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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? Please list 4-6 individual steps using the step numbers listed in this document.  4.3 – 4.5
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.) 2.4 and 2.5
E.  Will the filming need to take place in multiple locations?  Yes, within the same building. 
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 is to introduce cortical microinfarcts as a new imaging marker of microvascular brain pathology on MRI. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Susanne van Veluw: We first identified microinfarcts on in vivo 7 tesla MRI scans. We performed post-mortem MRI to confirm the pathology of these lesions. Here we demonstrate the post-mortem MRI protocol that we used for this purpose.
1.2. Susanne van Veluw: We also propose rating criteria for microinfarcts on in vivo 7 tesla MRI and 3 tesla MRI scans. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Jaco Zwanenburg: Post-mortem MRI of human brain tissue is a powerful tool to bridge the gap between neuropathology and in vivo MRI, and is particularly valuable in the area of cerebral small vessel disease, which involves different lesion types. 
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 medical ethics committee of the University Medical Center Utrecht.
Protocol (read by voice talent at JoVE):
2. Validation of cortical microinfarcts using MRI

2.1. Prior to port-mortem scanning, select 10 mm thick formalin-fixed coronal brain slabs [2.1.1-MED (over shoulder)]. In this example, three slabs are taken from the frontal, temporo-parietal, and occipital regions of the brain [2.1.2-MED].
2.1.1. *Filmed as written

2.1.2.  Show containers holding the brain slabs labeled Please add labels with each region.
2.2. Take photographs of the brain slabs on both sides or take careful notes of the orientation of the slabs in the container and in the scanner for the purpose of co-localization of histology with MRI (pronounced M-R-I) [2.2.1-MED].
2.2.1. *Filmed as written
2.3. Fill a container that fits within the MR (pronounced M-R) head coil with 10% fresh formalin at room temperature [2.3.1-MED]. Use a flow cabinet when handling the formalin [2.3.2-MED]. 
2.3.1. *Filmed as written

2.3.2. *Filmed as written

2.4. Avoid air bubbles when placing the brain slabs in the container [2.4.1-MED]. Remove the majority of air bubbles by gently shaking the tissue by hand. [2.4.2-MED]. 
2.4.1. Point out air bubbles in the container.
2.4.2. *Filmed as written
2.5. Place a smaller container inside the larger container to limit the amount of needed fluid as well as to ensure that the slabs do not move within the larger container [2.5.1-MED (over shoulder)]. Optionally, remove additional air bubbles by placing the container in an ultrasound bath [2.5.2.-MED]
2.5.1. *Filmed as written
2.5.2. [added] *Filmed as written

2.6. Next, cover the container with parafilm to prevent evaporation and to protect the MR head coil from potential contamination [2.6.1-MED].
2.6.1. *Filmed as written
2.7. Use a whole-body 7T MRI scanner with a 32-channel head coil to scan the brain slabs [2.7.1-WIDE].
2.7.1. Talent takes the container with brain slabs into the 7T room.

2.8. Wrap the container in a surgical underpad when placing it in the head coil to prevent the potential spilling of fluid [2.8.1-MED]. Ensure that the container cannot move and that the slabs remain in a horizontal position [2.8.2-MED]. 

2.8.1. *Filmed as written

2.8.2. *Filmed as written

2.9. Run a survey scan and correct inhomogeneity by using an appropriate shimming tool [2.9.1-MED (over shoulder) + 2.9.1 A+B SCREEN + 2.9.1 C+D SCREEN]. Calibrate the RF power to obtain the correct flip angles [2.9.2-MED (over shoulder) SCREEN].

2.9.1. Show MR computer as talent uses the shimming tool. A+B can be cut shorter and merged. C can be cut (only use first few sec.) and merged with D. D is a very long screen capture, and may need to be edited / cut shorter later.
2.9.2. Talent calibrating the RF power on the computer.

2.10. Next, plan the high-resolution acquisition on the survey scan to ensure the brain slabs are fully within the field of view [2.10-SCREEN]. Please only use first 10 sec.
2.10.1. *To be submitted by Author
2.11. Scan the brain slabs overnight using a high resolution acquisition protocol that includes 3D FLAIR (pronounced 3-D flare), T2 (pronounced T-2), and T1 (pronounced T-1) weighted images with an isotropic resolution of 0.4 mm, and a T2 star weighted image with an isotropic resolution of 0.18 mm [2.11 A+B -SCREEN].
2.11.1. Show exam card with these images listed to be scanned
2.11.2. Show examples of each of these images (acquired after a night of scanning). [2.11 B-SCREEN]
2.12. Use a VPN connection to monitor the scanner overnight for any pop-ups or automatic software processes that may interrupt scanning [2.11-MED (over shoulder)]. + Use Pop-up from [2.9.1C SCREEN] At 7 seconds, zoom in on pop-up
2.12.1. Talent sitting at the computer setting up a VPN connection.

2.13. Return the following morning, after a total scan time of approximately 12 hours, and remove the brain slabs from the MRI [2.13.1-MED]. Finally, store the brain slabs in formalin [2.13.2-MED (over shoulder)].
2.13.1. *Filmed as written

2.13.2. *Filmed as written

3. Assessing cortical microinfarcts on in-vivo 7T MRI
3.1. Assess cortical cerebral microinfarcts on in-vivo 7T MR images according to the following 7T rating criteria [3.1.1-MED (over shoulder)].
3.1.1. Show talent looking at 7T MR image with microinfarct on computer screen
3.2. Cortical microinfarcts are hyperintense on FLAIR, hyperintense on T2, hypointense on T1, detectable on at least two views of the brain, restricted to the cortex, distinct from perivascular spaces, and they have a dimension less than or equal to 4 mm [3.2.1-SCREEN-TXT].

3.2.1. *To be submitted by Author, TEXT: 7T Rating Criteria PowerPoint file
3.3. Simultaneously view FLAIR, T1, and T2 images to place markers on possible lesion locations [3.3.1-SCREEN].

3.3.1. *To be submitted by Author Please add labels above the MR images: ‘FLAIR’ ‘T1’ ‘T2’ respectively.
3.4. Assess one hemisphere on FLAIR in sagittal view and screen the whole cortex for focal hyperintense lesions. Place markers on any hyperintense lesions less than or equal to 4 mm as they could be possible microinfarcts. Repeat for the other hemisphere [3.4.1-SCREEN].

3.4.1. *To be submitted by Author @ 4 sec ( please add label ‘too big (>4 mm)’ to first screen. @42 – 45 sec. ( please add label ‘perivascular space’ to first screen.
3.5. Then, verify all marked locations on T1 and T2. Discard a location if it is not hypointense on T1 or not hyperintense on T2 [3.5.1-SCREEN].

3.5.1. *To be submitted by Author

3.6. Finally, assess the transversal view on FLAIR, T1, and T2. Discard a location if no lesion is visible. Save all markers [3.6.1-SCREEN].

3.6.1. *To be submitted by Author
4. Assessing cortical microinfarcts on in-vivo 3T MRI
4.1. Assess cortical microinfarcts on in-vivo 3T MR images according to the following 3T rating criteria [4.1.1-MED (over shoulder)].
4.1.1. Show talent looking at 3T MR image with microinfarct on computer screen

4.2. Cortical microinfarcts are hypointense on T1, with the greatest dimension less than or equal to 4 mm, restricted to the cortex, and distinct from perivascular spaces [4.2.1-SCREEN-TXT].

4.2.1. *To be submitted by Author, TEXT: 3T Rating Criteria Powerpoint file. 4.2.1. = 1st slide
4.3. Explore the location of a hypointense cortical lesion found on T1, on FLAIR and T2 weighted images. Rate the lesion as a probable cortical microinfarct if the location is hyperintense or isointense on FLAIR and T2. Discard the lesion if the same location is hypointense on T2 [4.3.1-SCREEN-TXT].

4.3.1. *To be submitted by Author Powerpoint file. 4.3.1. = 2nd slide
4.4. First assess one hemisphere on T1 in sagittal view. Screen the whole cortex for focal hypointense lesions. Place markers on any hypointense lesion less than or equal to 4 mm. Repeat for the other hemisphere [4.4.1-SCREEN].

4.4.1. *To be submitted by Author Please only use first 25 sec.
4.5. Assess the transversal view on T1 and simultaneously verify all marked locations on transversal FLAIR and T2. Regard the location as a microinfarct if it is hyperintense or isointense on FLAIR and T2 [4.5.1 A -SCREEN]. Discard a location if it is hypointense on T2 or an anatomical variation [4.5.1 B -SCREEN].
4.5.1. *To be submitted by Author

4.6. Finally, it is recommended to discard possible cortical microinfarcts in tissue with close proximity to a larger cortical infarct. Save the markers [4.6.1-SCREEN]. 

4.6.1. *To be submitted by Author
5. Results: Cortical CMIs found on 3T and 7T in-vivo MR images
5.1. This is an example of an ex vivo 7 tesla 0.18 mm isotropic T2 weighted image of a case with severe cerebral amyloid angiopathy [5.1.1-LM].
5.1.1. Figure4.mp4 @ 0:02 – 0:15s. 

5.2. Here, in another case a possible microinfarct was identified on FLAIR, T2, and T1 [5.2.1-LM].
5.2.1. Figure 5 – Show first three images, one at a time, from left to right.
5.3. After microscopic examination of the histological sections, this microinfarct proved to be a chronic gliotic (pronounced glee-ot-ick) microinfarct with cavitation [5.3.1.-LM].
5.3.1. Figure 5 – Show fourth image with VO ‘microscopic’. Then show 5th image.
5.4. This is a cortical microinfarct on in-vivo 7 tesla MR images, where it is hyperintense on FLAIR and T2, and hypointense on T1 [5.4.1-LM]. 

5.4.1. Figure 6 – Highlight FLAIR and T2 labels, then highlight T1 label. 
5.5. Cortical microinfarcts on 3 tesla MRI can best be identified on 3D T1-weighted images. Here, a cortical microinfarct is identified as a hypointense lesion on T1. The corresponding location is hyperintense on FLAIR and T2 [5.5.1-LM].
5.5.1. Figure 7 – Show both T1 labeled images first, then show FLAIR and T2.



6. Conclusion (said by authors on camera)
6.1. Susanne van Veluw: After proper training, it will take someone approximately half an hour on average to rate microinfarcts on one 3 tesla MRI scan. We would like to stress that our proposed rating criteria may need to be adjusted, depending on other available datasets.
6.2. Geert Jan Biessels: We encourage others to assess microinfarcts in their own exisiting datasets. This will help to rapidly increase our understanding of the clinical significance of these lesions. We are setting up a module to train other investigators in microinfarct rating.
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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