-axis when ‘manual’ is mentioned in the VO. 
7.3. Here, a typical outcome is shown from the 3D multi-trajectory planner. The critical structures that have been entered are veins, arteries and surface sulci, which allow for more precise electrode implantations [7.3.1-LM].
7.3.1. fig6.jpg: Show A-D, one at a time. 
8. Conclusion (said by authors on camera)
8.1. Prof. John Duncan: This video should give you a good understanding of the principles of multimodal image integration and the use of computer assisted planning.
8.2. Prof. John Duncan: Depending on the amount of imaging to be included, the preparation of the imaging components that are to be integrated into the 3D-multimodal display can take hours.  If there are errors in the source data, these will remain after the integration.
8.3. Rachel Sparks: While attempting this protocol, it's important to remember that the quality of segmented anatomical structures is key to ensuring accurate computer assisted planning results.
8.4. Michele Rizzi: This software provides easy to use tools in one single platform, such that it does not require specialist training or expertise, is cost-effective, and is easily translated into clinical practice.
8.5. Michele Rizzi: Additionally, this software could easily be applied to other areas of neurosurgery, such as resection of tumors close to eloquent cortex, focal lesioning, and delivery of targeted stimulation.
8.6. Rachel Sparks: The in-house software platform is in continuous development, with new tools and functionality being added to support all stages of pre-surgical evaluation and surgical management.

8.7. Prof. John Duncan: Don’t forget that neurosurgery and the implantation of devices into the brain carries significant risk and needs to be carefully checked at every step of the way, including the actual execution of the trajectories with implantation of the electrodes.
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.  

Figures 1,2,6,8.
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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