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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  
Can you record movies/images using your own microscope camera? (Y/N)_________  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes______ 
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.) _2.5, 2.6, 2.7, 2.9, 3.3, 3.5__________________________________________
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.) _2.5. The users may want to examine their MRI images and make sure the image orientation is correctly indicated.__________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ 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 image analysis pipeline is to perform quantitative volumetric analysis of T1-weighted MR images and to identify critical “change-points” when brain atrophy begins in neurodegenerative diseases. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dan Wu: This method can help answer key questions in quantitative analysis of brain anatomical changes in neurodegenerative diseases, for example, the order and patterns of brain atrophy in the Huntington’s disease. 
1.2. Dan Wu: The main advantage of this technique is that the combination of atlas-based segmentation and change-point analysis brings unique spatiotemporal information about brain degeneration from large population studies.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Susumu Mori: Volumetric analysis of brain MRI is achieved by MRICloud, which provides fully automated image segmentation and quantification via distributed client-server remote computation and web-based user interfaces.
1.4. Andreia Faria: Change-point analysis of brain MRI provides us a systematic view of the disease progression across the whole brain, and the applications of this technique extend toward a range of neurodegenerative diseases.


Protocol: (read by voice talent at JoVE)
2. Atlas-based whole brain segmentation
2.1. To begin this procedure, convert three-dimensional T1-weighted images, from vendor-specific DICOM format to Analyzed format [1-MED-over the shoulder-TXT]. 
2.1.1. Talent converts three-dimensional T1-weighted images from vendor-specific DICOM format to Analyzed format. Text: MPRAGE: magnetization-prepared rapid gradient-echo, DICOM:  Digital Imaging and Communication
2.2. Double-click to open Dcm2Analyze.exe. A popup window will open [1-SCREEN]. Specify the input DICOM data directory path as input, and Analyzed image file path and name as output. Then, click “Go” to complete the conversion [2-SCREEN].
2.2.1. *To be submitted by authors. 57256_2.2.1.mp4. Show that Dcm2Analyze.exe is opened and a popup window appears
2.2.2. *To be submitted by authors. *57256_2.2.2.mp4. Show that the input DICOM data directory path is specified as input and Analyzed image path and file name are specified as output. Then, “Go” is clicked to complete the conversion
2.3. For multi-atlas based T1 image segmentation using MRICloud, log-in “Brain GPS” and select “Segmentation” tool from the main menu [1-SCREEN-TXT]. There are two options under “Segmentation”; the “T1-MultiAtlas” for single T1 image segmentation, and “T1-MultiAtlas Batch” for batch processing [2-SCREEN]. 
2.3.1. *To be submitted by authors. *57256_2.3.1.mp4. Show the logging-in of “Brain GPS” and “Segmentation” tool is selected from the main menu. Text:  https://mricloud.org
2.3.2. *To be submitted by authors. *57256_2.3.1.mp4. Show the two options under “Segmentation”
2.4. Submit jobs on “T1-MultiAtlas Batch” API by compressing multiple Analyzed image files into a zip file, and then click “+.zip” to upload the zip file [1-SCREEN].
2.4.1. *To be submitted by authors. *57256_2.4.1.mp4. Show that multiple Analyzed image files are compressed into a zip file and “+.zip” is clicked to upload the zip file, then show a job on “T1-MultiAtlas Batch” API
2.5. Now, fill in the required fields. For Processing server, choose “Computational Anatomy Science Gateway” [1-SCREEN]. For Slice Type, choose from “Sagittal”, “Axial”, or “Sagittal converted to Axial” [2-SCREEN]. For Multi-atlas library, choose the atlas library with closest age range to the user data to optimize the segmentation accuracy. [3-SCREEN-TXT].
2.5.1. *To be submitted by authors. *57256_2.5.1.mp4. Show that “Computational Anatomy Science Gateway” is chosen
2.5.2. *To be submitted by authors. *57256_2.5.2.mp4. Show that “Sagittal”, “Axial”, or “Sagittal converted to Axial” is chosen
2.5.3. *To be submitted by authors. *57256_2.5.3.mp4. Show that the atlas library with closest age range to the user data is chosen. (Author Comment: Atlas naming convention is highlighted, and “Atlas Repository” menu is shown.) Text: https://braingps.mricloud.org/atlasrepo, For details on the Atlas Repository, see the web page.
2.6. Check the job status through “My job status” [1-SCREEN]. Once the jobs are finished, a “Download Results” button will appear that allows users to download the segmentation results as a .zip file [2-SCREEN]. Results will be saved in individual folders [3-SCREEN].
2.6.1. *To be submitted by authors. *57256_2.6.1.mp4. Show that job status is clicked in “My job status” 
2.6.2. *To be submitted by authors. *57256_2.6.2.mp4. Show that the “Download Results” button appears
2.6.3. *To be submitted by authors. *57256_2.6.3.mp4. Show that results are saved in individual folders.
2.7. Visualize the results by clicking “View result” button. The webpage will turn to the visualization interface [1-SCREEN]. The axial, sagittal, and coronal views of the segmentation map are overlapped on the T1-weighted anatomical image. 3D rendering of the segmented brain structures are shown in the upper left window. Color of the overlaying segmentation map indicates the z-score of the structural volumes [2-SCREEN]. 
2.7.1. *To be submitted by authors. *57256_2.7.1.mp4 Show that “View result” button is clicked and the webpage turns to the visualization interface
2.7.2. *To be submitted by authors. *57256_2.7.2 (1).mp4. Show that axial, sagittal, and coronal views of the segmentation map are overlapped on the T1-weighted anatomical image, and the 3D rendering of the segmented brain structures are shown in the upper left window
2.8. Adjust the visualization options, including overlay ON/OFF, opacity of the overlay, zoom in and out, and slice positions from the upper right panel [1-SCREEN].
2.8.1. *To be submitted by authors. *57256_2.8.1.mp4. Show the adjustment of the visualization options, including overlay ON/OFF, opacity of the overlay, zoom in and out, and slice positions from the upper right panel
2.9. To perform batch processing to obtain brain volumes in a population, use an in-house Matlab program to extract individual brain volumes and combine them in a spreadsheet. In Matlab, run Main.m, and a GUI will pop out [1-SCREEN]. In the “T1 Volume extraction from MRICloud” panel, specify the inputs, including the study directory where the downloaded segmentation results are saved, and the multi-level lookup table file path and file name [2-SCREEN]. 
2.9.1. *To be submitted by authors. *57256_2.9.1.mp4. Show that a graphic user interface is open and the T1 Volume extraction from MRICloud” panel is shown. Text: GUI: graphic user interface
2.9.2. *To be submitted by authors. *57256_2.9.2.mp4. Show procedures to specify the inputs 
2.10. Specify the output directory of the spreadsheet file where the volume data will be written to [1-SCREEN]. Click “Extract volume” button to run the analysis. A message will show after successful completion. Results can be checked in the spreadsheet, where the rows contain individual subject data, and the columns contain the structural volumes of these individuals, defined at multiple anatomical granularities  [2-SCREEN].
2.10.1. *To be submitted by authors. *57256_2.10.1.mp4. Show the procedure to specify outputs.
2.10.2. *To be submitted by authors. *57256_2.10.2.mp4. Show that “Extract volume” button is clicked to run the analysis and the volumetric results are combined in a spreadsheet. (Editor: The author added the last sentence about what the pieces in the spreadsheet mean. I’m not sure if they recorded enough screen capture for this, or if we’ll need to highlight/stress the rows and columns on a freeze-frame. I’d honestly rather not include this and refer the viewer to the text protocol instead – but the authors would really like this shown if their screen capture is clear enough)

3. Change-point analysis of volumetric data 
3.1. To calculate change-points for individual brain structures, use the same Matlab GUI. In the “Change-point analysis” panel, specify the spreadsheets that contain the multilevel volume data and the associated diagnostic information [1-SCREEN]. 
3.1.1. *To be submitted by authors. *57256_3.1.1.mp4. Show the procedure described
3.2. Then, specify the directory of the output text file, which the change-point results will be written to [1-SCREEN]. 
3.2.1. *To be submitted by authors. *57256_3.2.1.mp4. Show the procedure described
3.3. Afterward, choose the level of granularity and type of ontology definition in the drop-down box, at which the change-point analysis will be performed. Also choose the main repressor to be used in the change-point analysis, for example, CAP score for Huntington’s disease [1-SCREEN]. Click “Calculate change-point” button to perform the analysis, and the resultant change-points will be saved in the user-defined output excel file [2-SCREEN].
3.3.1. *To be submitted by authors. *57256_3.3.1.mp4. Show the procedure described
3.3.2. *To be submitted by authors. *57256_3.3.2 (1).mp4. Show that “Calculate change-point” button is clicked to perform the change-point analysis, and the resultant change-points is saved in the output text file
3.4. To perform statistical evaluations of the change-points in the Matlab GUI, specify the parameters for statistical tests, including the number of permutation and number of bootstrap. [1-SCREEN-TXT]. 
3.4.1. *To be submitted by authors. *57256_3.4.1.mp4. Show the procedure described. TEXT: The default values of 10,000 are typically acceptable.
3.5. Click “Statistical test” button to run the tests. After this step, the p-values from permutation test, as well as the mean and standard deviation from bootstrap operation will be written to the output text file as extra columns [1-SCREEN]. 
3.5.1. *To be submitted by authors. *57256_3.5.1.mp4. Show that the “Statistical test” button is clicked to run the tests. Then the p-values, and the mean and standard deviation are written to the output text excel file as extra columns.
3.6. Optionally, to map the change-points onto the brain in 3D space, click “Map change-point”. After this step, a change-point map will be generated and visualized by overlying on the T1-weighted image [1-SCREEN]. 
3.6.1. *To be submitted by authors. *57256_3.6.1.mp4. Show that the “Map change-point” button is clicked to run the tests, and a change-point map is generated and visualized.

4. Results: Whole-brain Segmentation and Change-Point Analysis of Anatomical Brain MRI
4.1. Shown here are the representative results of the atlas-based whole brain segmentation at multiple granularity levels. Axial and coronal views of multi-level segmentation maps are overlaid on T1-weighted anatomical images [1-LM].
4.1.1. -LAB MEDIA: 57256_DanWu_Figure1.tif: Show the images
4.2. The hierarchical anatomical relations between the hemisphere [1-LM], the cerebral nuclei [2-LM], the basal ganglia of the cerebral nuclei [3-LM], the striatum and globus pallidus of the basal ganglia [4-LM], and putamen and caudate of the striatum are illustrated in 3D [5-LM].
4.2.1. -LAB MEDIA: 57256_DanWu_Figure2.tif: Show the first panel (brain and “Level 1”)
4.2.2. -LAB MEDIA: 57256_DanWu_Figure2.tif: Add the second panel (“Level 2”)
4.2.3. -LAB MEDIA: 57256_DanWu_Figure2.tif: Add the third panel (“Level 3”)
4.2.4. -LAB MEDIA: 57256_DanWu_Figure2.tif: Add the forth panel (“Level 4”)
4.2.5. -LAB MEDIA: 57256_DanWu_Figure2.tif: Add the fifth panel (“Level 5”)
4.3. Here, the scatter plots demonstrate the change-point analysis of these structures, where the blue dots denote the z-scores of volumetric data after correcting for age, sex, and intracranial volumes; the black curves are the fitted z-scores, with regression to the change-point dependent CAP scores; and the red lines indicate the positions of the change-points [1-LM].
4.3.1. -LAB MEDIA: 57256_DanWu_Figure3.tif: Show the plots, then add the black curves to all plots, afterward add red lines to all plots
4.4. Here are the whole brain change-point maps at multiple granularity levels. The regions that show significant change points are mapped onto a T1-weighted image, and the colors indicate the change-point values in unit of CAP score [1-LM].
4.4.1. -LAB MEDIA: 57256_DanWu_Figure4.tif: Show all the maps

5. Conclusion (said by authors on camera)
5.1. Dan Wu: Once mastered, this procedure can be accomplished in several hours for the image segmentation part, depending on the availability of cloud resources; and another few hours for the change-point analysis, depending on the user-defined level of granularity.
5.2. Dan Wu: While attempting this procedure, it’s important to always check the quality of the original MR image and the accuracy of image segmentation before proceeding to change-point analysis.
5.3. Susumu Mori: After its development, this technique paved the way for researchers in the field of medical image analysis to explore whole-brain brain anatomical change and its spatiotemporal pattern in large MRI studies of neurodegenerative diseases.
5.4. Andreia Faria: After watching this video, you should have a good understanding of how to perform automated segmentation of T1-weighted images, and how to use the Matlab GUI to run change-point analysis of volumetric data.


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 N

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.
 2017, Journal of Visualized Experiments

