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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _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)__No______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____3.4-3.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Bringing the robot into the room and set up, we have everything ready to go there so we can set up quickly and begin as soon as we can.
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 assess how the brain encodes decisions by playing the card game “war” ___. (Intro)
This is achieved by having the patients play a decision-making game while recording brain activity from multiple intracranial electrodes that have been surgically implanted for clinical purposes. (P1)  Show P1, could also add still shot from 4.2.2 of patient performing the task. 
As a second step, the data is analyzed offline, to interpret the findings. (P2)  Show P2
Results are obtained that show _significant gamma-band modulation in the limbic system based on  power spectrum analysis. (P3)  (This is figure 1.   Note figure 2 and 3 are the top and bottom rows, could have these appear one at a time here.) 
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).   
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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.    

1.1. Author name __Thompson: The main advantage of this technique over existing methods, like MRI, Pet, and MEG, is that it offers both high spatial and temporal resolution at the same time while other methods offer only one or the other.   

1.2. Author name ___Johnson: This method can help answer key questions in the field of Neuroscience involving cognitive and motor behavior, as well as brain connectivity and other functions.  
1.3. Author name Gale: The implications of this technique extend toward therapy (or diagnosis) of many neurological diseases, since multiple areas of the brain have electrodes implanted in them and can be recorded from at the same time, which is currently not available using other methods in humans.   

1.4. Author name Park: Though this method can provide insight into how the brain encodes decisions, it can also be applied to other brain functions, such as motor memory or language function.
1.5. Author name __Bulacio: Generally, individuals new to this method will struggle due to a lack of suitable patient populations at their institutions, lack of proper equipment, and because the data acquisition steps are difficult to learn.
1.6.  Author name __Gonzalez:  We first had the idea for this method when we realized that we have a large population of patients available at our institution being implanted with SEEG electrodes, and that this provided a unique research opportunity.  that we could learn a great deal from.

1.7. Author name __Thompson_______: Visual demonstration of this method is critical as the __data acquisition ____________ steps are difficult to learn, because __they involve many steps and patient safety is always a concern_____________.   

Protocol (read by voice talent at JoVE):
2. Patient Enrollment
2.1. Begin by evaluating patients with refractory epilepsy in consideration for intracranial electrode implantation.  If the patient is a good candidate for the invasive surgery, analyze the patient’s existing MRI, PET and MEG along with the seizure pathology in order to optimize placement of the electrodes.
2.1.1. TITLE SCREEN: first sentence with title screen
2.1.2. MED over the shoulder: talent reviews a patients MRI images in a computer screen. (should be anonymous, no patient name on screen, if a name is seen on screen here or below please blur/block it. )
2.1.3. MED over the shoulder: talent reviews a patient chart (on computer or paper) again no patient identifying info visible.  
2.2. Next, identify eligible patients per the approved IRB protocol based on the inclusion and exclusion criteria. Then meet with the patients in the clinic and obtain written and informed consent prior to any research activities. 
2.2.1. MED over the shoulder: talent reviews the inclusion exclusion criteria in the IRB form.  Perhaps puts check marks next to each criteria.
2.2.2. MED: talent opens a door and enters a clinic room to meet with a patient.
2.2.3. MED: show the consent form that will be signed. 
2.3. Explain the study to the subject, and emphasize that participation is strictly voluntary and will in no way impact clinical care.  Also inform the patient that their information will remain anonymous and confidential and that they may cease participation in the study at any time under no consequence.
2.3.1. MED over the shoulder (of subject): talent explains the study to the subject, as the subject listens. (NOTE: this may need to be a different subject than the one performing the task, since the actual subject is already implanted!  Therefore – film over the shoulder of the subject – so we can’t see subject’s face.)
2.3.2. MED over the shoulder: another shot of talent speaking to the subject, explaining the above, perhaps pointing out info in the consent form. Still Shot (51947_Johnson_Figure_ExplainingToPatientConsent1,2.tif)
3. Behavior System Set Up
3.1. The behavioral system includes an FDA approved robotic arm for patient interaction, a laptop computer to control the behavioral program, a monitor for presenting the task stimuli to the patient, and a data acquisition system to store the electrophysiological and behavioral data. 
3.1.1. MED: show the above equipment before it is brought into the patient room. Try to set these out so that the camera can pan from one item to the next: we see the robotic arm, laptop computer to control behavioral program, a monitor, and a data acquisition system. 
3.2. Before bringing the equipment into the patient’s room, first ensure that there is sufficient space available, as well as access to the necessary outlets. Also check that all equipment and wires are ready to expedite the set up. 
3.2.1. MED: Show as talent enters the area where the equipment will be set up. Perhaps moves a chair out of the way, or moves a hospital curtain is applicable 
3.2.2. MED: show the outlets that will be used, with nothing plugged in yet. 
3.2.3. MED: talent checks over the equipment to see that the needed wires etc. are available. 
3.3. When the patient is ready, bring the behavioral system into the room and begin booting up the behavioral system and robotic arm.  Connect the digital event marker output from the behavioral computer to the DC channels of the electrophysiological acquisition system.  This will time lock the recorded stereo-electroencephalography signals with behavioral event markers. 
3.3.1. MED: talent brings the behavioral system into the room. 
3.3.2. MED over the shoulder: talent starts booting up the behavioral system and robotic arm. 
3.3.3. MED: talent connects the digital event marker output from the behavioral computer to the DC channels of the electrophys system
3.4. It is best to use a separate electrophysiological acquisition system designated for research purposes, as shown here. However, it is possible to use the clinical acquisition system by working with the appropriate personnel. In either case, all efforts should be made not to disrupt the clinical acquisition.  
3.4.1. MED: show the separate electrophysiological acquisition system designated for research purposes. 

3.4.2. MED: show the clinical acquisition system, (if possible, with a nurse or clinician using it, who waves a friendly hello when “appropriate personnel” is mentioned. If no clinicians volunteer for this shot, simply show the EEG recordings on the screen (no patient info – please blur/obscure.)

3.5. Next, calibrate the robotic arm and position it such that the range of motion is comfortable for the patient. Once all equipment is in place, take precautions so that the patients do not harm themselves in the event of a seizure during the task.   Ensure that the emergency stop buttons are easily accessible by the researchers throughout the behavioral task. 
3.5.1. MED: talent calibrates the robotic arm and positions it such that the range of motion is comfortable for the patient. 

3.5.2. MED: talent (or clinical staff) checks to make sure that the bed side arms are up and locked. {This shot was not filmed as the patient was in the chair}
3.5.3. MED: talent assures that the emergency stop buttons are easily accessible and within reach of exactly where they will be standing during the task.

3.6. If a seizure occurs, the emergency stop button should be pressed and the equipment pulled away from the patient, as demonstrated here.  In addition, do not use the velcro straps that come with the robot system, to facilitate removal from the patient.
3.6.1. MED: talent demonstrates pressing the emergency stop button and then they pull the equipment away from the patient quickly.  
3.6.2. MED: talent shows the velco straps to the camera, which are not in use.  {This was not shot}
4. Behavioral Task
4.1. After the completion of the rig set up and calibration of the interface device, explain the behavioral task to the patient, and have the patient practice the task. Use a behavioral task similar to the children’s card game of “war”. Ask the patient to make wagers as to whether their card is greater than the computer’s card.  
4.1.1. TITLE SCREEN: first sentence with title screen. 

4.1.2. MED: talent explains the behavioral task to the patient, as patient listens.
4.2. The choice of the wager is based on the patients’ perception of the relative value of their card. Simplify the task for subsequent analysis, by only using cards of one suit and limiting the deck to the 2, 4, 6, 8, and 10 numbered cards. 
4.2.1. MED: show as the subject begins practicing the task 
4.2.2. MED: another shot (different angle) of the subject performing the task  (Or, alternatively: LAB MEDIA:  Authors, it might make more sense here to show a graphic showing the 2, 4, 6, 8, and 10 numbered cards of one suit, if you can provide this.)  
4.3. During the task, show a fixation cue on the screen for 350 milliseconds.  Ensure the patient holds the cursor over the fixation mark to initiate the task.  Next the stimulus should be presented for 1000 milliseconds. Allow the patient to see their card with the computer’s card next to it face down.
4.3.1. MED: show the patient performing the task, as a fixation cue appears, and then the subject holds the cursor over the fixation mark to initiate the task. 
4.3.2. MED: the stimulus is presented; and the patient sees their card with the computer’s card next to it face down.
4.4. Following the cards disappearance, show a go-cue (< 5000 ms) displaying two options, asking the patient to bet either $5 or $20, based on their card. Ask the patient to place the bet by moving the cursor using the robotic arm, over their chosen wager. Randomize the wager position from trial to trial to ensure that there is no bias based on position.
4.4.1. MED: the card disappears, and we see the cue asking the patient to bet either $5 or $20. 
4.4.2. MED: the subject moves the cursor using the robotic arm over their chosen wager.
4.4.3. MED: Another shot of as the subject moves the cursor using the robotic arm over their chosen wager, but this time the wager position had changed.
4.5. After the wager has been selected, there should be a delay (250-500 ms), followed by the revelation of the computer’s card (1000-1250 ms). Observe (1000 ms), whether the trial was a win, lose, or draw and how much was won or lost. Allow the patient to practice until they are confident in their performance and have no questions about the task. 
4.5.1. MED: show as subject is watching the task: there is a delay followed by the revelation of the computer’s card.  Then we see if it was a win, lose, or draw and how much was won or lost. 
4.5.2. WIDE: show as the subject continues to practice the task, then speaks to talent as if telling them that he/she is ready to begin. 
5. Data Acquisition and analysis
5.1. Before recording, first verify that the settings on the acquisition system are appropriately selected and assure that the patient is ready. Then, turn off the room lights and TV to keep the background noise to a minimum during the recording. Additionally, ask the patient to refrain from behaviors such as tapping their foot, talking or shaking their legs. 
5.1.1. MED over the shoulder: talent checks that the settings on the acquisition system are appropriately selected, then asks the patient if they are ready. (hopefully subject can be seen in the shot, and they say yes and give a thumbs up. ) Still Shot (51947_Johnson_Figure_CheckAquisitionSettings.tif)
5.1.2. MED: talent turns off the room lighting. Still Shot (51947_Johnson_Figure_TurningOffLights2.tif)
5.1.3. MED: briefly, we see the TV turn off (note –it should be on for the previous parts of the protocol, if not, cut this shot) {This was not filmed}
5.1.4. MED: The subject taps their foot or moves their leg, and talent speaks to them asking them to stop, and they stop, and they nod and say ok.  
5.2. Now begin the task while recording the patient performing the task. The task should be performed for 30 minutes. The sampling rate of the robotic arm system should be 1 KHz, and that of the SEEG recording system 2 KHz.   
5.2.1. MED over the shoulder: talent begins recording in the software as the subject can be seen (if possible) in the background performing the task. 
5.2.2. MED: show the subject using the robotic arm to perform the task – if possible, we can see EEG recordings on the computer screen  during the task.
5.3. After the acquisition session, analyze the data by first de-identifying the recorded SEEG data to ensure that the patient’s information remains confidential and that data is submitted anonymously.
5.3.1. MED:  talent sits at another computer used for analysis. (likely new location)
5.3.2. MED over the shoulder: talent performing steps to de-identify the patients data. Still Shot (51947_Johnson_Figure_DeIdentify1,2.tif)
5.4. Then, obtain the coordinates of the electrode locations from the post-operative CT and pre-operative MRI. Align the neurophysiological recordings with the digital timestamps of interests from the behavioral task.  Finally, apply signal analysis methods to analyze the event dependent brain activity modulation.  
5.4.1. MED over the shoulder: talent views the post-operative CT and pre-operative MRI to obtain the coordinates of the electrode locations. Still Shot (51947_Johnson_Figure_ElectrodeLocations1,2.tif)
5.4.2. MED over the shoulder: talent aligns the neurophysiological recordings with the digital timestamps of interests from the behavioral task.
5.4.3. MED over the shoulder: talent uses software to perform signal analysis to analyze the event dependent brain activity modulation.  
6. Results: Power spectrum of activity during the war task.
(Note, section edited for length. edited to 200 words or less. )
6.1. Here we can see a power spectrum of activity relative to three different epochs in the War Task. (TEXT ON SCREEN: x-axis: time relative to epoch, y-axis: frequency and color represents z-score relative to baseline).The first row depicts the activity of the inferior frontal gyrus and the second row depicts the activity of the visual cortex. 
6.1.1. LAB MEDIA: Figure 1.  TEXT appears with first sentence: x-axis: time relative to epoch, y-axis: frequency and color represents z-score relative to baseline.  Then, when “first row” is spoken, the top row is indicated, (note, also LAB MEDIA: 51947_Johnson_Figure2.tif), when “second row” is spoken, the bottom row is indicated (note, also LAB MEDIA: 51947_Johnson_Figure3.tif). 

6.2. The time zeros of the graphs in each column represents the appearance of bet options (left column), the appearance of positive reward (middle column), and the appearance of negative reward (right column).  

6.2.1. LAB MEDIA: Figure 1.  When “bet options’ is spoken, the left column is indicated,  when ‘ reward is spoken’, the middle column is indicated , and when ‘appearance of negative reward’ is spoken, the right column is indicated. 
6.3. When the subject makes a bet, the inferior frontal gyrus does not significantly change its activity.  In contrast, the associative visual cortex has a significant change in the 60 to 100 Hz frequency range starting approximately 125 milliseconds after the instruction.

6.3.1. LAB MEDIA: 51947_Johnson_Figure4.tif.  when “associative visual cortex” is spoken, the red area in the bottom square in indicated.  
6.4. When the subject wins a hand, there is a significant narrow-band modulation in the 40-50 Hz frequency band in the inferior frontal cortex after about 250 milliseconds.  Again, the associative visual cortex has a significant change in the 60 to 100 Hz frequency range starting approximately 125 milliseconds after instruction. 
6.4.1. LAB MEDIA: 51947_Johnson_Figure5.tif.  (we should add text:  ‘Inferior Frontal Gyrus over the top image and ‘Visual Cortex’ over bottom image as it is in figure 4) when “significant narrow-band “ is spoken, the res area in the upper square in indicated, then when “associative visual cortex” is spoken, the red area in the bottom square in indicated.
6.5. Here, the subject has lost the hand.  Unlike the win hand, the inferior frontal cortex does not respond, while the associative visual cortex once again has a significant change.  
6.5.1.  LAB MEDIA: 51947_Johnson_Figure6.tif. (we should add text:  ‘Inferior Frontal Gyrus over the top image and ‘Visual Cortex’ over bottom image as it is in figure 4) when associative visual cortex” is spoken, the red area in the bottom square in indicated.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 
2. 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. 
2.1. Author name __Thompson______: Once mastered, this technique can be done in _1 hr, depending on how long you record your experiments for, ours are 20 minutes a piece, plus set up and break down___________.  (only one statement per author please)
2.2. Author name __Johnson______: While attempting this procedure, it’s important to maintain patient confidentiality, maintain the comfort for the patient, and to respect the patients’ wish if they ask to end their participation at any time.

2.3. Author name __Park______: Following this procedure, the data can be analyzed multiple methods to investigate the precise nature of brain communication, and thus this data can be used to test many different hypotheses.
2.4. Author name __Gale______: After its development, this technique paved the way for researchers in the fields of computational and behavioral neuroscience to explore how the brain is involved in decision-making, which will have far reaching implications regarding our understanding of cognitive mechanisms that underlie normal and pathophysiological behavior.
2.5. Author name __Thompson_______: After watching this video, you should have a good understanding of how to perform behavioral tasks in patients implanted with SEEG electrodes in the epilepsy monitoring unit. The task design can be modified to investigate many other modes of human behavior and disease.

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.  

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


