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Authors, please fill out the brief questionnaire below.   

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? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 2.2-2.15, 3.2-3.15; Protocol is screen capture heavy.
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 to be filmed by their protocol numbers. (Please do not list an entire section.)  Subfields in the hippocampal head: 3.2-3.8
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 all interview statements prior to filming)

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to provide a reliable, anatomically accurate method for segmenting the human hippocampus with subfields on magnetic resonance images. Here, the hippocampal subfields are divided into 5 labels: CA1 (pronounced C-A-1), CA2/CA3, CA4/dentate gyrus, SR/SL/SM (pronounced S-R S-L S-M), and the subiculum (pronounced sa-bick-u-lum). (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1 Julie Winterburn: This method can help answer key questions in the neuroimaging field, such as how hippocampal subfield structure changes in healthy and diseased states. 

1.2 Julie Winterburn: The main advantage of this technique is that it is tailored to high-resolution images collected on a 3T scanner and it includes subfield definitions for the entire anterior-posterior length of the hippocampus.

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

1.3. Procedures involving human subjects were approved by the Research Ethics Board at the Centre for Addiction and Mental Health in Toronto.
Protocol (read by voice talent at JoVE):
2. Whole Hippocampus Segmentation using T1-weighted images
2.1. Begin by entering the following command seen here into the terminal to open the software interface [2.1.1-MED (over shoulder)-TXT]
2.1.1. Show talent sitting at the computer, TEXT: Display image_name.mnc
2.2. On a T1-weighted image, enlarge the coronal view and zoom in on the hippocampus. Select ‘Segmenting’ in the navigation window, and then select ‘XY Radius. Set the XY brush size to 0.1. Scroll to the anterior-most coronal slice of the hippocampus.  [2.2.1-SCREEN].
2.2.1. *To be submitted by Author
2.3. For Slice A, the anterior most slice, draw the outer-most border of the hippocampal grey matter where it meets the surrounding temporal lobe white matter and use the high-intensity white matter of the alveus to assist with the superior border [2.3.1-SCREEN]
2.3.1. *To be submitted by Author
2.4. Use the Label Fill key in the segmentation menu of the navigation window to fill in the label inside the border [2.4.1- SCREEN].
2.4.1. *To be submitted by Author
2.5. For Slice B, the Hippocampal Head 1, continue to draw the borders of the hippocampal head by using the white matter of the temporal lobe and alveus as a guide. [2.5.1- SCREEN-TXT].
2.5.1. *To be submitted by Author; TEXT: Superior, inferior, lateral, medial borders
Move 2.6 after 2.7
2.6. Then, use the axial view to draw a horizontal line from the anterior edge of the lateral hippocampus and designate anything below this line as part of the hippocampus [2.6.1-SCREEN-TXT].
2.6.1. *To be submitted by Author; TEXT: Supero-medial border
2.7. Next, for Slice C, the Hippocampal Head 2 with Dentations, draw the dentations of the hippocampus by using the white matter of the alveus [2.7.1 – MED-over shoulder].
2.7.1. *Filmed as written
2.8. Now, for Slice D, the Hippocampal Head 3, draw the inferior border of the hippocampus at the white matter of the temporal lobe and the lateral border at the inferior horn of the lateral ventricle [2.8.1 – SCREEN-TXT].
2.8.1. *To be submitted by Author; TEXT: Superior, inferior, lateral, medial borders
2.9. Draw the superior border at the white matter of the alveus/fimbria, and the medial border at the hypointense region of the ambient cistern [2.9.1 – SCREEN].
2.9.1. [combined with 2.8.1] *To be submitted by Author
2.10. For slice E, draw the inferior, lateral, superior, and medial borders as before. Define the infero-medial border by drawing the inferior portion of the medial border where the hippocampus thins slightly and extends into the grey matter of the entorhinal cortex. [2.10.1 – SCREEN]
2.10.1. *To be submitted by Author
2.11. In these slices, include the uncus in the hippocampal segmentations. [2.11.1– MED-over shoulder]
2.11.1. *Filmed as written
2.12. Then, designate the hippocampal body on Slice F as before. Do not include the low-intensity cerebral spinal fluid of the vestigial hippocampal sulcus in the segmentation of the hippocampal head. [2.12.1 – SCREEN]
2.12.1. *To be submitted by Author
2.13. Now, for Slice G, segment the hippocampal tail. Begin segmenting the tail when the crus of the fornix is first visible.  Exclude the fascicular (pronounced fas-sick-u-lar) gyrus by extrapolating the shape of the fascicular gyrus into the hippocampal tail from more anterior slices. [2.13.1 – SCREEN]
2.13.1. *To be submitted by Author
2.14. Then, for Slice H, the Hippocampal Tail 2, segment the low-intensity grey matter of the posterior hippocampal tail from the surrounding high intensity white matter. [2.14.1 – SCREEN].
2.14.1. *To be submitted by Author
2.15. Finally, for Slice I, the Posterior-Most Slice, segment the small remaining area of the hippocampal gray matter from the surrounding white matter of the temporal lobe [2.15.1 – SCREEN].
2.15.1. *To be submitted by Author
3. Hippocampal subfield segmentation using T2-weighted images
3.1. Begin by scrolling to the anterior-most coronal slice of the hippocampus on a T2-weighted image. Change the color of the paintbrush by selecting “Set Paint Lbl” (pronounced Label) and entering a number between 1 and 255 in the terminal. [3.1.1 – MED-over shoulder].
3.1.1. *Filmed as written
3.2. For Slice A, the anterior-most slice, draw a line dividing the visible hippocampal grey matter along its longest visible axis into two equal sections. Use two different colors to label the superior of these two sections as CA1 and the inferior section as the subiculum. [3.2.1 - SCREEN]
3.2.1. *To be submitted by Author
3.3. For Slice B, the hippocampal head 1, label the low-intensity area in the middle of the hippocampal formation as SR/SL/SM. Define the infero-lateral subiculum-CA1 border at the bend in the inferior hippocampus. Continue to follow the longest axis of the hippocampus to draw the CA1-subiculum border on the superior-medial tip. [3.3.1 – SCREEN]
3.3.1. *To be submitted by Author
3.4. For Slice C, the hippocampal head 2 with dentations, label the dark SR/SL/SM band that follows the curve of the CA1. Label any high-intensity grey matter inside of the SR/SL/SM as CA4/DG. Then, define the subiculum-CA1 border using the bend in the inferior hippocampus [3.4.1 - SCREEN]
3.4.1. *To be submitted by Author
3.5. Define the border between CA1 and CA2/CA3 as a 45-degree angle line extending in the supero-lateral direction from the most supero-lateral edge of the SR/SL/SM.  Extend the CA2/CA3 medially along the superior edge to the trough between the dentations and label the rest of the superior edge as CA1. [3.5.1 - SCREEN]
3.5.1. *To be submitted by Author
3.6. For Slice D, the hippocampal head 3, label the SR/SL/SM, CA4/DG, and subiculum exactly as just described for slice C. Extend the CA2/CA3 medially halfway along the superior edge and label the other half of the superior edge as CA1. [3.6.1 – SCREEN]
3.6.1. *To be submitted by Author
3.7. Divide the supero-medial hippocampal head vertically in half. Label the medial half as SR/SL/SM. Then, horizontally divide the lateral half in half again. Label the superior portion as CA4/DG and the inferior portion as CA2/CA3. [3.7.1 – SCREEN].
3.7.1. *To be submitted by Author
3.8. For Slice E, the hippocampal head 4 with uncus, continue to define the CA1, CA2/CA3, SR/SL/SM, and CA4/DG borders as before. Define the subiculum-CA1 border as a vertical line extending in the inferior direction from the most medial edge of the CA4/DG. [3.8.1 – MED-over shoulder]
3.8.1. *Filmed as written
3.9. Extend the CA2/CA3 medially halfway along the superior edge and label the rest of the superior edge as CA1. Continue to label the SR/SL/SM as the low intensity region following the curve of the CA regions. Label the CA4/DG as the center cavity inside the SR/SL/SM. [3.9.1 - SCREEN]
3.9.1. *To be submitted by Author
3.10. Label the uncus of the hippocampus as the hippocampal head transitions into the hippocampal body. In the uncus, label the low intensity region in the center as the SR/SL/SM. [3.10.1 – SCREEN]
3.10.1. *To be submitted by Author
3.11. Continuing on slice E, draw a line at the superior edge of the SR/SL/SM section along the infero-lateral/supero-medial axis of the uncus. Label all grey matter above this line as CA2/CA3. Label any unlabeled grey matter below this line as CA4/DG. [3.11.1 – SCREEN]
3.11.1. *To be submitted by Author
3.12. Next, for Slice F, the hippocampal body, continue to apply the borders for the subiculum, CA1, CA2/CA3, CA4/DG, and SR/SL/SM as mentioned for Slice E. [3.12.1 – MED-over shoulder]
3.12.1. *Filmed as written
3.13. On Slice G, the hippocampal tail 1, the subiculum-CA1 border becomes a 45-degree angle line extending in the infero-medial direction from the medial edge of the CA4/DG. [3.13.1 – SCREEN]
3.13.1. *To be submitted by Author
3.14. For Slice H, the hippocampal tail 2, label the entire outer layer as CA1 once the fascicular gyrus can no longer be distinguished from the hippocampal formation. Then, label the low-intensity area inside of this as SR/SL/SM and any remaining grey matter in the middle as CA4/DG. [3.14.1 – SCREEN]
3.14.1. *To be submitted by Author
3.15. Finally, for Slice I, the posterior-most slice, leave the entire structure as CA1 once the dark SR/SL/SM is no longer visible in the hippocampal formation.  [3.15.1 – SCREEN]
3.15.1. *To be submitted by Author
4. [bookmark: _GoBack]Results: Hippocampal subfield segmentations includes five major subdivisions
4.1. This protocol uses magnetic resonance imaging to segment the human hippocampus. Here, the whole hippocampus is divided into 9 coronal slices using T1-weighted images [4.1.1-LM].
4.1.1. Figure 1: Label the rows 1-9. Insert arrow and text “Without segmentation” pointing to the left column, then insert arrow and text “With Segmentation” pointing to right column.
4.2. Five hippocampal subfields are then segmented using T2-weighted images. Here, the CA1, CA2/CA3, CA4/dentate gyrus, SR/SL/SM, and subiculum can be seen within this hippocampal head slice [4.2.1-LM].
4.2.1. Figure 2D: Show legend; Highlight each corresponding color as mentioned in the VO. 

(AUTHORS: Yes, for 4.2.1, only the Head 3 slice will be shown to point out the subfields that are designated in these T2-weighted slices.)


5. Conclusion (said by authors on camera)
5.1. Julie Winterburn: Once mastered, this technique can be completed for each subject in 40 hours if it is performed properly.
5.2. Julie Winterburn: While attempting this procedure, it’s important to remember to follow intensity patterns in the image as much as possible and be consistent with borders between subjects. 
5.3. Julie Winterburn: Following this procedure, other automated segmentation techniques can be performed to answer questions about the volume and shape of the hippocampus in vulnerable populations, such as those undergoing healthy aging or suffering from Alzheimer’s Disease.
5.4. Julie Winterburn: After watching this video, you should be able to reliably replicate this hippocampal segmentation protocol and gain insight into the detailed hippocampal subfield anatomy of your subjects.





















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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