
Submission ID #: 51442 
Editor Name: Laura Rigolo
Videographer name:  Brandon Hutchinson
Film Date: 3/11/14

Authors and Affiliations: 
Zulfi Haneef, MD1,2, Agatha Lenartowicz, PhD3, Hsiang J. Yeh, BS4, Jerome Engel Jr., MD, PhD4, John M. Stern, MD4

1. Department of Neurology, Baylor College of Medicine, Houston, Texas
2. Neurology Care Line, Michael E DeBakey VA Medical Center, Houston, Texas
3. Semel Institute for Neuroscience and Human Behavior, University of California, Los Angeles, California
Department of Neurology, University of California, Los Angeles, California

Title:  Network Analysis of the Default Mode Network using Functional Connectivity MRI in Temporal Lobe Epilepsy

Corresponding Author: 	
Zulfi Haneef, MD, 
Assistant Professor in Neurology,
Peter Kellaway Section of Neurophysiology
Department of Neurology, Baylor College of Medicine,
One Baylor Plaza, MS: NB302
Houston, TX 77030
Email: haneef@bcm.edu

Author E-mails:
· Agatha Lenartowicz, PhD: alenarto@ucla.edu
· Hsiang J. Yeh, BS: yehman@ucla.edu
· Jerome Engel Jr., MD, PhD: engel@ucla.edu
· John M. Stern, MD: jstern@ucla.edu

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ 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_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____2, 3, 6_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Getting good fMRI recording is the most important part, and we achieve this by getting the participant to remain motionless during scans._

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):


Conceptual Narrative:
The overall goal of the following experiment is to obtain statistical maps comparing the difference of resting state fMRI scans between healthy controls and patients with epilepsy. (Intro)

This is achieved by obtaining fMRI data in subjects with temporal lobe epilepsy as well as healthy control subjects. (P1)

As a second step, the fMRI is pre-processed, which prepares the data to be statistically analyzed. (P2)  

Next, the pre-processed fMRI data is analyzed in order to obtain statistically valid comparisons between the two groups. (P3)

Results are obtained that show differences in brain networks among patients with epilepsy compared to brain networks of healthy control subjects based on statistical differences in brain network maps between these two groups. (P4)

[image: ]
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


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

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
Authors, please assign only one of these statements to each author who will be on camera.   Suggest using the statement in bold. 
Note from videographer: These guys pulled a switcheroo for the intro & conclusion. The order is correct but the slate does not match up with the script and there is no 1.1-1.4 or 6.1. The second guy's first name was Pete.
Note from author: We recorded two intros and conclusions, of Dr. Stern and Dr. Engel.
1.1. Author name _________: The main advantage of this technique over existing methods, like EEG and structural MRI, is that it combines structural and functional data.   
1.2. Author name ________: This method can help answer key questions in neuroscience, such as the visualization of normal and abnormal resting state brain networks.  
1.3. Author name _________: The implications of this technique extend toward diagnosis of epilepsy and its comorbid conditions, since it can be used to examine the brain networks in subjects with epilepsy and compare these networks to healthy control subjects.  (Cut since this redundant, this is mentioned above)
1.4. Author name ________: Though this method can provide insight into epilepsy, it can also be applied to other systems, such as dementia or mood disorders. NOTE: (suggest using this one)
1.5. Author name _______: Generally, individuals new to this method will struggle because designing a proper analysis involves understanding of statistical neuroimaging analyses techniques.         NOTE: (suggest using this one)
1.6.  Author name ________: We first had the idea for this method, after recognizing the importance of the default mode network in the clinical manifestation of seizures, and wondering if this network would be abnormal between seizures.   NOTE: (suggest using this one)
1.7. Author name _________: Visual demonstration of this method is critical as the analysis steps are difficult to learn, there are many different approaches, and choosing the correct approach requires careful consideration.    


Protocol (read by voice talent at JoVE):
2. Subject Selection and Functional Imaging
2.1. The study population for this protocol should include 3 groups: right temporal lobe epilepsy patients, left temporal lobe epilepsy patients, as well as healthy controls. A total of about 35 subjects are recommended. 
2.1.1. TILTE SCREEN: spoken with section title screen
2.2. The epilepsy subject groups should be patients who are diagnosed to have temporal lobe epilepsy, such as candidates for anterior temporal lobe resection as determined by video-EEG monitoring, PET imaging, and neuropsychological testing. Assure that all subjects have normal brain MRIs and are free from neurologic illness other than epilepsy in the patient groups.
2.2.1. WIDE: subject enters the room and is greeted by talent, and they shake hands.
2.2.2. MED: talent and the subject are sitting together at a table/desk or in a waiting area, as talent speaks to the subject, as if explaining the experiment.
2.3. Obtain IRB approval and written informed consent from all subjects prior to imaging, and screen for MRI safety. Patients should continue their usual medications during the fMRI scan and should not be scanned immediately following a seizure.  
2.3.1. MED: the subject signs a consent form for the study.  
2.3.2. MED: the subject hands the form back to talent, and then talent speaks to the subject again, providing more info.
2.4.1 – 2.5.2 - Shot descriptions do not necessarily match up with the shot. We had very limited access to the scanner room.
2.4. A 3 Tesla MRI system should be used for all imaging described in this protocol. Obtain axial slices for functional images using an echo planar imaging sequence.  And for anatomic images use a spoiled gradient recalled sequence.  
2.4.1. WIDE: talent and the subject enter the MRI scanner room.  (Note to videographer: Film from MRI room doorway only, do not enter the room. The scanner is a strong magnet and cannot be turned off)   (if not actually using the scanner on day of filming, get a wide shot of the scanner if possible.)
2.4.2. MED over the shoulder: talent at the scanner console setting up for EPI scanning (ie setting the TR, TE, FOV…)  
2.5. Ask participants to relax and remain still with their eyes closed, and perform functional imaging using the parameters as seen here: (TEXT ON SCREEN: TR=2000 ms, TE=30 ms, FOV=210 mm, matrix= 64 × 64, slice thickness 4 mm, 34 slices.) Also use the following parameters for the SPGR T1 weighted high-resolution structural imaging (TEXT ON SCREEN TR=20 ms, TE=3 ms, FOV = 256 mm, matrix = 256 × 256, slice thickness 1 mm, 160 slices.) Each imaging session should last about 20 minutes. 
2.5.1. MED: talent starts the scan, then if possible camera pans up to the scanner with subject inside through the glass window (if you cannot scan on the MRI machine while filming, just show the MR tech at the console.  Alternatively, we could show a sample EPI image here instead if this is provided)   TEXT ON SCREEN: TR=2000 ms, TE=30 ms, FOV=210 mm, matrix= 64 × 64, slice thickness 4 mm, 34 slices.)
2.5.2. MED: talent sets up the imaging parameters for the structural scan (Alternatively,  we could show a representational SPGR image to here) (TEXT ON SCREEN TR=20 ms, TE=3 ms, FOV = 256 mm, matrix = 256 × 256, slice thickness 1 mm, 160 slices.)
3. Pre-Processing of BOLD data
Authors, as the remainder of the protocol involves software use, videocapture of these steps is often requested. If you feel that videocapture cannot be provided for any of these steps, please ask for it to be filmed by the videographer, or provide an image to illustrate the step.   
3.1. Begin by pre-processing the fMRI data using FSL software. First use FSL MCFLIRT (pronounce each letter: f-s-l, then the word ‘mcflirt’) to remove head movement artifact. Then use the FSL brain extraction tool, or BET, to remove non-brain tissue with the option minus F for BOLD (say the word ‘bold’) files. This allows for further analysis steps on the brain tissue alone.  
3.1.1. MED over the shoulder: talent opens  the FSL software 
3.1.2. LAB MEDIA: For sentence 2 (MCFLIRT), show static image of motion correction files. (To be Provided by author) 
3.1.3. LAB MEDIA: show image of head MRI before and after removal of skull/ scalp tissues. (To be Provided by author)
3.2. Next, in FEAT, (prounounced ‘feat’) run a minimally processed analysis with registration.  Select “First-level analysis” and change “Full analysis” to “Pre-stats” from the top two buttons. Then under Pre-stats tab, uncheck “BET brain extraction” and select “None” for “Motion correction” as these were already performed.  
3.2.1. MED over the shoulder: talent starts the FSL FEAT software.  
3.2.2. VIDEOCAPTURE: Authors to provide video capture of second sentence above.
3.3. Then register the functional images to the anatomical images, and then to a standard MNI (say each letter) image.  This results in the generation of transformation matrices, which are used later during analysis to warp the seeds selected in standard space into the subject’s brain space.  
3.3.1. VIDEOCAPTURE (or screenshot): of the registration of the functional images to the anatomical images, and then to a standard MNI image.
3.3.2. VIDEOCAPTURE (or screenshot): of the transformation matrices which are used during analysis.  
3.4. Next, use the generated transformation matrix (named 'standard2example_func.mat') and transform CSF and white matter ROI’s (say each letter, ‘arr oh eyes’) into the individual BOLD space. Then, using the fslmeants (say ‘f-s-l mean t-s’) command, extract the time series from the CSF and white matter ROI’s, using the ROI in individual subject space as a mask. 
3.4.1. VIDEOCAPTURE: of transform of the CSF and white matter ROI’s into the individual BOLD space. 
3.4.2. VIDEOCAPTURE: using the fslmeants command: extract the time series from the CSF and white matter ROI’s, using the ROI in individual subject space as a mask.
3.5. Normalize the extracted time series using the software ‘R’. These time series will later be used as regressors in the general linear model to remove the corresponding artifactual signals from the analysis. The next step is removal of subject motion related artifacts. For regression of the motion parameters, set the following within FSL FEAT before running it:  
3.5.1. MED over the shoulder: talent hits "R" to run program Normalizes the extracted time series using the software ‘R’
3.5.2. [added] MED over the shoulder: Talent scrolls through "R" data on screen
3.5.2 3.5.3	MED over the shoulder: talent switches back to the  FSL FEAT software
3.6. First, within the data tab, use the motion-corrected and brain-extracted file as inputs, and set the TR value to correspond to your dataset. Set high-pass filtering using a 100 sec filter, which will remove very low frequency signals of no interest. A low pass filter to remove high frequency signals will be applied later.
3.6.1. VIDEOCAPTURE: Authors to provide video capture of the first sentence above.
3.6.2. VIDEOCAPTURE: of the second sentence above.
3.7. Within the Pre-stats tab, choose "None" under "Motion correction" and Uncheck "BET brain extraction" as these steps have been performed. Perform spatial smoothing using a 5 mm full-width half-maximum.  
3.7.1. VIDEOCAPTURE: of the above.  
3.8. Then, within the stats tab, regress the 6 motion parameters and their temporal derivatives.  Select “None” for convolution and check “Apply temporal filtering.”  Use the output of FSL MCFLIRT to get text files of movement parameters, which can then be input into the FEAT analysis model to regress these in a General Linear Model.  
3.8.1. VIDEOCAPTURE or screenshot : Authors to provide video capture of this step  and/or Screenshot of computer program could be used: titled, “3.2-FEAT-Stat.png –this  shows 6motion parameters) (note, screenshot numbering does not match since they were for a different document)
3.9. Also add the CSF and white matter signals that were extracted and normalized in previous steps to the GLM.  Select “None” for convolution, add temporal derivative, and uncheck “Apply temporal filtering.”
3.9.1. VIDEOCAPTURE: Authors to provide video capture of above.   
3.9.2. [bookmark: _GoBack]MED/BROLL: of talent using the computer, general shots that can be used as needed anywhere above or below. ( i.e. side view, from behind the monitor,  so we can’t see exactly what’s on the screen.)
4. Statistical methods
4.1. The residuals from pre-processing described above should be used for seed-based correlation. These residuals should be first passed through a low-pass filter of 0.1Hz, then demeaned by subtracting the mean, dividing by the standard deviation, and then scaled by adding 100.  Seeds should be defined with a diameter of 6 millimeters in the standard MNI space using MRICron (say: M-R-I ‘cron’) software. 
4.1.1. MED over the shoulder: show talent at the computer performing seed-based correlation, 
4.1.2. VIDEOCAPTURE: show the residuals passed through a low-pass filter of 0.1Hz, then demeaned.
4.1.3. VIDEOCAPTURE: show seeds defined with a diameter of 6 millimeters in MRICron.   
4.2. The posterior and the anterior seeds should correspond to the co-ordinates as seen here: (TEXT on screen (1) Rsp/ PCUN region (x=2, y=-60, z=36) (2) ventromedial pre-frontal cortex (vmPFC ; x=3, y=60, z=-1). Note that these seed locations have been defined within healthy controls. 
4.2.1. SCREENCAPTURE: Screenshot of computer program titled, “4.2-Mricron-seed.png” with TEXT ON SCREEN: (1) Rsp/ PCUN region (x=2, y=-60, z=36) (2) ventromedial pre-frontal cortex (vmPFC ; x=3, y=60, z=-1)
4.3. The seeds should subsequently be transformed to each subject's individual functional brain space from the standard MNI space. For this, use the transformation matrix previously generated to transform the seed from standard MNI space to the individual functional space.  
4.3.1. MED/BROLL: of subject using computer.
4.3.2. VIDEOCAPTURE: show use of the transformation matrix to transform the seed from standard MNI space to the individual functional space.

4.4. Next, use the fslmeants command to extract the time series from the previously demeaned and scaled residual, using the seed in the individual subject space as a mask. Normalize the extracted time series using the software ‘R’. 

4.4.1. VIDEOCAPTURE: Uses of the fslmeants command to extract the time series from the residual, using the seed in the individual subject space as a mask. 

4.4.2. VIDEOCAPTURE: Normalization of the extracted time series using the software ‘R’

4.5. Partial correlations between the seed voxels and all other brain voxels should be calculated separately for each subject for each run. For this, within the FSL FEAT interface, select 'First-level analysis', and then 'Stats + Post-stats'.  Within the Data tab, the previously demeaned and scaled residual should be used as input. 
4.5.1. MED/BROLL: of subject using computer. [note to editor: avoid "error" pop up window]

4.5.2. VIDEOCAPTURE: show:  within the FSL FEAT interface, select 'First-level analysis', and then 'Stats + Post-stats' . Within the Data tab, the residual should be used as input into FEAT. 

4.6. Set the High pass filter cut-off to 10,000, as the residual is already high passed at 100 seconds. Within the Stats tab, unselect "Use FILM prewhitening", and use the previously extracted and normalized seed time series in the GLM.  Within the Post-stats tab, set the desired Z-stat threshold to a value of 2.0.

4.6.1. VIDEOCAPTURE:  of the above steps Set the High pass filter cutoff to 10000…. set the desired Z-stat threshold to a value of 2.0.
4.7. Prior to running group analysis combining runs within subjects, a Fisher's Z transform should be performed on the Contrast of Parameter Estimates file generated from the correlation analysis.  Copy the registration data from the 'reg' directory of the FEAT analysis into the correlation run.    
4.7.1. VIDEOCAPTURE (or screenshot):  of the Fisher's Z transform 
4.7.2. MED over the shoulder: talent copied the reg data from the 'reg' directory into the run
4.8. Run a higher-level analysis by combining runs within each subject.  First select 'Higher-level analysis', and then 'Stats plus Post-stats'.  Then, within the 'Data' tab, choose "Inputs are lower-level FEAT directories" and enter the subject's runs. Within the 'Stats' tab, choose 'Mixed effects: Simple OLS'.  Set up a model as the mean effect, and enter a value of 1 for each of the subject's runs.  

4.8.1. VIDEOCAPTURE: of the steps above. 

4.9. To combine data over runs between subjects, an Ordinary Least Squares simple mixed effects analysis should be used.  For this, choose 'Higher-level analysis', and 'Stats + Post-stats'.  Within the Data tab, choose "Inputs are lower-level FEAT directories" and enter the subjects' combined runs. 

4.9.1. VIDEOCAPTURE: of the above (or Screenshot of computer program titled, “4.7-FEAT-group.png)

4.10. Within the Stats tab, choose 'Mixed effects: Simple OLS.'  Set up a model as 3 groups; enter a value of 1 for the group each subject belongs to, 0 otherwise. Group analysis should be done on each voxel using a one-way ANOVA with three levels which correspond to the three groups.  

4.10.1. VIDEOCAPTURE: of the above (or Screenshot of computer program titled, “4.8-FEAT-design.png)

4.11. To threshold the Z statistic images, use a cluster forming threshold of Z>2.0 and a corrected cluster significant threshold of p=0.0520. To obtain correct z-values on the correlation map, a reverse Fisher's Z transform should be performed on the results.  Finally, use the following specific contrasts as seen on screen here: (TEXT ON SCREEN: (1) right TLE > controls; (2) left TLE > controls; (3) right TLE > left TLE; (4) left TLE > right TLE; (5) control > right TLE; (6) control > left TLE; (7) TLE (combined right and left) > control; and (7) control > TLE (combined right and left)

4.11.1. VIDEOCAPTURE: of the above   Screenshot of computer program titled, “4.9-threshold-and-reverseFZT.png

4.11.2. MED Over the shoulder: talent performing the above analysis, with TEXT ON SCREEN: (1) right TLE > controls; (2) left TLE > controls; (3) right TLE > left TLE; (4) left TLE > right TLE; (5) control > right TLE; (6) control > left TLE; (7) TLE (combined right and left) > control; and (7) control > TLE (combined right and left)

5. Results: Functional Connectivity in Temporal Lobe Epilepsy.
5.1. This figure shows the default mode network revealed with connectivity from a posterior seed including the retrosplenium and precuneus in red-yellow colors and an anterior seed including the ventromedial pre-frontal cortex in blue-green colors. 
5.1.1. Figure 1ABC
5.2. The first row reveals the network for control subjects, the second row for left temporal lobe epilepsy, and the bottom row for right temporal lobe epilepsy. The following figures compare these networks between these three groups. 
5.2.1. Figure 1ABC  
5.3. Here we see the default mode networks revealed with an anterior and a posterior seed for both left and right temporal lobe epilepsy, compared to healthy controls. 
5.3.1. Figure 1DE
5.4. This figure shows the default mode networks revealed with the same seed points for left temporal lobe epilepsy-only compared to healthy controls (1FG), while this figure shows the networks revealed for right temporal lobe-epilepsy only compared to healthy controls
5.4.1. Figure 1FG 
5.4.2. Figure 1HI  appears underneath Figure 1FG
5.5. And finally, here we see the default mode networks revealed, with an anterior and a posterior seed for left temporal lobe epilepsy compared to right temporal lobe epilepsy. 
5.5.1. Figure 1JK
(Authors, the above was edited due to length )
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
Authors, please assign only one of these statements to each author who will be on camera.   Suggest cutting the 1st two unless needed. 
6.1. Author name ________: Once mastered, this technique can be done in a few hours (hours/min) if it is performed properly.  (suggest cutting)
6.2. Author name ________: While attempting this procedure, it’s important to remember to visually check the results from each step along the way, in order to avoid errors affecting results. (suggest cutting)
6.3. Author name ________: Following this procedure, other methods such as graph theory analysis can be performed in order to answer additional questions involving how regions of the brain are functionally linked to each other.
6.4. Author name ________: After its development, this technique paved the way for researchers in the field of neuroscience to explore resting state brain networks in healthy people, as well as patients with dementia, epilepsy, depression and other neuro-psychiatric.
6.5. Author name _________: After watching this video, you should have a good understanding of how to set up and run a seed-based functional connectivity fMRI study, from scanning participants, generating the region-of-interest seeds, to running the proper higher-level analysis for between group comparisons.
6.6. Author name _________: Don't forget that working with high-field magnetic scanners can be extremely hazardous and precautions such as a strict MR safety protocol should always be taken while performing this procedure.   

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, 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.  

1_DE.PNG - DMN networks revealed with an anterior and posterior seed for TLE (including both left and right TLE) compared to healthy controls.
1_FG.PNG - DMN networks revealed with an anterior and posterior seed for left TLE compared to healthy controls.
1_HI.PNG - DMN networks revealed with an anterior and posterior seed for right TLE compared to healthy controls.
1_JK.PNG - DMN networks revealed with an anterior and posterior seed for left TLE compared to right TLE.

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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments
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