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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _3.1, 3.2, 3.3, 3.4, 
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 using the step numbers listed in this document. (Please do not list entire sections.) ___________________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? 

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. 

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

The overall goal of this experiment is to test the resolution limits of structural MRI in order to resolve and compare subcortical structures in both the postmortem and living human brain. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1 Larissa McKetton: 

Research in our lab has involved studying the small subcortical nuclei in the brains of patient populations. Given their small size and deep location in the brain, they are difficult to study.  

1.2 Larissa McKetton:
We developed a protocol that resolves subcortical structures in both postmortem and living human brains. The advantage of this technique is the reduction in scan duration, useful in clinical applications.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
2.1  Keith Schneider Larissa McKetton: 

MRI resolution is limited by noise, so we wanted to determine what the ultimate resolution would be in the abesence of the largest sources of noise, namely subject head movement, pulse, and respiration. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)  N/a
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving human subjects have been approved by the guidelines of the York University Human Participants Review Committee.
Protocol (read by voice talent at JoVE):
2. Pre Scan Set-Up
Note to videographer: The MRI scanner is a very strong magnet that cannot be turned off. To avoid severe damage and injury, do not enter the MRI room with camera or any equipment.  Film from the doorway or window only, & follow direction of MR staff at all times.  (Author & videographer note: to my knowledge (I also work with Siemen’s Trio), the MRI software/OS is locked (since it is a clinical system) and you will not be able to obtain screen capture video from the scanner PC hence, the section below is filmed.) 
2.1. Acquire all imaging described in this protocol with a 3T MRI scanner equipped with a 32-channel head coil [2.1.1.MED]. In this video, steps are demonstrated using a Siemens Magnetom Trio 3T MRI scanner [2.1.2 WIDE]. 
2.1.1. Show 32 ch head coil on scanner bed
2.1.2. show whole scanner
2.2. For study participant imaging sessions, be sure to first perform an MRI safety screening [2.2.1 MED], then review the details of the neuro-imaging protocol and have them sign a patient consent form [2.2.2 MED]. 
2.2.1. Subject fills out MRI screening form.
2.2.2. Talent reviews consent form with subject
2.3. While setting up the participant for scanning, earplugs are inserted in the participant’s ears [2.3.1 MED], then secure their head with pads to minimize head motion during imaging [2.3.2 MED].   
2.3.1. *film as written
2.3.2. *film as written
2.4. When acquiring scans with a post-mortem brain, make sure the brain is fixed prior to neuroimaging [2.4.1 MED] and is contained within a watertight bag or container that fits within the MRI head-coil [2.4.2 MED]. 
2.4.1. Show the fixed brain (not yet in bag) *NOTE: get 2 shots here, shown again for 3.5.1. We will be using a 3D oriented life size brain as a prop instead of a postmortem brain.
2.4.2. Talent places it into the bag.
2.5. Place the brain in the head-coil with its z-axis aligned with the bore of the scanner with the brainstem facing towards the foot of the scanner bed [2.5.1 MED]. Also place vacuum cushions around the brain for additional support [2.5.2 MED].
2.5.1. *film as written
2.5.2. *film as written
2.6. Before scanning, select the Patient tab in the upper left hand corner [2.6.1 MED over shoulder]. Use the Register tab to fill in the appropriate subject information, then click on the Exam tab [2.6.2 MED over shoulder].
2.6.1. *film as written (entering human info)
2.6.2. *film as written
3. Scanning Parameters

3.1. In the Exam Explorer tab, begin by first creating a new localizer scan protocol. In the set-up window, use the Routine, Contrast, and Resolutions tabs to enter the parameters as seen on screen here. [3.1.1 MED over shoulder] 
3.1.1. *film as written, TEXT: acquisition time 28 s, acquisition matrix 160 ( 160, 1 slice, 1.6 mm thick isotropic voxel size, FOV = 260 mm, FoV phase=100%, slice resolution= 69%, phase and slice partial phase Fourier = 6/8, TR = 3.15 ms, TE = 1.37 ms, Flip Angle = 8°
3.2. Next, create a new protocol that will be used for obtaining the high-resolution proton density weighted scans. Set this up in the coronal orientation, using the parameters seen on screen here. [3.2.1 MED over shoulder]   
3.2.1. Talent enters parameters into the Routine, Contrast, and Resolutions tabs.  TEXT: acquisition time 179 s, acquisition matrix  512 ( 512,  0.3 ( 0.3 ( 1 mm3 voxel size, TR = 3.25 s, TE = 32 ms, flip angle = 120°, interleaved slice acquisition, FoV read = 160 mm, FoV phase = 100%, parallel imaging (GRAPPA) acceleration factor of 2.
3.3. Reduce the bandwidth to the minimum possible to maximize the Signal to Noise Ratio [3.3.1 MED over shoulder] To reduce scan duration, choose 18 slices, each 1 mm thick, with a 160 mm Field Of View [3.3.2 MED over shoulder].  
3.3.1.  *film as written
3.3.2. *film as written
3.4. Next overlay the slice selection box for acquiring the proton density images over the localizer, [3.4.1 MED over shoulder] being sure to cover the subcortical nuclei within the thalamus as well as surrounding structures. [3.4.2 LM].  Then, start the scan. For reliable identification of subcortical structures, acquire 5 runs with these parameters [3.4.3 MED]. 
3.4.1. *film as written
3.4.2.  Figure 4 pdf (make white bars highlight (ie flash yellow)
3.4.3. Talent starts scan, pan up to show subject in scanner through window (if possible)
3.5. When performing post-mortem brain imaging [3.5.1 MED], reliable identification of subcortical structures can be observed in just one scan with the total duration of approximately 3 minutes following the same scanning protocol [3.5.2 LM]. 
3.5.1.  Show post mortem brain *similar to 2.4.1.
3.5.2. Figure 6A. two arrows and bar highlight when “just one scan” is spoken.
4. Image Analysis
4.1. To analyze the data, use the freely available FSL software.  Begin by opening a terminal window [4.1.1 MED over shoulder/BROLL], then convert the raw DICOM (say: ‘die-com”) files from the scanner for each proton density volume to a NIfTI (say “nifty’) format.  In the command line, type the command seen here (dcm2nii) followed by the directory of each image run [4.1.2 SCREEN].
Did you want me to say the parenthesis?  I did 2 takes.
4.1.1. Talent sits at computer, then opens terminal.  Broll: Get a couple general shots of talent using computed (i.e from side, can’t see screen) that can be inserted if needed below)

4.1.2. *To be submitted by Author
4.2. Next, obtain the parameters of the original proton density scan. [4.2.1 SCREEN] Then create a high-resolution blank image target volume with half the voxel size of these parameters [4.2.2 MED]. To do this, in any text editor program first define the transformation using an identity matrix as seen here, and save as a text file named ‘identity.mat’. [4.2.3 SCREEN]
4.2.1. *To be submitted by Author: Show typing fslinfo followed by the PD scan in NIfTI format
4.2.2. Show talent viewing high-resolution image target volume
4.2.3. *To be submitted by Author: show matrix here
4.3. Next use the flirt command to apply the transformation, upsampling each original run to double the total resolution.  This results in a 1024 matrix, and halves the voxel size in each dimension. [4.3.1 SCREEN]  
4.3.1. *To be submitted by Author 
4.4. Now move all the high-resolution images to a new folder.  Then, for each participant, concatenate all the upsampled proton density images into a single 4D file using the fslmerge command. [4.4.1 SCREEN]
4.4.1.    *To be submitted by Author: In a terminal window type fslmerge –t concat_highresPD *.nii.gz 
4.5. Motion correct these concatenated files using the mcflirt command (say as one word: micflirt).  Select a 4-stage correction, which utilizes sinc interpolation as a further optimization pass for greater accuracy [4.5.1 SCREEN]. 
4.5.1. *To be submitted by Author: Showing mcflirt –in concat_highresPD –out mcf_concat_highresPD.nii.gz –stages 4 –plots  
4.6. Next, create the 3D mean image using fslmaths. [4.6.1 SCREEN]. Then, visualize the final outcome 3D high-resolution image using the fslview command. [4.6.2 SCREEN]
4.6.1. * To be submitted by Author: showing; fslmaths mcf_concat_highresPD.nii.gz –Tmean mean_highresPD.nii.gz
4.6.2. * To be submitted by Author: showing:  fslview mean_highresPD.nii.gz  
4.7.  Now, create regions off interest, also called ROIs (say “are oh eyes”), using fslview. [4.7.1 MED over shoulder] Load the high-resolution image, then in the tools tab, select single image tab to enlarge the view for drawing ROIs [4.7.2 SCREEN]. Next, click the File tab followed by Create Mask. Draw a line in the ROI and save [4.7.3 SCREEN]. 
I assume you meant “of”
4.7.1. Talent viewing ROIs. 
4.7.2. *To be submitted by Author
4.7.3. *To be submitted by Author
4.8. Finally, use AFNI’s 3dmaskdump command to extract the image intensities and location of the ROI masks that were just created [4.8.1 SCREEN].    Results will be output as a text file which can be used for further analysis [4.8.2 SCREEN]. 
4.8.1. *To be submitted by Author: showing: 3dmaskdump –o result_mask.txt –noijk –xyz –mask ROI_linemask.nii.gz PDaverage_image.nii.gz
4.8.2. *To be submitted by Author
5. Results:  Proton density images of subcortical structures 
5.1. This series of images compares volume averages in in vivo and Post mortem brains [5.1.1 LM]. Note the postmortem brain shows clear demarcation of subcortical structures in 1 proton density weighted volume, whereas a minimum of 5 averaged images are required for the in vivo brain to provide this detail. [5.1.2 LM]
5.1.1. Figure 3.   Text: (appears with 1st sentence): Top/First row (A) show Text: 5 volumes.  Second row (B) Tex t: 4 volumes.  Third row (C) Text: 3 volumes.   Fourth row (D) Text 2 volumes, bottom/first row (E)-Text: 1 volume.  
5.1.2.  Figure 3.   When” 1 proton density weighted volume” is spoken, the bottom right brain image is indicated. When “5 averaged” is spoken, the top left image is indicated.  
5.2. This Coronal slice in an in vivo brain image shows Clear delineation of the LGN and other subcortical structures [5.2.1 LM], and here we see another slice of the same brain averaged in 40 proton density volumes in the same session, with the same imaging parameters [5.2.2 LM].   
5.2.1. Figure 5A appears, arrows and bar are highlighted when “clear demarcation” is spoken.
5.2.2. Figure 5B appears underneath 5A, arrows and bar are highlighted when “Coronal slice” is spoken
5.3. This postmortem brain slice was acquired in 1 proton density volume scan, and provides clear delineation of subcortical structures, including the right and left LGN [5.3.1 LM]. This slice shows a postmortem brain averaged in 100 proton density volumes with the same slice prescription. The zoomed view shows clear demarcation of subcortical structures [5.3.2 LM].
5.3.1. Figure 6 A: when “clear delineation” is spoken, white arrows highlight Text: acquisition time = 179 s, 512 matrix, bandwidth=40 Hz/px, TR = 3.25 s, TE = 32 ms, 18 slices, 0.3 ( 0.3 ( 1 mm3 voxels [0.15 ( 0.15 ( 0.5 mm3 voxels upsampled] 
5.3.2. Figure 6 B: TEXT: anterior pulvinar nucleus (APul), CA1–CA3 fields of the hippocampus, lateral geniculate nucleus (LG), medial geniculate nucleus (MG), pulvinar (Pul), thalamic reticular nucleus (Rt), ventral posterior thalamic nucleus (VPL).
5.4. Here we see line intensity profiles for in vivo left and right LGN, as well as the post mortem left and right LGN. These lines are for 40 maximum averages in vivo, and 100 averages post mortem. In the post mortem brain, there was no variation in intensity that can be ascribed to layers [5.4.1 LM].
5.4.1. Figure 7: with first sentence; highlight/Indicate blue and green lines when ‘in vivo left and right LGN” is spoken, then red and black lines as ‘post mortem left and right LGN’ is spoken. With 3rd sentence, indicate “postmortem” in figure when “post mortem brain” is spoken 
2. Conclusion (said by authors on camera)

2.1. Larissa : After watching this video, you should have a good understanding of how to follow this optimized protocol for both acquisition and analysis to obtain high-resolution proton density weighted images of subcortical regions. 
2.2. Larissa: Once followed, this method can be applied in clinical settings to reduce scan time to less than 15 minutes in living humans and 3 minutes in post mortem brains when performed properly.

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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