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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? No
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.6 mark spots; 2.7 long hair handling; 2.11 tACS electrode mounting; 2.14 EEG cap mounting
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.11- tACS electrode mounting
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 the interview statements prior to filming. Please note that some interview statements were edited as only 150 words are allowed in the introduction)


A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this protocol is to demonstrate how to successfully set up concurrent transcranial alternating current and EEG (pronounced E-E-G) with important technical considerations in order to acquire a successful recording. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Morishima: Transcranial alternating current stimulation, or tACS, is a method to experimentally control rhythmic activities in the brain and to study the causal association of these rhythmic activities with behavior.
1.2. Morishima: EEG offers high temporal resolution data for studying endogenous and entrained oscillatory neural activity. Simultaneous EEG recording during tACS can help answer key questions concerning the immediate neurophysiological effects of tACS.
1.3. Fehér: This in turn can help to further our understanding of the rhythmic dynamics of the brain as well as understanding the mechanisms and optimizing parameters of tACS for clinical neuromodulatory applications.
1.4. Fehér: This experimental protocol can also be adapted for other montages and cortical targets. 

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 by the ethics committee of Canton Bern (KEK-BE 007/14).
Protocol (read by voice talent at JoVE):

2. Preparation of tACS electrodes
2.1. Morishima: This video will demonstrate a montage with tACS electrodes placed on the shoulder and the scalp [2.1.1-MED-TXT].
2.1.1. Talent speaks toward camera, interview style; TEXT: See protocol for other montage examples.

(AUTHORS: Please memorize this interview statement prior to filming)
2.2. Begin by preparing the skin of the shoulder for the tACS (pronounced t-A-C-S) electrode by using a gauze pad and an abrasive skin gel [2.2.1-MED].
2.2.1. *Film as written
2.3. Apply electroencephalography, or EEG, gel with appropriate viscosity [2.3.1-CU-TXT] on the tACS electrode and place the electrode on the shoulder [2.3.2-CU]. Secure the electrode on the shoulder with adhesive tape [2.3.3-CU].
2.3.1. [added] Show close-up of an EEG gel jar, and talent stirring the EEG gel using a wooden tongue depressor; TEXT: See protocol for details on EEG gel viscosity
2.3.2. *Film as written
2.3.3. *Film as written
2.4. Next, put the EEG cap on the participant [2.4.1-MED]. Adjust the position of the cap according to the international 10-20 (pronounced ten-twenty) system for electrode positioning, and fasten the chinstrap [2.4.2-MED]. 
2.4.1. *Film as written
2.4.2. *Film as written
2.5. Use a water-based red pen, since insulating effects of the pen’s color material are reduced and it can be easily washed away with water, to mark a spot indicating where to position the tACS electrode on the scalp [2.5.1-CU]. 

2.5.1. *Film as written
2.6. Use a water-based red pen to mark a spot indicating where to position the tACS electrode on the scalp. If the pen does not reach the scalp, paint the tip of a wood stick and use this tip to mark the scalp [2.6.1-MED-over shoulder]. Remove the EEG cap and check if the marking was successful [2.6.2-MED]. Fill in the marking, if needed, so that it can be easily spotted later [2.6.3-CU].
2.6.1. *Film as written
2.6.2. *Film as written
2.6.3. *Film as written
2.7. Next, for participants with long hair, place the tACS electrode on the head [2.7.1-MED-TXT] with its center marked by the red spot on the scalp [2.7.2-CU]. Thread out all the hair inside the inner ring of the tACS electrode and bind the threaded out hair with cable binders [2.7.3-MED]. 

2.7.1. *Film as written; TEXT: Not applicable for participants with short hair (< 1 dm)
2.7.2. *Film as written

2.7.3. *Film as written
2.8. Ensure that the hair located around the tACS electrode does not get bound up by the cable binders [2.8.1-CU]. After the hair has been bound, remove the tACS electrode [2.8.2-MED].

2.8.1. Point to area around the tACS electrode. 
2.8.2. *Film as written
2.9. Next, connect the scalp and shoulder tACS electrodes to the stimulator, but do not turn it on [2.9.1-MED]. Apply a thin layer of EEG gel onto the tACS electrode [2.9.2-CU] and carefully place it back on the head. If the participant has longer hair, thread the bound hair back through the inner hole of the tACS electrode, without letting the hair touch the EEG gel [2.9.3-MED]. Ensure that the red mark on the scalp is in the middle of the tACS electrode, as the position may no longer be changed once placed [2.9.4-CU]. Then, remove the cable binders from the hair [2.9.5-CU].
2.9.1. *Film as written
2.9.2. [added] *Film as written
2.9.3. *Film as written
2.9.4. *Film as written
2.9.5. [added] *Film as written
2.10. If the participant has longer hair, thread the bound hair back through the inner hole of the tACS electrode, without letting the hair touch the EEG gel [2.10.1-MED]. Then, remove the cable binders from the hair [2.10.2-MED].
2.10.1. *Film as written
2.10.2. *Film as written
2.11. Now, turn on the stimulator and monitor the impedance [2.11.1-MED-over shoulder].  While carefully putting some pressure on the tACS electrode [2.11.2-MED CU], pay very close attention that the red marking spot is always kept in the middle of the tACS electrode [2.11.3-CU]. 

2.11.1. Talent turns on the stimulator. Show impedance levels. Use take 2
2.11.2. *Film as written
2.11.3. *Film as written
2.12. Carefully lift the edges of the tACS electrode and apply some more EEG gel beneath the hair [2.12.1-ECU-TXT}. 

2.12.1. *Film as written; TEXT: Do not apply gel between tACS electrode and hair
2.13. Continue putting pressure on the tACS electrode until impedance is stably below 10 kilohms [2.13.1-MED-TXT]. [2.13.2-MED].  Pay attention to any gel escaping from the tACS electrode, and remove excess EEG gel with a cotton swab [2.13.3-CU].
2.13.1. Talent puts pressure on tACS electrode. Show impedance level below 10 kilohms. TEXT: Optimal tACS electrode impedance: < 10 kilohms Use 2.11.1 take 1
2.13.2. *Film as written
2.13.3. *Film as written
2.14. Once impedance is below the threshold of 10 kilohms [2.14.1-CU], gently mount the EEG cap again and fasten the strap [2.14.2-MED].
2.14.1. Show the impedance monitor. Re-use 2.11.1 take 1
2.14.2. *Film as written
3. Preparation of EEG electrodes
3.1. Apply EEG gel with appropriate viscosity to the EEG electrodes to create contact between the scalp and EEG electrodes [3.1.1-MED-TXT]. Begin with the ground and reference EEG electrodes, and then proceed to the electrodes located in the middle and near the tACS electrode [3.1.2-CU]. Then, continue with the remaining electrodes [3.1.3-MED].

3.1.1. *Film as written. TEXT: See protocol for details on EEG gel viscosity

3.1.2. *Film as written
3.1.3. *Film as written
3.2. For EEG electrodes surrounding the tACS electrode, inject gel with the needle tip pointing in a direction away from the tACS electrode [3.2.1-CU-TXT]. Gently push down the EEG electrodes while applying gel, so that gel does not escape from beneath the electrodes [3.2.2-MED CU]. 
3.2.1. *Film as written. TEXT: Point the needle tip away from electrode. Paper indicates location of electrode under the cap.
3.2.2. *Film as written
3.3. Use a wooden stick to increase the contact between the EEG electrodes and the scalp [3.3.1-MED-TXT]. 
3.3.1. *Film as written. TEXT: Do not use the needle tip
3.4. To increase the contact between the EEG electrodes and the scalp, push down the gel with the wooden stick towards the scalp, and gently rub the scalp with the top of the stick in a rotating motion [3.4.1-CU-TXT].  Keep the angle of the stick orthogonal to the scalp for electrodes located in a close vicinity of the tACS electrode, as sideways movements of the stick will spread out the gel under the electrode [3.4.2-MED].
3.4.1. *Film as written. TEXT: Do not use the needle tip
3.4.2. *Film as written.
3.5. To avoid bridging via leaking gel, use the wooden stick to lower the impedance of the EEG electrodes that are in the immediate vicinity of the tACS electrode as much as possible [3.5.1-MED-over shoulder]. If necessary, apply sparse amounts of gel to lower the impedance of the EEG electrodes [3.5.2-MED CU].
3.5.1. Point to EEG electrodes near the tACS electrode.
3.5.2. *Film as written.
3.6. Once optimal impedance has been achieved, carefully insert the needle until it touches the scalp and apply gel while pulling the needle out to help stabilize the contact between the EEG electrode and the scalp [3.6.1-MED-TXT], [3.6.2-CU].
3.6.1. Talent exchanges wooden stick for needle. TEXT: Optimal EEG electrode impedance: < 5 kilohms
3.6.2. *Film as written.
3.7. Next, test for bridging between the tACS electrode and surrounding EEG electrodes due to leaking gel by applying a brief stimulation [3.7.1-MED-TXT] and checking whether any channel of the EEG amplifier is saturated [3.7.2-MED]. 
3.7.1. *Film as written. TEXT: Stimulation intensity of 1 mA peak-to-peak
3.7.2. Show EEG amplifier. 
3.8. Finally, check impedances once more, and then begin recording [3.8.2-MED-over shoulder] [3.8.1-MED].
Switch order
3.8.1. Show subject in the EEG recording cabin.
3.8.2. Show impedance levels on the EEG monitor, then talent begins recording on computer.
4. Results: Bridging during concurrent tACS and EEG saturates EEG channels
4.1. This protocol explains how to successfully set up a concurrent tACS and EEG experiment and avoid bridging via leaking of EEG gel as well as large tACS artifacts [4.1.1-LM]
4.1.1. Figure1.tif: Show A-D one at a time.

4.2. If bridging between the tACS and EEG electrodes occurs, the recorded EEG signal will become saturated as seen here [4.2.1-LM], as opposed to a successfully recorded signal [4.2.2-LM].
4.2.1. Figure5 Screenshot1.tif (part A) – highlight the high amplitude box-like trace. 

4.2.2. Figure5 Screenshot2.tif (part B) – highlight the trace across P3. 
We will provide new screenshot figures to be shown here instead of the initial figure (Figure5) that we provided.





5. Conclusion (said by authors on camera)

5.1. Morishima: Concurrent tACS-EEG recording is a technically challenging method. After watching this video, you should now have a better understanding of how to successfully set up this type of experiment to study neurophysiological mechanisms of tACS.
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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