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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
4.5., 4.7., 4.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success?
3.2., 3.4. The preparation of the study participant is key to recording high-quality stable EEG data. This is not so much difficult as a matter of practice and “putting all the steps together” in a consistently repeatable way.
5. Will the filming need to take place in multiple locations? N, different buildings same campus


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length (30 words maximum) and clarity.

1.1. Ulf Ziemann: This method combines EEG and TMS for real-time brain-state dependent brain stimulation and enables the TMS pulses to be synchronized within a specific phase of natural ongoing brain oscillations [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Marianna Stefanou: Brain stimulation is a technique for modulating the brain. By synchronizing individual TMS pulses with a specific EEG-defined brain state, the effect of the stimulation can be optimized [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Ulf Ziemann: Standard TMS is already used to treat neuropsychiatric diseases such as depression and stroke. EEG-synchronized TMS has the potential to improve treatment outcomes using personalized stimulation protocols [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Christoph Zrenner: We can investigate the basic neurophysiology of different brain oscillations with EEG-synchronized TMS in humans by comparing the effects of stimuli that are identical but synchronized to different EEG-states [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.5. Christoph Zrenner: The effects can be subtle and are easily washed out. A low stimulus intensity works best for observing fluctuations in the corticospinal excitability with the sensorimotor rhythm [1].

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving human subjects have been approved by the Institutional Ethic Committee of the University of Tübingen and the University Hospital of Tübingen. 


Section - Protocol
2. Equipment Setup
2.1. To conduct a closed-loop experiment, brain activity is recorded through EEG potentials from the scalp surface that are digitized by an EEG amplifier [1-TXT]. The signal then passes to the EEG main unit [2], and from there to the real-time device, which controls the stimulator, thereby closing the signal loop between measuring and modulating brain activity [3]. 
2.1.1. WIDE: Talent adjusting EEG amplifier position near EEG main unit TEXT: EEG: electroencephalography (Editor: The authors have made a note that they’d like to have the components labeled in the wide shot, as this would explain things more clearly to the viewer. They provided the following “BRAIN-EEGAMP-EEGMAINUNIT-REALTIMEDEVICE-TMSDEVICE-TMSCOIL-BRAIN”. However, I’m not sure how to interpret this or how it would connect with what’s shown on screen, so they may need to provide additional information)
2.1.2. MED: Talent connecting amplifier and main unit 
2.1.3. CU: Shot of real-time device
2.2. The real-time device analyses the EEG-oscillations and sends a trigger signal to the TMS stimulator [1-TXT] when a pre-determined trigger-condition is met to pass a brief current pulse through the TMS coil that is placed on the head [2]. 
2.2.1. CU: Shot of TMS stimulator TEXT: TMS: transcranial magnetic stimulation
2.2.2. CU: Shot of TMS coil
2.3. During the experiment, the position of the coil on the head will be monitored with a neuronavigation device [2].
2.4. CU: Shot of neuronavigation device
2.5. Connect the real-time output of the EEG system to the real-time device input [1] and connect the output of the real-time device to the trigger input of the TMS stimulator [2].
2.5.1. MED: Marianna Stefanou connecting EEG system to real-time processor
2.5.2. MED: Marianna Stefanou connecting real-time processor to TMS stimulator
2.6. Register the Study Participant in the system [1], making sure that the protocol matches the layout of the EEG cap and that the relevant channels are sent to the real-time output [2].
2.6.1. MED-over the shoulder: Talent at computer, registering Subject, with monitor visible in frame 
2.6.2. SCREEN: To be provided by Authors: EEG software, scrolling through recording protocol, then scrolling through real-time digital out
2.7. On the computer controlling the real-time device, load the software to control the real-time device [1] and ensure that the real-time input channels match the configuration of the EEG system [2]. 
2.7.1. MED-over the shoulder: Talent at computer, connecting to real-time device, with monitor visible in frame 
2.7.2. SCREEN: To be provided by Authors: Control software, checking input channels.
2.8. Then turn on the TMS stimulator [1] and set the configuration to external triggering [2].
2.8.1. MED: Talent turning on TMS stimulator
2.8.2. MED-over the shoulder: Marianna Stefanou at stimulator, selecting external trigger setting, with monitor visible in frame
2.9. To monitor the coil position and to achieve an accurate and consistent TMS targeting within and across sessions [1], load the individual structural MRI data into the navigation system software prior to starting the experiment for each Participant [2].
2.9.1. MED-over the shoulder: Marianna Stefanou at neuronavigation device, opening software
2.9.2. SCREEN: To be provided by Authors: MRI data being loaded into software 
2.10. Then attach a coil tracker to the stimulation coil [1] and calibrate the coil [2].
2.10.1. MED: Attaching coil tracker to TMS coil
2.10.2. MED: Coil being calibrated with a calibration plate
3. Study Participant Preparation
3.1. When the system is ready, place an appropriately-sized EEG cap on the head of the Study Participant [1] and use measuring tape to position the cap correctly [2].
3.1.1. WIDE: Marianna Stefanou placing cap onto Subject’s head
3.1.2. CU: Cap being positioned, using measuring tape
3.2. Push the hair aside so that the scalp is visible [1] and prepare the scalp with an abrasive gel application [2].
3.2.1. CU: Hair being pushed aside/shot of scalp 
3.2.2. CU: Abrasive gel being applied Videographer: Difficult step
3.3. Next, apply conductive gel to the electrodes [1] and check that the EEG electrode impedances are below 5 kiloohms [2].
3.3.1. CU: Application of conductive gel to multiple electrodes
3.3.2. CU: Shot of impedances below 5 kiloohms
3.4. Cover the EEG cap with plastic wrap [1] and fit a mesh cap above the plastic wrap to keep the cables in a fixed position to reduce the EEG artifact variability [2].
3.4.1. CU: Cap being covered with plastic wrap
3.4.2. CU: Mesh cap being placed Videographer: Difficult step
3.5. Then apply adhesive tape to increase the stability of the multiple layers [1] and tape a reflective head tracker to the Subject’s head to ensure stability throughout the experiment [2].
3.5.1. CU: Mesh cap being taped
3.5.2. CU: Tracker being taped Videographer: Difficult step
3.6. Attach the surface EMG (E-M-G) electrodes to the cleaned and abraded target muscles [1-TXT] and visually inspect the ongoing EEG and EMG signals for bad electrodes [2]. 
3.6.1. CU: Electrode being placed TEXT: EMG: electromyography
3.6.2. SCREEN: To be provided by Authors: Shot of EEG and EMG signals
3.7. Keep the bipolar EMG cables close together [1] and close to the body of the Study Participant to reduce line noise pick-up [2].
3.7.1. CU: Shot of EMG cables close together
3.7.2. MED: Shot of cables close to participant body
3.8. Then use the pointer tool to co-register the head model with the relevant anatomical landmarks [1] and pinpoint the EEG sensor locations to enable the subsequent estimation of the individual sources of the EEG activity [2].
3.8.1. MED: Talent using pointer tool to co-register head model
3.8.2. MED: Talent Pin-pointing EEG sensor locations, with monitor visible in frame
4. Real-Time EEG-Synchronized TMS Experiment 
4.1. To perform a real-time EEG-synchronized TMS experiment, first determine the exact location of where the TMS of the motor cortex evokes the strongest motor response from the hand muscles [1][2].
4.1.1. WIDE: Christoph Zrenner repeatedly stimulating left motor cortex of study participant and evoking motor responses of hand Videographer: Use 4.1.2. as inset in 4.1.1.
4.1.2. CU: Hand response Videographer: Use 4.1.2. as inset in 4.1.1.
4.2. Then mark this “hotspot” and coil position in the neuronavigation software [1].
4.2.1. SCREEN: To be provided by Authors: Coil position being saved in neuronavigation system 
4.3. Next, fix the head of the Subject with a vacuum pillow [1] and fix the coil in the hotspot location with a mechanical arm [2].
4.3.1. MED: Marianna Stefanou and Christoph Zrenner extracting air from vacuum pillow
4.3.2. MED: Christoph Zrenner fixes the coil in place, with the neuronavigation screen visible.
4.4. To determine the threshold stimulation intensity, gradually adjust the stimulation intensity until 50% of the TMS pulses result in a motor response [1]. Here the intensity has been set to 110% of the threshold intensity. [2]
4.4.1. MED: Subject in chair, being stimulated, with evoked responses visible on EEG system computer while the intensity is being adjusted on the TMS stimulator 
4.4.2. CU: Setting the intensity on TMS stimulator 
4.5. To configure the real-time system to combine multiple EEG channels to extract a specific oscillation [1], use a 5-channel Laplacian spatial filter centered on electrode C3 to extract sensorimotor rhythm [2].
4.5.1. MED: Marianna Stefanou sitting in front of real-time control computer typing Videographer: Important step
4.5.2. SCREEN: To be provided by Authors: Setting C3 Laplacian spatial filter
4.6. To trigger TMS at either the positive or negative peak of this oscillation, set the phase trigger condition to phase zero or phase pi randomly for each trial before arming the real-time device and setting the sequence to be repeated on a loop every 2 seconds [1].
4.6.1. SCREEN: To be provided by Authors: Phase trigger being set, real-time device being armed, sequence being set to loop
4.7. [bookmark: _GoBack][1] [2].
4.7.1. MED: Marianna Stefanou sitting by real-time control computer Videographer: Important step
4.7.2. CU: Amplitude threshold slider being adjusted. Videographer: Important step
4.8. Then run the experiment for about 10 minutes to acquire a sufficient number of trials to differentiate phase-specific stimulation effects [1]. 
4.8.1. MED: Shot of study participant being stimulated with neuronavigation Videographer: Important step
4.9. During the experiment, the coil position will be monitored on the neuronavigation system [1] and the EEG and EMG signals will be monitored on the EEG system [2].
4.9.1. SCREEN: To be provided by Authors: Coil system being monitored in neuronavigation system
4.9.2. SCREEN: To be provided by Authors: EEG/EMG signals being monitored in EEG system
4.10. The raw data, as well as pre-stimulus EEG and the post-stimulus muscle response for each condition, are also displayed on the EEG system [1].
4.10.1. SCREEN: To be provided by Authors: Shot of raw data and pre- and post-stimulus muscle response data
4.11. The real-time device will perform spatial filtering to target the brain region of interest and band-pass filtering to isolate the oscillation of interest, estimating the instantaneous amplitude and phase using autoregressive forward-prediction and the Hilbert transform [1].
4.11.1. SCREEN: To be provided by Authors: Shot of spatial filtering, shot of band-pass filtering, then amplitude and phase being estimated
4.12. This signal is then compared to the trigger condition [1]. If the power threshold and phase conditions are met, the stimulator is triggered [2].
4.12.1. SCREEN: To be provided by Authors: Signal being compared to trigger condition
4.12.2. CU: Stimulator being triggered
4.13. Using the displayed online running averages, the accuracy of the phase targeting and the effect of phase on muscle response can be estimated during the experiment [1].
4.13.1. SCREEN: To be provided by Authors: Shot of online running averages
4.13.2. 

Section – Results
5. Results: Representative Real-Time EEG-Triggered TMS Pulse Response Analyses 

5.1. In these figures, an average pre-stimulus EEG signal in the 400 milliseconds before the TMS pulse for three pre-defined conditions [1] and average elicited motor-evoked potentials recorded from the right-hand muscles are shown [2].

5.1.1. LAB MEDIA: Figure 2A: JoVE Video Editor please sequentially emphasize blue, orange, and yellow data lines
5.1.2. LAB MEDIA: Figure 2B: JoVE Video Editor please sequentially emphasize blue, orange, and yellow data lines

5.2. Taken together, these results demonstrate that the negative EEG deflection of the micro-rhythm corresponds to a higher cortical excitability state [1], leading to larger motor-evoked potential amplitudes, compared to the positive EEG deflection [2], with a low inter-trial variability of the noted corticospinal excitability effects [3].

5.2.1. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize blue data line/peaks
5.2.2. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize orange data line/peaks
5.2.3. LAB MEDIA: Figure 2C




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length (30 words maximum) and clarity.
6.1. Marianna Stefanou: We need a stable and clean EEG signal. The key is a well-prepared study participant, who should be relaxed, comfortable, and able to sit still [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Christoph Zrenner: This is a “plug and play” method to test whether large-scale network connectivity states have causal effects in perturbation-based experiments. Looking at one localized oscillation is just the first step [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Ulf Ziemann: We have been able to use findings from this technique to show that repetitive stimulation at the negative peak results in long-term potentiation-like plasticity [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.4. Ulf Ziemann: TMS is a safe and painless procedure. A very rare side-effect is an epileptic seizure in vulnerable persons and occasionally mild temporary head and shoulder pain can occur [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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