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29 SUMMARY:
30 We present two analytical protocols that can be used to analyze intracranial
31 electroencephalography data using the Statistical Parametric Mapping (SPM) software: time—
32  frequency statistical parametric mapping analysis for neural activity, and dynamic causal
33  modeling of induced responses for intra- and inter-regional connectivity.
34
35 ABSTRACT
36 Measuring neural activity and connectivity associated with cognitive functions at high spatial
37 andtemporal resolutions is an important goal in cognitive neuroscience. Intracranial
38 electroencephalography (EEG) can directly record electrical neural activity and has the unique
39 potential to accomplish this goal. Traditionally, averaging analysis has been applied to analyze
40 intracranial EEG data; however, several new techniques are available for depicting neural
41  activity and intra- and inter-regional connectivity. Here, we introduce two analytical protocols
42  we recently applied to analyze intracranial EEG data using the Statistical Parametric Mapping
43  (SPM) software: time—frequency SPM analysis for neural activity and dynamic causal modeling
44  of induced responses for intra- and inter-regional connectivity. We report our analysis of
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intracranial EEG data during the observation of faces as representative results. The results
revealed that the inferior occipital gyrus (I0G) showed gamma-band activity at very early stages
(110 ms) in response to faces, and both the I0G and amygdala showed rapid intra- and inter-
regional connectivity using various types of oscillations. These analytical protocols have the
potential to identify the neural mechanisms underlying cognitive functions with high spatial and
temporal profiles.

INTRODUCTION

Measuring neural activity and connectivity associated with cognitive functions at high spatial
and temporal resolutions is one of the primary goals of cognitive neuroscience. However,
accomplishing this goal is not easy. One popular method used to record neural activity is
functional magnetic resonance imaging (MRI). Although functional MRI offers several
advantages, such as a high spatial resolution at the millimeter level and non-invasive recording,
a clear disadvantage of functional MRl is its low temporal resolution. In addition, functional MRI
measures blood-oxygen-level-dependent signals, which only indirectly reflect electric neural
activity. Popular electrophysiological methods, including electroencephalography (EEG) and
magnetoencephalography (MEG), have high temporal resolutions at the millisecond level.
However, they have relatively low spatial resolutions, because they record electric/magnetic
signals at the scalp and must solve difficult inverse problems to depict brain activity.

Intracranial EEG can directly record electrical neural activity at high temporal (millisecond) and
spatial (centimeter) resolutions?. This measure can provide valuable opportunities to
understand neural activity and connectivity, although it has clear limitations (e.g., measurable
regions are restricted to clinical criteria). Several intracranial EEG studies have applied
traditional averaging analysis to depict neural activity. Although averaging analysis can
sensitively detect time-locked and low-frequency band activation, it cannot detect non-phase-
locked and/or high-frequency (e.g., gamma band) activation. In addition, functional neural
coupling has not been analyzed in depth in the literature on intracranial EEG recordings. Several
new techniques have been recently developed to depict neural activity and intra- and inter-
regional connectivity in functional MRl and EEG/MEG recordings, which can be applied to
analyze intracranial EEG data.

Here, we introduce analytical protocols that we have recently applied to analyze intracranial
EEG data using the Statistical Parametric Mapping (SPM) software. First, to reveal when, and at
which frequency, the brain regions could be activated, we performed time—frequency SPM
analysis?. This analysis decomposes the time and frequency domains simultaneously using a
continuous wavelet transform and appropriately corrects the family-wise error (FWE) rate in
the time—frequency maps using the random field theory. Second, to reveal how brain regions
communicate, we applied dynamic causal modeling (DCM) of induced responses*. DCM enables
the investigation of effective connectivity (i.e., the causal and directional influences among
brain regions®). Although DCM was originally proposed as a tool for analyzing functional MRI
data>, DCM of induced responses has been extended to analyze the time-varying power spectra
of electrophysiological signals®. This analysis allows the depiction of both intra- and inter-
regional neural connectivity. Several neurophysiological studies have suggested that local intra-
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regional computations and long-range inter-regional communication mainly use gamma- and
theta-band oscillations, respectively, and their interactions (e.g., entrainments) can be reflected
by theta—gamma cross-frequency coupling®®=2. This report focuses on the data analytical
protocol; for an overview of background information®1° and recording protocols!! of
intracranial EEG, please refer to the literature.

PROTOCOL:

Our study was approved by the local institutional ethics committee.

1. Basic Information

Note: The analytical protocols can be applied to various types of data without any restrictions
as to specific participants, electrodes, reference methods, or electrode locations. In our
example, we tested six patients suffering from pharmacologically intractable focal epilepsy. We
tested patients who had no epileptic foci in the regions of interest.

1.1. Record intracranial EEG data during the cognitive experiment at the target electrodes.

1.1.1. Implant depth electrodes using the stereotactic method??.

1.1.2. Use subdural platinum electrodes (diameter: 2.3 mm) and depth platinum electrodes
(diameter: 0.8 mm) to simultaneously measure cortical and subcortical activity, respectively.

1.1.3. Place reference electrodes on the surface of the skull of the midline dorsal frontal
region, with the contacts of the electrodes facing away from the skull to avoid referential
activation®?.

1.1.4. Amplify data, filter online (band pass: 0.5—-300 Hz), and sample at 1000 Hz.

1.1.5. To record and statistically remove artifacts associated with eye movements, additionally
record electrooculograms. Select the target electrodes based on theoretical interests. In
addition, use individual MRI and computed tomography data to check the electrode locations.

1.2.  Sample and preprocess trial intracranial EEG data (Figure 1).

Note: The analytical protocols can be applied to various types of data without any restriction to
specific data-length or preprocessing methods.

1.2.1. Here, sample data during 3000 ms (pre-stimulus: 1000 ms; post-stimulus: 2000 ms) for
each trial.

1.2.2. Because participants here showed abnormally high amplitude activity in some trials,
possibly related to epilepsy, exclude these outlier trials using predefined thresholds (> 800 pV
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and > 5 SD). Other preprocessing steps, including visual inspection and independent component
analysis, may be required depending on the experimental objectives and conditions.

2. Time-Frequency SPM Analysis

2.1.  Set up SPM12 (http://www.fil.ion.ucl.ac.uk/spm/) and use the M/EEG analytical menu?®?
(Figure 2).

2.2.  Perform the time—frequency SPM analysis? by selecting Time—frequency analysis in the
SPM menu for the preprocessed intracranial EEG data of each trial using continuous wavelet
decomposition with Morlet wavelets based on predefined parameters (Figure 3).

Note: Wavelet transforms reveal the temporal evolution of spectral components by convolving
intracranial EEG data with wavelets of multiple frequencies®®.

2.2.1. Here, conduct wavelet decomposition using seven-cycle Morlet wavelets for the entire
epoch (-1000-2000 ms) and frequency range of 4—-300 Hz.

2.2.2. Determine the mother wavelet and number of cycles based on a previous study*>. Note
that the number of cycles in the wavelet controls the time—frequency resolutions and is
recommended to be greater than 5 to ensure estimation stability3.

2.2.3. Determine time and frequency ranges based on the research interest.

2.3.  Crop the resultant time—frequency maps automatically by selecting Crop in the SPM
menu to remove edge effects. Here, crop the time—frequency maps into -200-500 ms.

2.4. Perform the data transformation (optional) and baseline correction by selecting Time-
frequency rescale in the SPM menu for the time—frequency maps to visualize the event-related
power changes better and improve the normality of the data.

Note: Here, the time—frequency maps were log-transformed and baseline (-200—0 ms)-
corrected.

2.5.  Convert the time—frequency maps into two-dimensional (2D) images by selecting
Convert2images in the SPM menu.

2.5.1. Smooth using a Gaussian kernel with a predefined full-width half-maximum (FWHM)
value to compensate for inter-subject variability and conform to the assumptions of the
random field theory used in the statistical inference®*3.

Note: Here, the time—frequency maps were smoothed with a Gaussian kernel of FWHM of 96
ms in the time domain and 12 Hz in the frequency domain based on a previous study?.
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2.6. Enter the 2D images into the general linear model by selecting Specify 1st-level in the
SPM menu.

2.7.  Estimate the general linear model by selecting Model estimation in the SPM menu.

2.8.  Perform statistical inferences on the time—frequency SPM{T} data based on the random
field theory? by selecting Results in the SPM menu. Detect significantly activated time—
frequency clusters with predefined thresholds (possibly corrected for multiple comparisons).

Note: Here, the extent threshold of p < 0.05, which was FWE-corrected for multiple
comparisons, with a height threshold of p < 0.001 (uncorrected) was used.

3. DCM of Induced Responses

3.1.  Set up SPM12 (http://www.fil.ion.ucl.ac.uk/spm/) and use the M/EEG analytical menu®?
(Figure 4).

3.1.1. Start DCM analysis by clicking DCM button in the SPM menu. Activate DCM for induced
responses by selecting IND in the list box. Import the preprocessed intracranial EEG data by
clicking new data in the DCM for M/EEG menu.

3.2. Specify time window of interest, conditions of interest, contrasts for the selected
conditions (this define the modulation inputs later used in network specification), frequency
window of interest, and the number of the wavelet cycles in the DCM for M/EEG menu (Figure
5).

3.2.1. Use five-cycle Morlet wavelets (4-100 Hz in 1-Hz steps) and set the time window to 1-
500 ms.

3.2.2. Determine the wavelet cycle in accordance with the default setting. Note that the
software recommendation is the value greater than 5 to ensure estimation stability*3. The
time—frequency ranges were determined based on our research interest. Note that a time
window with an additional + 512 ms was automatically used during computation to remove
edge effects.

3.3. Based on the DCM framework*>, define the (1) driving inputs, which represent the
sensory inputs on neural states; (2) intrinsic connections, which embody the baseline
connectivity among neural states and self-connections; and (3) modulatory effects on intrinsic
connections via experimental manipulations for null and hypothesized models. Also define the
type of modulation as linear (within-frequency) or nonlinear (between-frequency).

3.3.1. Specify intrinsic (linear and nonlinear) connections, driving inputs, and modulation
inputs in the DCM for M/EEG menu. Select Frequency models in the list box to save frequency—
frequency modulatory coupling parameter images.
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3.3.2. Modify the default settings of some related parameters (e.g., prior stimulus onset time
and duration) if necessary. Estimate the models by selecting invert DCM in the DCM for M/EEG
menu.

3.4. Conduct a random-effects Bayesian model selection (BMS) analysis!’ by clicking BMS in
the DCM for M/EEG menu to identify the optimal network model. Use the model expected
probabilities and/or exceedance probabilities as evaluation measures.

3.5. Make inferences regarding the cross-frequency patterns of the modulatory connections
using the winning model parameters by using the SPM menu (see Step 2).

3.5.1. Smooth the modulatory coupling parameter images by selecting Convert2lmages in the
SPM menu.

3.5.2. Perform general linear model analyses by selecting Specify 1st-level in the SPM menu.
3.5.3. Calculate the 2D SPM{T} values by selecting Results in the SPM menu.

Note: Here, the FWHM was set at 8 Hz based on a previous study®. Significant values were
exploratorily identified using a height threshold of p < 0.05 (uncorrected).

REPRESENTATIVE RESULTS

Using the protocol presented herein, we analyzed intracranial EEG data in response to
faces!®1%, We recorded data from six patients during the passive viewing of faces, mosaics, and
houses in upright and inverted orientations. The contrasts of upright faces versus upright
mosaics and upright faces versus upright houses revealed the face effect (i.e., face-specific
brain activity relative to other objects). The contrast of upright faces versus inverted faces
revealed the face-inversion effect (i.e., face-specific visual processing possibly related to
configural/holistic processing??). As the target region for the time—frequency analysis and
phase—amplitude cross-frequency coupling, we selected the right inferior occipital gyrus (10G)
based on previous neuropsychological?! and neuroimaging?? findings. For DCM, we tested the
model in which the I0G and amygdala constitute a functional network during face processing
based on previous anatomical evidence?3.

Time—frequency analysis

Time—frequency analyses were conducted to investigate the temporal and frequency profiles of
I0G activity during the processing of faces. Time—frequency maps were converted into 2D
images and entered into the general linear model with the factors of stimulus type (face, house,
and mosaic) and orientation (upright and inverted). Significant responses were identified using
an FWE-corrected extent threshold of p < 0.05 with a height threshold of p < 0.001
(uncorrected). The contrasts testing the face effect (upright face vs. upright mosaic)
consistently revealed significant rapid (110-500 ms) gamma-band activity (Figure 6a). The



264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
2901
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

contrasts testing the face-inversion effect (upright face vs. inverted face) revealed significant
gamma band activity at a later period (195-500 ms).

DCM of induced responses

DCM of induced responses was applied to test the functional network models of the I0G and
amygdala. For both the face and face-inversion effects, the exceedance probabilities of the
random-effects Bayesian model selection indicated that the model with intra-regional
modulatory connectivity in both regions and bidirectional inter-regional modulatory
connectivity was the most likely among all possible models (Figure 6b).

Next, we inspected the spectral profiles of the modulatory couplings in the best model.
Significant effects were assessed for the entire spectral range with a height threshold of p <
0.05 (uncorrected). Significant same- and cross-frequency modulatory couplings were observed
for both intra- and inter-regional connectivity of both the face and face-inversion effects (Figure
6¢). For example, as the intra-regional modulation of the face effect, the amygdala showed
negative gamma—gamma same- and beta—gamma cross-frequency couplings. Meanwhile, the
intra-I0G modulation showed a positive cross-frequency coupling in the theta/alpha/beta—
gamma band. In addition, as the inter-regional coupling of the face effect, the I0G—>amygdala
modulation revealed a profile in which the theta/alpha band in the |0G facilitated the gamma
band in the amygdala. For amygdala—>I0G modulation, the gamma band in the amygdala
inhibited the theta/alpha band and the same-frequency gamma band in the IOG. For the face-
inversion effect, similar amygdala—>10G modulation, in which the gamma band in the amygdala
inhibited the gamma band in the 10G, was observed. However, for |I0G—>amygdala modulation,
the theta/alpha—gamma association observed in the face effect was not evident.

FIGURE AND TABLE LEGENDS
Figure 1. lllustration of the generation of the trial intracranial electroencephalography data.

Figure 2. Graphic user interfaces of the Statistical Parametric Mapping (SPM) software for
time—frequency analyses. (1) SPM menu. (2) Time—frequency analysis. (3) Cropping. (4)
Baseline correction. (5) Conversion. (6) Statistical model. (7) Model estimation. (8) Statistical
inference.

Figure 3. Flowchart of the time—frequency analysis using the Statistical Parametric Mapping
(SPM) software. (a) Prepare the preprocessed intracranial electroencephalography (EEG) data
of each trial. (b) Conduct time—frequency (TF) decomposition for the EEG data using continuous
wavelet transform. (c) Crop, log-transform, and baseline correct for the TF maps. (d) Convert
the TF maps into two-dimensional (2D) images. (e) Enter the 2D images into the general linear
model. (f) Perform statistical inferences on the TF SPM{T} data.

Figure 4. Graphic user interfaces of the Statistical Parametric Mapping (SPM) software for
dynamic causal modeling (DCM) analyses. (1) SPM menu. (2) DCM menu. (3) Bayesian model
selection. (4) Smoothing. (5) Statistical model. (6) Model estimation. (7) Statistical inference.
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Figure 5. Flowchart of the dynamic causal modeling of induced responses. (a) Calculate the
time—frequency spectra for each trial of the targeted multiple electrodes (the inferior occipital
gyrus (I0G) and amygdala in our example) using continuous wavelet decomposition. Average
the spectral magnitudes of time-frequency responses to yield the induced response. Then,
define the driving input, intrinsic connections, and modulation of intrinsic connections by
experimental manipulations. Construct models to test hypotheses and estimate the models. (b)
Conduct a random-effects Bayesian model selection analysis to identify the optimal model. (c)
Convert the frequency—frequency modulatory coupling parameters into two-dimensional (2D)
images (with smoothing). Then, perform random-effects general linear model analyses and
calculate the 2D SPM({T} values.

Figure 6. Representative results. (a) Time—frequency maps of right inferior occipital gyrus (I0G)
activity for the upright face (FU; left) and upright mosaic (MU; middle) conditions. The SPM{T}
data for FU versus MU are also shown (right). (b) Functional network models in the 10G and
amygdala. Eight possible combinations of modulatory input by FU versus MU onto connections
between the I0G and amygdala and self-connection onto each region were investigated. (c)
Frequency—frequency modulatory coupling parameters and SPM{T} values for FU versus MU of
I0G—>amygdala and amygdala—>10G modulation are shown. The red—yellow and blue—cyan
blobs indicate significant positive/excitatory and negative/inhibitory connectivity, respectively.

DISCUSSION:

The analytical protocols for intracranial EEG data using the SPM software introduced herein
have several advantages compared with functional MRI. First, the protocols can depict neural
activation at a high temporal resolution. Therefore, the results indicate whether the cognitive
correlates of neural activation are implemented at early or late stages of processing. In our
example, the face effect was identified during the very early stages (i.e., 110 ms) of visual
processing. In addition, the comparison of the temporal profiles of neural activity related to
different psychological functions provide interesting implications. In particular, our example
revealed different activation times for the face and face-inversion effects, beginning at 115 ms
and 165 ms, respectively, in the 10G. Such rich temporal information can deepen our
understanding of neurocognitive mechanisms.

Furthermore, the protocols can depict intra- and inter-regional neural connectivity. Data from
other neuroscientific measures, such as hemodynamic signals and scalp-recorded
electromagnetic signals, contain a large amount of noise and require estimation based on
several assumptions to extract the original electric signals, which can distort the resultant
neural connectivity. Hence, the analysis of directly recorded electric signals is valuable. As an
illustration, although our results revealed functional coupling between the I0G and amygdala
during face processing, such coupling was not detected in a previous analysis of functional MRI
data?*. Understanding neural mechanisms requires the identification of causal relationships
among neural circuits, which requires temporal information of neural activation.

However, it is important to note that the optimal protocol used to record and analyze
intracranial EEG remains debated. For example, methodological studies have suggested that
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reference electrodes can pick up bodily physiological artifacts (e.g., eye movements and muscle
activity) and environmental noise, and the suitable position of reference electrodes for
intracranial EEG remains to be determined?>2, Several preprocessing methods (e.g., filtering
and non-linear transformations) to remove artifacts (e.g., epileptic activity) have been
proposed, although they are under debate?’. A study also reported that time—frequency
analyses using wavelet decomposition could blur the peaks in the original data?®, and
alternative analytical methods, such as the Hilbert—Huang transform, may offer better temporal
resolutions?®. The extraction of the high-frequency range may also be improved using such
methods®. It has been noted that cross-frequency coupling could be biased by sharp non-linear
transients and controlling for such confounding effects is needed3!-33, Several different
analytical methods have been proposed for the analysis of intra- and inter-regional coupling,
such as the phase-locking value'®, weighted phase lag index34, and Grander causality®®, and it
remains unclear which analyses and parameters (e.g., frequency) are the most relevant to
cognitive processing3. In some cases, intracranial EEG data may not satisfy parametric
assumptions and non-parametric analyses may be optimal3®. Recently, other analytical
protocols have been proposed?’; compared with other protocols, those based on the SPM
software may have the unique potential to provide a unified framework for the analysis of
various types of neuroscientific data3®. Researchers should pay close attention to advancements
in analytical protocols for intracranial EEG data.

In summary, we introduced analytical protocols that we recently applied to analyze intracranial
EEG data, which include time—frequency SPM analysis, cross-frequency coupling, and DCM of
induced responses. We believe these analytical protocols can identify neural correlates of
cognitive functions with high spatial and temporal profiles.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Analyzing neural activity and connectivity using intracranial EEG data

Author({s):

Usui, Motomi Teichi, and Yushi Incue

Wataru Sato, Takanor Kochivama, Shota Uone, Nactaka Usui, Akihike Kondo, Kazumi Matsuda, Keiko

ltem 1: The Author elects to have the Materials be made available {as described at

http://www jove.com/publish) via:
Standard Access

Item 2: Please select one of the following items:

|:| Open Access

The Author is NOT a United States government employee.

|:|The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

|:|The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of cther
contributions, constituting separate and independent
works inthemselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Mon Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http:// creativecommeons.org/licenses/by-ne-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
he recast, transformed, or adapted; “Institution” means
the institution, listed onthe last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corpoeration, a
Massachusetts corporation and the publisher of The lournal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s} made by the Author, alone or
in conjunction with any other parties, or by loVE or its
affiliates or agents, individually or in collaboration with the
Auther or any other parties, incorperating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the loVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of loVE
agreeing to publish the Article, the Author hereby grants to
loVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual {for the full term of copyright in the
Article, including any extensions thereto} license (a} to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed {including without limitation in print,
digital and electronic form} throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works {including, without limitation, the Video}
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in {a} above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and{c} to license others to do any
or all of the above. The foregoing rights may he exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such medifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, loVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC license.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to IoVE in Section 3 ahove, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the loVE
website is provided and notice of loVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” hox has been
checked in Hem 1 above or if no box has been checked in
Item 1 above. In consideration of loVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
helow, loVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
herehy disclaims all such rights and transfers all such rights
to JoWE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of loVE agreeing
to produce, display or otherwise assist with the Video, the
Author herehy grants to loVE, subject to Section 7 helow,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto}
license {(a} to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form} throughout
the world, (b} to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in {a} above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such medifications as are technically
necessary to exercise the rightsin other media and formats.
For any Video to which this Section 6 is applicable, loVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to loVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s} authorize
loVE to take steps in the Author{s} name and on their behalf
if loVE helieves some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants loVE the right to use the Author's name, voice,
likeness, picture, photograph, image, bhiography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, persenality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors cellectively} and has not
heen assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s} listed at the top of this Agreement are the only
authors of the Materials. If more than cne author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with loVE relating to the Materials, the Author
represents and warrants that the Author has been
autherized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/er medification of all or any
portion of the Materials deoes not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research invelving human and animal subjects
has been approved by the Author's relevant institutional
review hoard.

11. JoVE Discretion. If the Author requests the
assistance of loVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of loVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, loVE may, in its scle
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. loVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. loVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successeors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless loVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laberatory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
loVE, making of videos by loVE, or publication in JoVE or
elsewhere by loVE. The Author shall be responsible for, and
shall hold IoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by loVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall he sclely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include loVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and helding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of loVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
loWVE must receive payment hefore production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by loVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by loVE and shall inure to the henefits of any of
loVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall bhe
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:
Wataru Sato
Department:
Kokoro Research Center
Institution: i )
Kyoto University
Title: Dr
Signature: WW W Date: June 25, 2018

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe documentto +1.866.381.2236

3. Mailthe document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter

Click here to access/download;Rebuttal
Letter;Response180814.doc

Dear Professor Nguyen,

Thank you for asking us to revise our previously submitted
manuscript (JOVE58187R3). We have made careful revisions to the
manuscript based on the provided suggestions. Major changes to the
manuscript are shown in red text. A professional English-language
editing service made language-related changes, which are not
highlighted unless the content was altered. We hope that the revised
manuscript will be suitable for publication in Journal of Visualized

Experiments.

Editorial comments

Point 1

Please take this opportunity to thoroughly proofread the manuscript
to ensure that there are no spelling or grammar issues. The JoVE
editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.
Response

As suggested, we have had the manuscript professionally proofread.
For a certificate, please see:

http://www.textcheck.com/certificate/2bZ0ORR

Point 2

Please provide the GUI instructions in the written manuscript as well.
The script for the video is directly derived from the written protocol.
Response

As suggested, we have added the GUI instructions in the main text of

the revised manuscript.

I+


http://www.editorialmanager.com/jove/download.aspx?id=883292&guid=f24593de-ee2c-4d5f-9df7-43d137d1558f&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=883292&guid=f24593de-ee2c-4d5f-9df7-43d137d1558f&scheme=1

Point 3

Please add more details to your protocol steps. Please ensure you
answer the “how” question, i.e., how is the step performed?
Alternatively, add references to published material specifying how to
perform the protocol action.

Response

As suggested, we have added a more detailed description (texts and

figures) of the protocol.

Point 4

1.1: How were the EEG data recorded?

1.1.1: Please include how the electrodes were implanted here instead
of referencing the details out.

Response

We are unable to provide video data for recording intracranial EEG,
because they contain clinical and personal information. Therefore,
we focused on the data analytical protocol in this article. Because
recording and referencing methods differ across institutions and our
analytical protocols can be applied to various types of data, we
introduced our recording and referencing method as an example. We

would prefer not to modify the Basic Information section.

Point 6

How many patients are there? What are the inclusion/exclusion
criteria?

Response

As suggested, we have added these details (p. 5).



Point 6

For steps 2-4, please specify the click by click instructions to
perform the protocol with the GUI.

Response

As suggested, we have described the click-by-click instructionsin the
revised manuscript. Because the phase—amplitude cross-frequency
coupling analysis reported in the previous manuscript required code
(CUI operations), we have removed this analysis from the revised

version.

Reviewer #1

Point 1

What code was used, if any, to run this analysis. Code snippets
should be presented, perhaps in a supplement or video.

Response

Because the editor discouraged the description of protocols requiring
code, we have described only protocols for analysis using the SPM

software, which did not require code.

Point 2

Many parameter choices were made in each analysis; justification or
explanation for parameter and/or window size choice is needed.
Response

As suggested, we have added descriptions and justifications for the
parameters used in our research. These parameters were generally

selected from previous studies.



Point 3

The authors mention that other iEEG pipelines exist - what is the
advantage of this pipeline versus other IEEG pipelines? Brief
explanations would be appreciated.

Response

We have added a description of the potential advantages of the
proposed analytical protocol to the Discussion (p. 14). Analytical
protocols that use SPM can provide a unified framework for the

analysis of various types of neuroscientific data.

Point 4

A description of each technique (e.g. DCM or phase amplitude
coupling) in "plain english” so that the reader knows what is being
measured or estimated. For example, what measure of connectivity is
used in DCM?

Response

As suggested, we have added a description of what is being estimated
to the Introduction (p. 4). The time—frequency SPM analysis reveals
the time and frequency at which brain regions are activated and DCM

analysis shows how brain regions communicate.

Point 5

Add statistics to the results section so that the reader can get a sense
of what effect sizes can be expected.

Response

As suggested, we have added the statistical thresholds for our

representative results in the revised manuscript (pp. 11-12).



Point 6

The authors mention using both cortical surface and depth electrodes.
Are data from these two electrode types treated the same? Are they
recorded simultaneously? Is the same reference used?

Response

As suggested, we have added information on the electrodes,
recording, and reference for our study in the revised manuscript (p.
5). Recordings by surface and depth electrodes were made
simultaneously using the same reference, and the data from both

sources were analyzed in the same manner.

Point 7

It would be nicer to provide the pros and cons of the reference chosen
in this study. In our opinion, such a reference electrode would pick up
a lot of environmental noise/EMG artifacts and thus potentially be a
problematic reference. For example, the amygdala is quite proximal
to the ocular and temporal muscles. Without using a more suitable
reference, an amygdala channel would suffer from EMG artifacts
related to saccades and overt responses (see: Prog Neurobiol.
2012;98:265-78; Brain Topogr 2009;22:18-23).

Response

As suggested, we have added a description of the possible artifact
contamination of reference electrodes to the Discussion section, as an
unresolved issue (p. 13). We have also added our rationale for the
current reference electrode position by citing the methods of a

previous methodological study in the Protocol section (p. 5).

Reviewer #2



Point 1

How to deal with epileptic activity.

Response

As suggested, we have added a description of our methods for
reducing the effect of epileptic activity to the Protocol section (p. 6).
We excluded outlier trials based on predefined thresholds. Because
the editor requested that we describe protocols that can be visualized
using GUIs, and this operation cannot be visualized, we briefly

described our approach as an example of an appropriate method.

Point 2

How to reconstruct the exact positions of electrodes

Response

We used individual MRI and CT datasets to verify the electrode
locations. We have added this information to the Protocol section (p.
6). However, because the editor requested that we describe only
protocols that can be visualized, and videos of clinical operations,
including CT image acquisition, cannot be shared, we briefly

described approach as an example of an appropriate method.

Point 3

The effects and choice of how to reference and preprocess the data
Point 4

The effects of filtering on epileptic or sharp-transient,
non-sinusoidal activity

Response

As suggested, we have added a discussion of the influences of

preprocessing, filtering, and the reference to the Discussion as



unresolved issues (p. 13).

Point 5

Provide insights into how time-frequency analyses work and how one
Is supposed to design them given that short transients and epileptic
or oscillatory bursts can easily be blurred in the frequency domain by
adjusting the settings. | believe that the use of a GUI does not
facilitate that level of wunderstanding that 1is necessary to
characterize iIEEG data.

Response

As suggested, we have described the principle behind time—frequency
analyses in the Protocol section (p. 7). We agree that the
time—frequency analyses introduced in this study could blur peaks in
the original data, and that it is difficult to compensate for this
blurring by adjusting the settings. Therefore, we have added a
discussion of this drawback to the Discussion section (p. 13).

We have described our GUI-based protocols in this study because the
editor encouraged us to present GUI-based protocols. We believe that
the GUI illustrations will help readers to understand how to use our

protocols.

Point 6

The use of multiple toolboxes and the effect of manual ‘cropping’
likely does not lead to better scientific and statistical practice.
Response

As suggested, we have focused on a single toolbox (SMP) in this
article. Because we conducted automatized cropping in all trials, we

have described this procedure in the Protocol section in the revised



manuscript (p. 7).

Point 7

No justification of the employed stats. E.g. using a GLM in SPM
might be applicable in fMRI in certain instances, but the non-linear
nature of iIEEG is better suited by e.g. the approach by Maris and
Oostenveld (2007)

Response

As suggested, we have added a discussion of the possible suitability
of nonparametric analyses for intracranial EEG data to the

Discussion (p. 14).

Point 8

Extraction of HFB activity is non-trivial, simply band-pass filtering
with a e.g. 70-150 Hz filter includes a sharp drop-off in the 1/f
spectrum and hence the authors need to discuss alternative
approaches as e.g. used by Forster (2015) or Holdgraf (2016)
Response

As suggested, we have discussed alternative approaches to the

extraction of HFB activity in the revised Discussion (p. 14).

Point 9

No critical discussion of Cross-Frequency Coupling and in particular
the 'Event-related' approach, which is highly susceptible to artifacts
by non-linear sharp transients as e.g. outlined in Aru (2015), Gerber
(2016) or Cole and Voytek (2017)

Point 10

The exact same holds true for their use of DCM



Response

In the revised manuscript, we have cited these reports in the
Discussion to show that cross-frequency coupling could be biased by
sharp non-linear transients and that control for such confounding

effects may be necessary (p. 14).

Point 11

Critical discussions and methods considerations are missing in terms
of cross-frequency coupling and connectivity metrics (e.g. coherence
and the plv, considerations on volume spread, the effects of
differences in trial numbers and differences in oscillatory power and
how to account for them, e.g. pairwise phase consistency metrics or
weighted phase-lag index)

Response

As suggested, we have explained in the revised Discussion that
several different approaches have been proposed for the analysis of
neural coupling, and that it remains unclear which analyses and

parameters might be best suited for cognitive processing (p. 14).

Point 12

No information on assessing directionality by e.g. Granger or the
phase-slope index. See e.g. Zheng et al. (2017) Nature
Communications for a successful example on how to address some of
these issues

Response

As suggested, we have mentioned in the revised Discussion that

Granger causality could be an important alternative (p. 14).



Point 13

Essential citations on e.g. CFC are missing (that by the way
published the code along with the paper to facilitate replicability:
e.g. Canolty 2006 Science, Voytek 2010 Frontiers, Tort 2008)
Response

As suggested, we have cited these important studies in the revised

manuscript (p. 4).

Point 14

The authors might want to consult e.g. Stolk (2018) Nature Protocols
for more state-of-the-art tutorial.

Pesaran (2018) Nat Neurosci

Parvizi and Kastner (2018) Nat Neuro published authoritative
guidelines on this topic.

In its present form and its gui-based approach this tutorial could
potentially do more harm than advance the field because users will
unlikely develop a deeper understanding on how these metrics should
be used and the analyses should be carried out. While the field needs
better tutorials, this manuscript one falls very short and hence
should not published in its present form. Open access tutorials like
the manuscript by Stolk (2018, also on biorxiv) and the freely
available fieldtrip toolbox http://www.fieldtriptoolbox.org/tutorial
provide more information.

Response

We appreciate the suggestion of these relevant studies. We have cited
these studies in the revised Introduction (p. 5) and Discussion (p. 14).
We have also explained in the revised Discussion that the protocols

that used the SPM software may have the unique potential to provide



a unified framework for the analysis of wvarious types of
neuroscientific data (p. 14).

The editor encouraged us to provide a GUI-based approach to avoid
describing abstract concepts in the Protocol section. We believe that
our manuscript will be helpful to readers who wish to understand how

to analyze intracranial EEG data using the SPM software.

All comments provided were helpful in the process of revising our
manuscript. We hope that the revised manuscript has been
sufficiently improved for publication in Journal of Visualized
Experiments. Thank you for your interest and support.

Yours sincerely,

Wataru Sato



