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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? Not Indicated.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Not Indicated.
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 experiment is to evaluate regional cortical hyperexcitability in patients with epilepsy using resting-state functional connectivity MRI guided Transcranial Magnetic Stimulation, in combination with simultaneous EEG (pronounced E-E-G) recording. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mouhsin Shafi: This method can help answer key questions in the field of epilepsy and neurophysiology, such as whether patients with epilepsy have evidence of hyperexcitability in regions that are believed to be part of the epileptogenic network. 
1.2. Mouhsin Shafi: The main advantage of this technique is that it can assess differences in cerebral excitability as a function of underlying connectivity, and can be used to actively assess brain reactivity in a variety of different regions.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Bernard Chang: This technique has implications for the diagnosis and therapy of epilepsy, as cortical hyperexcitability can be identified even when the routine EEG is normal and epileptogenic circuits can be targeted therapeutically.  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Shafi: Demonstrating the procedure will be Tamara Gedankian, a research assistant from my laboratory.  

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Beth Israel Deaconess Medical Center.
Protocol (read by voice talent at JoVE):
2. TMS-EEG Experimental Session
2.1. Prior to testing, determine the two TMS (pronounced T-M-S) target regions [2.1.1-MED-over shoulder-TXT] by superimposing each subjects’ functional connectivity map onto each subjects’ structural image [2.1.2-SCREEN].
2.1.1. Talent at the computer with fMRI maps on screen. TEXT: TMS = Transcranial Magnetic Stimulation

2.1.2. *To be provided by author

2.2. To begin the experimental session, bring the subject into the testing room and have them sit in a chair [2.2.1-WIDE]. Measure the subject’s head and select an electroencephalography, or EEG, cap of appropriate size to enable low electrode impedances [2.2.2-MED]. 
2.2.1. *Film as written

2.2.2. *Film as written

MOVE 2.5 HERE
2.3. Next, thoroughly clean the skin underneath each electrode using a cotton-tip applicator and alcohol [2.3.1-CU]
2.3.1. *Film as written 

2.4. Add conductive gel to each electrode and press down on the electrode to ensure good contact between the scalp, gel, and electrode [2.4.1-MED]. To minimize charging artifacts, ensure that the gel does not spread outside of the electrode holder [2.4.2-CU]. 

2.4.1. **Film as written
2.4.2. Show electrode on scalp without any gel leaking out of the holder.
2.5. Place the reference and ground electrodes on the forehead and as far form the stimulation coil as possible to minimize the possibility of a TMS-induced electrode artifact contaminating the entire recording [2.5.1-MED].  Place these electrodes within a few centimeters of each other to minimize common mode noise [2.5.2-CU].
2.5.1. *Film as written

2.5.2. *Film as written
2.5.3. [added]

2.6. Then, press the ‘measure impedances’ button on the EEG system [2.6.2-CU]. Check electrode impedances by plugging the EEG output cables into the ‘impedance’ jack of the EEG recording system [2.6.1-MED].  Ensure that the electrode impedance is not greater than 5 kilohms [2.6.3-MED-over shoulder]. 

2.6.1. *Film as written
2.6.2. *Film as written
2.6.3. [combined with 2.6.3] Show EEG system where impedance is not shown greater than 5 kilohms.
2.7. Next, prepare the electromyography electrodes on the contralateral hand [2.7.1-MED-TXT].

2.7.1. *Film as written. TEXT: Use first dorsal interosseous or abductor pollicis brevis muscles.

2.8. Give the subject earplugs to minimize risk of hearing loss and tinnitus [2.8.1-MED]. Then, place the infrared detectors on the subjects’ head, ensuring that the detectors are placed in a way to minimize risk of movement during the experimental session [2.8.2-MED].
2.8.1. *Film as written.
2.8.2. *Film as written.
2.9. Co-register the subject’s head with the MRI images [2.9.1-MED-over shoulder] by identifying the location of the pre-selected external anatomic fiducial markers on the subject using the pointer that is included with the neuronavigation equipment [2.9.2-MED]. 

2.9.1. Show MRI images on the computer.
2.9.2.  Use pointer to identify markers on the subject. 

2.9.2.1. [added] 

2.10. Familiarize the subject with stimulation by applying a pulse elsewhere [2.10.1-MED-TXT] or by applying a low intensity stimulation pulse to the scalp [2.10.2-MED-TXT].

2.10.1. Apply a pulse to the subject’s arm.  TEXT: e.g. the subject’s arm

2.10.2. *Film as written. TEXT: 5% max stimulator output.

2.11. Determine the resting motor threshold by locating the subject’s motor cortex on the hemisphere ipsilateral to the functional connectivity based targets [2.11.1-MED-TXT]. 
2.11.1. *Film as written. TEXT: Region of the Omega in the precentral gyrus

2.12. Angle the coil perpendicular to the gyrus, with the handle pointing occipitally, and begin stimulation at an intensity that is expected to be subthreshold [2.12.1-MED-TXT].
2.12.1. *Film as written. TEXT: 30% max stimulator output

2.13. Then, increase stimulation intensity in steps of 5% max stimulator output until TMS consistently evokes motor evoked potentials with amplitudes greater than 50 microvolts in each trial [2.13.1.MED]. Decrease stimulation intensity in steps of 1% max stimulator output until less than 5 positive responses out of 10 are recorded [2.13.2-CU]. 

2.13.1. Show talent increasing stimulation intensity on the EEG system; then show MEPs on screen
2.13.2. Show decrease in stimulation intensity on the EEG system screen.
2.14. Finally, set the TMS intensity to the desired value [2.14.1.MED-over shoulder-TXT]. Apply single pulses of TMS to each of the target regions using the neuronavigation software, with variable intervals between pulses to minimize cortical plasticity and subject expectancy effects [2.14.2-MED-TXT].
2.14.1. *Film as written. TEXT: 120% resting motor threshold.
2.14.2. *Film as written. TEXT: Every 4-6 s.
2.15.1

[added] TMS EEG
3. EEG Data Analysis
3.1. Begin by performing an initial round of an independent component analysis, or ICA (pronounced I-C-A), and remove the 1-2 components representing the large TMS-induced initial muscle activation [3.1.1-MED-over shoulder]. To do this, run ICA using the FastICA method with the ‘symmetric approach’ and the ‘tanh’ (pronounced tan) contrast function using the command shown here [3.1.2-SCREEN-TXT].
3.1.1. Talent at computer, removing components. 

3.1.2. *To be provided by author; TEXT: EEG = pop_runica(EEG,'icatype','fastica', 'approach', 'symm', 'g', 'tanh');

3.2. Identify components consistent with TMS artifact by selecting ‘Tools’, ‘Reject data using ICA’, and ‘Remove components by map’, which will plot topographic maps of all the ICA components.  Then, click on the number for each component to plot component details [3.2.1-SCREEN].
3.2.1. *To be provided by author

3.3. Next, delete the artifactual components by selecting ‘Tools’, ‘Remove components’, and entering the relevant component numbers in the field for ‘Components to remove from data’ [3.3.1-SCREEN].
3.3.1. *To be provided by author

3.4. In the ‘Confirmation’ box that pops up, press ‘Accept’ after reviewing the event related potentials, or ERPs (pronounced E-R-Ps) that result after deletion of the selected component, and then press ‘Plot ERPs’. After reviewing single trial effects, press ‘Plot single trials’ [3.4.1-SCREEN].
3.4.1. *To be provided by author

3.5. Perform a second round of ICA, and remove components corresponding to artifacts of decay, blinks, muscle, and electrode noise [3.5.1-MED-over shoulder].
3.5.1. *Talent at computer performs ICA.
3.6. To do this, run ICA using the FastICA method with the ‘symmetric approach’ and the ‘tanh’ contrast function just as done for the first round of ICA [3.6.1-SCREEN]. Likewise, evaluate component properties just as done with the topographic map in the first round of ICA [3.6.2-MED-over shoulder].
3.6.1. *To be provided by author

3.6.2. *Talent at the computer. Same as 3.5.1
3.7. Then, mark components consistent with residual TMS decay artifacts, blink artifacts, and muscle artifacts.  Additionally, mark components consistent with channel noise based on spatial and temporal distribution [3.7.1-SCREEN].
3.7.1. *To be provided by author

3.8. Finally, remove marked components just as done in the first round of ICA, by selecting ‘Tools’, ‘Remove components’, and entering the relevant component numbers in the field for ‘components to remove from data’ [3.8.1-SCREEN].
3.8.1. *To be provided by author
3.8.2. [Added] *Before confirming the deletion of the selected components, compare the EEG data that would result after deleting components to the original data using the EEGLAB functions, to ensure that artifacts are being deleted and cerebral data preserved.

4. Results: Connectivity-guided TMS-EEG indicates cortical excitability in patients with epilepsy
4.1. Resting-state functional-connectivity MRI is used to identify regions on the cortical surface with connectivity to the regions of heterotopia [4.1.1-LM].
4.1.1. Figure 1A.tif: Show brain with activation first, then show labels, arrows, and coil image.

4.2. TMS to these regions produces abnormally increased delayed activity relative to regions that do not have abnormal connectivity, and relative to the same sites in healthy controls  [4.2.1-LM].

4.2.1.  Figure 2A-B.tif: Show TMS-evoked potential for epilepsy patient (Figure 2A) and label ‘Epilepsy Patient’, then show matched control (Figure 2B) and label ‘Healthy Control’.
4.3. Here, source localization of the abnormal late peaks in the TMS-evoked potentials in patients with epilepsy can identify brain regions from which the abnormal activity arises [4.3.1-LM], and may spatially co-localize with the patient’s seizure focus [4.3.2-LM].
4.3.1. Figure 3A.tif: Circle the region of activation.

4.3.2. Figure 3B.tif: Circle the blue region of activation and label ‘Region of seizure onset’

5. Conclusion (said by authors on camera)
5.1. Shafi: After watching this video, you should have a good understanding of how to use resting-state functional-connectivity MRI guided TMS-EEG to evaluate cortical excitability in different regions in patients with epilepsy or other neuropsychiatric diseases.

5.2. Chang: Following this procedure, other methods like repetitive TMS could be performed in order to determine whether decreasing the excitability of the cortical regions in the pathogenic network can modify disease activity. 
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.  

Section 2.1 – Screen capture 1
Section 3 – Screen capture 2-10

4.1.1 – 53727_Shafi_Figure 1.tiff – subfigure 1A

4.1.2 – 53727_Shafi_Figure 2.tiff – subfigures 2A, 2B
4.2 – 53727_Shafi_Figure 3.tiff
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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