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Abstract

Background—Low intensity transcranial electrical stimulation (tES), including alternating or
direct current stimulation (tACS or tDCS), applies weak electrical stimulation to modulate the
activity of brain circuits. Integration of tES with concurrent functional magnetic resonance
imaging (fMRI) allows for the mapping of neural activity during neuromodulation, supporting
causal studies of both brain function and tES effects. Methodological aspects of tES-fMRI studies
underpin the results, and reporting them in appropriate detail is required for reproducibility and
interpretability. Despite the growing number of published reports, there are no consensus-based
checklists for disclosing methodological details of concurrent tES-fMRI studies.

Objective—To develop a consensus-based checklist of reporting standards for concurrent
tES-fMRI studies to support methodological rigor, transparency, and reproducibility (ContES
Checklist).

Methods—A two-phase Delphi consensus process was conducted by a steering committee (SC)
of 13 members and 49 expert panelists (EP) through the International Network of the tES-fMRI
(INTF) Consortium. The process began with a circulation of a preliminary checklist of essential
items and additional recommendations, developed by the SC based on a systematic review of 57
concurrent tES-fMRI studies. Contributors were then invited to suggest revisions or additions to
the initial checklist. After the revision phase, contributors rated the importance of the 17 essential
items and 42 additional recommendations in the final checklist. The state of methodological
transparency within the 57 reviewed concurrent tES-fMRI studies was then assessed using the
checklist.
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Results—Experts refined the checklist through the revision and rating phases, leading to

a checklist with three categories of essential items and additional recommendations: (1)
technological factors, (2) safety and noise tests, and (3) methodological factors. The level of
reporting of checklist items varied among the 57 concurrent tES-fMRI papers, ranging from 24%
to 76%. On average, 53% of checklist items were reported in a given article.

Conclusions—Use of the ContES checklist is expected to enhance the methodological reporting
quality of future concurrent tES-fMRI studies, and increase methodological transparency and
reproducibility.

Keywords

Transcranial electrical stimulation (tES); Functional magnetic resonance imaging (fMRI);
Concurrent tES fMRI; Consensus statement; ContES checklist

Introduction

The advent of functional neuroimaging techniques allows one to investigate the neural
correlates of behavior and underlying processes. However, functional neuroimaging
techniques cannot by themselves establish causal evidence for brain-behavior relationships.
Non-invasive brain stimulation techniques, including low-intensity transcranial electrical
stimulation (tES), can be used in combination with functional neuroimaging, such as
functional magnetic resonance imaging (fMRI), to directly modulate patterns of neuronal
activity and to establish causal evidence for the involvement of particular neural regions

or networks in a specific behavior and cognitive process 118, Over the last 20 years, low
intensity tES has been used extensively to study and modulate the neural mechanisms
underlying basic physiological and cognitive processes 1%-27. Initial studies combining tES
with fMRI were limited to sequential tES-fMRI recording, which primarily provides an
avenue to investigate the neural mechanisms underlying tES offline (after) effects 28-34,

Over the last decade, advances in tES technology have made concurrent tES-fMRI

(i.e., simultaneous acquisition of fMRI data during tES) in-principle technically feasible,
thus enabling monitoring of immediate (online) tES effects. Concurrent tES-fMRI
recording poses specific technical challenges 35, however, these issues can be minimized
when standard protocols are followed 29:36-39, As a “perturband-measure” approach

40, applications are rapidly diversifying such that concurrent tES-fMRI is being used
increasingly as a proxy measure for local and global neuro-metabolic activity to address
causal mechanistic 24142 and predictive 4344 questions about underlying physiology and
therapeutic effects. Online integration of tES with fMRI recordings is, however, associated
with technical and theoretical challenges, which include the risk of electrode heating due to
the radio frequency (RF) pulses of the scanner 4546 and susceptibility-related echo-planar
imaging (EPI) artifacts under the electrodes 3647, Furthermore, evidence is increasing for
the significant impact of different methodological procedures on online fMRI responses

to tES, including the localization of electrodes 47-4%, MRI-conditional stimulator setup
29.37.38 ‘amount/type of contact medium 32, and the timing of concurrent tES within the
fMRI paradigm 50:51, Given the variability in fMRI responses to tES, as well as tolerability/
safety/noise concerns and methodological variations, there is an urgent need to clearly and
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systematically plan, measure, report, and control as many of these methodological factors as
possible. In order to ensure a robust interpretation of the data and to increase the potential
for future replication, a reporting guideline and checklist is required. Methodological
checklists not only improve the transparent reporting of study methodology, and quality

of data collection analysis, but also reduce design and reporting biases, factors with clear
implications for future interpretation and use of the data. These checklists could also assist
peer review and critical appraisal of research methodology 52-54,

A limited number of methodological checklists are available in the field of human

brain mapping for transcranial magnetic stimulation (TMS) studies 53, tDCS studies

54 and MRI/fMRI studies 2256, One of the most well-known checklists in the field

of human brain mapping is the COBIDAS statement, which was developed to provide

an evidence-based minimum set of recommendations to prepare best practices for data
analysis, result reporting, algorithms, and data sharing in neuroimaging research in order

to promote transparency, reliability, and collaboration 5. Given the potential for variability
of the neural responses elicited by tES and the growing number of concurrent tES-fMRI
studies, guidelines on factors that should be reported and/or controlled in concurrent
tES-fMRI studies are essential to ensure that research findings are correctly interpreted

and reproducible 7. Also, to facilitate meta-analyses, studies should be consistent in both
methodology and reporting practice. Hence, we aimed to address these issues by conducting
a Delphi study to reach a consensus on the essential items that are mandatory to be reported
or recommendations that should be considered when reporting a concurrent tES-fMRI study
(ContES Checkilist).

Research Methodology

The Delphi method is a questionnaire-based approach designed to facilitate reaching a
consensus, based on the fundamental principles of purposive sampling of experts in the
field of interest, panelist anonymity, iterative questionnaire presentation, and feedback

of statistical analysis %890, Like other expert consensus methods, the Delphi method is
sensitive to expert sampling and opinion aggregation choices and is reliant on subjective
expert judgement inherently, necessitating the use of other complementary empirical
evidence 60.61, However, rigorously collected and synthesized expert opinion constitutes
an important source of information when empirical data is scarce and issues of interest are
complex and multifaceted 62:63,

This study was designed, implemented, and coordinated within the international network of
tES-fMRI (INTF) and a steering committee (SC) that supervised the process of checklist
development, data analysis, and determining the initial criteria for item consensus and
survey termination. The flowchart of the Delphi method adapted for this study is illustrated
in Figure 1. The development of the ContES checklist using the Delphi technique involved
the following steps: (1) formation of the SC, (2) selection of the expert panel (EP), (3)
checklist development and revision, and (4) data collection and analysis. The protocol of this
study is pre-registered in OSF 84 and its questionnaires and databases are publicly available
in the study’s OSF page (https://osf.io/f9)8z/).

Nat Protoc. Author manuscript; available in PMC 2022 May 03.
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Steering Committee (SC)

The role of the SC, comprising Jorge Almeida, Andrea Antal, Marom Bikson, Hamed
Ekhtiari, Lucia M. Li, Marcus Meinzer, Michael Nitsche, Duke Shereen, Hartwig Siebner,
Charlotte Stagg, Axel Thielscher, Ines Violante, and Adam Woods, was to determine the
aim of the research, produce items and select additional experts for the Delphi process.
Peyman Ghobadi-Azbari served as the Delphi facilitator to implement the preregistered
methods within and between the SC and expert panel (EP). The SC grew out of

the INTF collaborative group after a series of webinars (28 March 2019, 27 June

2019, and 26 September 2019; recorded videos of the webinars are available on the

INTF YouTube channel https://youtube.com/channel/UCKcEYDmyqTipDW70zuoVSlg),
in which considerable heterogeneities of technical/methodological aspects in studies
combining tES with fMRI were discussed along with strategies to help to bridge respective
knowledge gaps, and reduce heterogeneity.

Expert Panel (EP)

The project involved the recruitment of a group of experts based on a systematic review

of 57 concurrent tES-fMRI studies (published before January 15t, 2020). We reviewed

the concurrent tESfMRI literature in the PubMed research database from inception up to
January 1, 2020 to select evidence based concurrent tES-fMRI studies and experts who
conducted those studies. The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 65 flow diagram for the systematic review is provided in Extended Data
Fig. 1. The search included the terms ({DCS OR transcranial direct current stimulation OR
tACS OR transcranial alternating current stimulation) AND (functional magnetic resonance
imaging OR fMRI OR functional MRI OR fcMR/I OR functional connectivity MR/ OR
1sTMRI OR resting-state fMRI). Fifty-seven articles were selected based on the PRISMA.
The inclusion criteria used to invite the experts included being the first, last or corresponding
author in at least one of 57 published studies in the field. In addition, the members of

the SC were asked to nominate additional experts in the field of concurrent tES-fMRI to
join the EP. All SC members agreed on the list of experts before the invitation process

was started. Potential candidates for the EP based on the above-mentioned inclusion criteria
(n=54) were invited to participate in the Delphi study using the contact information provided
in each publication (the e-mail address of the respective contributor). Furthermore, the
committee invited 21 additional experts to join the EP. The final list of EP invitees included
75 potential candidates with expertise across a range of backgrounds (i.e., medicine,
neuroscience, biomedical and electrical engineering) and geographical areas (USA, UK,
Germany, Denmark, Iran, and Canada). Over 65% of the invitees (49 experts) accepted to
join the EP.

Checklist Development Phase

The checklist aimed to facilitate an in-depth consensus among the tES-fMRI experts
regarding the technical/methodological aspects necessary to be followed and reported to
safely and successfully perform acquisition of fMRI during tES delivery and to enable
critical appraisal and systematic reporting of concurrent tES-fMRI studies. The initial draft
of the checklist was developed based on currently available evidence in the field. The

Nat Protoc. Author manuscript; available in PMC 2022 May 03.
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concurrent tES-fMRI studies were operationally defined as “studies that apply tES in the
bore of the magnet while acquiring fMRI data during stimulation”. Studies using tES-fMRI
in offline or sequential approaches (i.e., imaging only before and after stimulation) to
evaluate the short- and long-term after-effects of brain stimulation were not included. As
the first step of the Delphi process, an initial email circulation started within the SC by
asking each SC member to suggest a list of the specific technical/methodological aspects
of the interaction between fMRI and tES that they considered very likely to influence

a concurrent tES-fMRI study and its report. Repeated responses were merged and the
remaining items were thematically categorized into: technological factors, safety and noise
tests, and methodological factors. The SC also suggested additional recommendations for
each main item that should be considered in order to increase the quality of reporting.
Following agreement on the checklist format by the SC, the initial draft of the checklist
was tested by rating 5 sample concurrent tES-fMRI articles, with Yes/No ratings on
whether the item was reported in the article or not, to ensure the checklist’s objectivity and
clarity. Following the pilot test, the SC reworded and/or combined items that were deemed
unclear for inclusion in the revision phase. The results of each phase were summarized and
displayed on the study’s OSF page (https://osf.io/f9j8z/).

Data Collection and Analysis

Checklist Revision Phase—The consensus-based checklist was distributed among the
EP and SC members. For the revision phase, contributors were sent the initial checklist
email. Two consecutive follow-up reminders were emailed if a response was not received
after 7 and 14 days following the initial email circulation. Contributors who completed
the revision phase before the deadline were recruited in the subsequent rating phase. The
revision phase included a section on self-reporting the demographics gleaned from the

EP and SC members and questions about their previous experiences as concurrent tES-
fMRI researchers. A second section requested contributors to comment on any ambiguity
or wording of the existing checklist. The revision phase included a definition of the
purpose of the consensus study and an operational definition of a prescriptive standard
protocol for concurrent tES-fMRI trials, the presentation of the initial checklist, followed
by the opportunity to modify and remove items/recommendations, revise the current
language of the checklist, merge selected items/recommendations, and propose new items/
recommendations for each subsection. Any item that was judged by the SC as an original
idea was included as a new item/recommendation in the rating phase. Data obtained from
the revision phase informed the SC in developing the finalized checklist.

Checklist Rating Phase—In the rating phase, the EP and SC members were sent a
feedback document, which summarized the results of the checklist modifications. It included
the clarification and correction of terminology, as well as a summary of comments. The
participants were asked to rate each item in terms of importance in the methodology of
concurrent tES fMRI studies, from 1 to 5. The exact question was: “To facilitate visibility,
replication and data sharing, how important is it to report this item?”. Also, for each
additional recommendation, we asked: “Do you support the inclusion of this additional note
as a recommendation to be considered in concurrent tES fMRI studies?”.

Nat Protoc. Author manuscript; available in PMC 2022 May 03.
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To avoid a non-neutral center rating and encourage deliberation, ratings were termed

“not important”, “slightly important”, “moderately important”, “highly important” and
“extremely important”. The participants were also allowed not to rate an item if they chose
not to do so. The inclusion of each additional recommendation for each item could be rated

“Yes” or “No”.

Data Analysis—In the rating phase, the average rating and the number of responses

were calculated. For the main items, the tally of scores of “extremely important”, “highly
important” and “moderately important” represented “essential”, whereas the tally of the
scores of “slightly important” and “not important” represented “non-essential”. We defined
consensus as =70% of respondent scorings of an item as essential, with a second,

preferred level of consensus at 280% agreement. Also, for additional recommendations, all
respondents rated the 42 recommendations with the scores of “Yes” or “No”, as previously
described. The recommendation items receiving a response of “Yes” from at least 50% of EP

and SC members were defined as achieving consensus.

Assessing the State of Reproducibility and Transparency in concurrent tES-
fMRI studies with the ContES Checklist—To retrospectively assess the state of
reproducibility and transparency in reporting via adherence to the ContES Checklist in
published concurrent tES-fMRI studies, we evaluated 57 studies using the ContES checklist.
Three independent raters (HT, NM, HMA) rated adherence to the reporting checklist within
these articles using the 17-items checklist. An inter-rater reliability analysis using the
Fleiss’ Kappa statistic was performed to assess the consistency of the raters’ evaluations

of concurrent tESfMRI research in the context of the ContES checklist 6. If Fleiss’s Kappa
is greater than 0.8, the accuracy of the inter-rater reliability indicates “Almost Perfect
Agreement” 67, The relationship of reporting score with publication year, journal word limit,
article word count, and journal impact factor were also analyzed to assess whether articles
with a better reporting status appear in journals with higher impact factors, whether the
reporting status has improved across the recent years, and whether word count limitations
have an impact on reporting status. None of these relationships were significant. Also, the
number of example articles reporting each item is presented in Supplementary Table 1. To
support the potential utility of the checklist, this table also provides a list of papers that
demonstrates how each checklist item might affect the results of a concurrent tES-fMRI
study as well as their importance for interpretability and generalizability. A summary of
these 57 concurrent tES-fMRI studies is provided in Supplementary Table 2.

No ethics board approval was required for this expert panel activity. This consensus-
seeking activity neither involved novel experimental work nor novel analyses of existing
experimental data, but relied entirely on mutual exchange of expertise and opinions within
the panel taking into account all existing peer-reviewed scientific studies on concurrent tES-
fMRI. Potential contributors were informed that by responding to the invitation letter, they
were deemed to have consented to take part in the Delphi study and that their de-identified
responses are included in all analyses. All named contributors also provided consent to be
acknowledged in this paper.

Nat Protoc. Author manuscript; available in PMC 2022 May 03.
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Results

Characteristics of the Steering Committee and Expert Panel and Response Rates

The characteristics of the SC and EP are presented in Supplementary Table 3. The SC and
EP had a mean (SD) of 8.67 (5.4) and 5.54 (2.7) years of experience in tES-fMRI research,
respectively. They represented a range of professions and academic disciplines including
neuroscientists (49% EP, 85% SC), cognitive scientists (16% EP, 8% SC), psychiatrists (10%
EP, 0% SC), and psychologists (10% EP, 0% SC). Their professional settings were primarily
universities (59% EP, 69% SC), hospitals (18% EP, 8% SC), university hospitals (0% EP,
8% SC), independent research institutes (6% EP, 15% SC), and businesses/industries (6%
EP, 0% SC), and the most commonly held academic degrees were PhD (76% EP, 69% SC),
MD-PhD (6% EP, 15% SC), and MD (4% EP, 15% SC). Forty-nine EP members, along
with 13 SC members, (completed the revision phase of the Delphi questionnaire and 45 EP
members and 9 SC members completed the rating phase. Retention was very high, with 54
(87.1%) revision phase contributors also completing the rating phase.

Results of the Delphi Process

Checklist Development Phase—Four members of the SC (ADS, IRV, JA, HE)
produced an initial list of items for the overall structure of the checklist based on suggestions
derived from the concurrent tES-fMRI studies literature. After the discussions within the

SC, the checklist was expanded from 14 items to 16 items. Thus, for the revision phase, 9
items in the 7echnological Factors category, 4 items in the Safety and Noise Tests category,
and 3 items in the Methodological Factors category were provided within the checklist.
Furthermore, an “Additional Recommendations” column was added to the ContES checklist
by the SC with 28 additional recommendations for experimental parameters and practices.
These additional recommendations provide guidance to the requirements for adequate, and
appropriately documented simultaneous conduction of fMRI and tES.

Checklist Revision Phase—In the revision phase, one item was added to the ContES
checklist (tES-fMRI Setting Test - Subjective Intolerance Reporting). The additional
recommendations were expanded by the contributors from 28 items to 42 items. The
final checklist includes 9 items and 19 recommendations in the 7echnological Factors
category, 5 items and 12 recommendations in the Safety and Noise Tests category,

3 items and 9 recommendations in the Methodological Factors category as well as 2
general recommendations. Different versions of the checklist in its development process
are provided by the study’s OSF page (https://osf.io/f9j8z/).

Checklist Rating Phase—The collected responses of the rating phase are shown in
Figures 2 and 3, and also in Tables 1, 2 and 3. Respondents had a high rate of agreement
about most of the checklist items. However, three items (marked with T in Figure 2):
Amount of Contact Medium (Paste/Gel/Electrolyte), Electrode Placement Visualization, and
Wire Routing Pattern did not reach the 80% consensus threshold (rated as either moderately,
highly, or extremely important by more than 80% of the respondents). Of these, one item,
Amount of Contact Medium (Paste/Gel/Electrolyte), did not reach the =70% consensus
(marked with ¥ in Figure 2 and Supplementary Table 4). However, the draft ContES

Nat Protoc. Author manuscript; available in PMC 2022 May 03.
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checklist met the consensus level for all 17 items with a 65% threshold. The rating phase
included also scoring of each of the additional recommended items by the scoring choices
of Yes and No. The results showed that 38 (90%) of the recommendations reached the
50% threshold (rated as Yes by more than 50% of the contributors), but the following

4 recommendations did not (10%) (Figure 3): Control of Amount of Contact Medium,
Alttenuation Characteristic of RF Filter, Restrictions/Regulations for RF Filtering Method,
and Restrictions/Regulations for Wire Routing Pattern.

The ratings of the items and recommendations of the ContES checklist are outlined in
Tables 1-3. The full version of the ContES checklist that includes 17 essential items and

42 additional recommendations and a short version that includes essential items only are
provided in Supplementary Tables 4 to 7 to be used by authors and reviewers. The reporting
items that did not meet the 70% and 80% thresholds and additional recommendations that
did not meet the 50% thresholds are marked in the final checklist. Based on this information,
researchers can decide to choose more stringent or more liberal thresholds when using the
checklist.

The State of Reproducibility and Transparency in concurrent tES-fMRI studies
with the ContES Checklist—Three independent raters evaluated the adherence of the
concurrent tES-fMRI articles to the finalized reporting checklist items. The consistency of
the raters’ responses resulted in a Fleiss’ Kappa of 0.85, indicating that the consistency is
Almost Perfect Agreement %7

Inclusion of information about the main items of the ContES checklist varied widely,
ranging from fully reported (100%; Manufacturer of MR Conditional Stimulator, Concurrent
tES-fMRI Timing, Imaging Session Timing) to rarely reported (5.3%; MR Conditionality
Specifics for tES Setting, Amount of Contact Medium). The pattern of adherence to the
checklist items varied relevantly between articles, ranging from 24% to 76%, averaging 53%
of checklist items reported in a given article (Figure 4). All studies (100%) reported the
Manufacturer of MR Conditional Stimulator (Item 1), and the Electrode Positioning (Item 3)
was described clearly in 89% of articles, but details of the MR Conditional Electrode (Item
2) were included in only 56% of the reviewed articles. A relatively high number of papers
(84%) reported the MR Conditional Skin-Electrode Interface (Item 4), but the Amount of
Contact Medium (Item 5) was mentioned less frequently (5%). The Electrode Placement
Visualization (Item 6) was shown in only 25% of the articles, and the RF Filter (Item 7) was
included in 35% of the articles. The Wire Routing Pattern (Item 8) was described clearly in
only 32% of articles, and the tESfMRI Machine Synchronization/Communication (Item 9)
was rarely described (23%).

Only 5% of the articles reported information regarding MR Conditionality Specifics for
tES Setting (Item 10). Few articles described details of the tES-fMRI setting test, ranging
between 28 and 33% in Items 11-13 (33% Safety Testing, 33% Subjective Intolerance
Reporting, 28% Noise/Artifact). Impedance Testing (Item14) information was included in
only 28% of articles. Concurrent tES-fMRI Timing (Item 15) and the Imaging Session
Timing (Item 16) were reported in all 57 articles, however tES Experience was reported less
frequently (Item 17; 63%).

Nat Protoc. Author manuscript; available in PMC 2022 May 03.
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The highest reporting score was 76%, and 6 articles had a score of higher than 70%. One
article reported more than 75% of the checklist items 8. The lowest reporting score was
24%; 28 studies failed to meet a reporting threshold of 50%. The correlations of study
reporting status with journal word limit, article word count, and journal impact factor were
not significant and relevant graphs are presented in Extended Data Fig. 2.

Discussion

The goal of this study was to develop a consensus-based checklist of methodological details
to facilitate the evaluation of concurrent tES-fMRI studies in terms of methodological
transparency and reproducibility (ContES Checklist). We successfully developed the ContES
checklist to guide authors in reporting the minimum information necessary to ensure
reproducibility by using the 17 essential items. The 42 additional recommendations should
be considered to further enhance the quality of future research in this field. This checklist
can be used by editors and reviewers for critical appraisal of future studies. The checklist
will also be helpful for researchers who are in the process of settingup a concurrent
tES-fMRI study. Indeed, our systematic literature review and appraisal of 57 published
concurrent tES-fMRI studies revealed a general lack of sufficient information to fully
reproduce critical methodological details of these studies. Overall, this checklist offers a
methodological framework for understanding and replicating previous studies, and provides
journal reviewers and editors with an efficient tool to gauge and promote concurrent tES-
fMRI reproducibility. Figure 5 summarizes the items which are deemed important to be
considered when conducting and reporting a concurrent tESfMRI study.

Technological Factors

The technical features of the stimulator and accessories, including set-up on the subject’s
head and configuration inside the scanner, underpin rigor and reproducibility — which in
turn informs how these elements should be reported (Table 1). Manufacturer make and
model should be reported but the degree to which this satisfies items on the checklist

varies. For example, while the material composition of an electrode may not always be
explicitly specified, indicating a unique electrode part number would allow reproduction and
referencing to other documentation. For other items, the amount of detail given beyond the
part number can vary depending on the specific approach. For example, the thickness of
paste or amount of other electrolytes is determined by the operator (setup) for large pad
electrodes but controlled by the electrode holder for HD electrodes. The item number does
however not explain set-up details such as cable arrangements or ad-hoc steps to support
electrode positioning. These aspects are important to state. The degree to which prior
papers can be referenced for these methodological details (e.g., “we applied tES-fMRI used
methods as reported in these other references™) should be qualified. Our analysis suggests
that to date only a limited number of papers documented these details in sufficient detail.

To the extent these technical factors underpin reproducibility, expanding on them in any
given publication supports rigor. Electrodes used for stimulation inside the MR environment
need to be at minimum MR conditional. Manufacturer and model details, electrode size and
shape, as well as materials and conductive properties of electrodes (conductive polymer,
Ag/AgCl, etc.), connectors (often residually ferromagnetic), cables, and other conductive
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materials (e.g., a specific brand of electrode paste and NaCl concentration) need to

be provided. The relevant item in the checklist was considered highly important (item

1.2, average rating score: 4.06) and the inclusion of the additional recommendation was
recommended by 85% of the contributors (recommendation 1.2.1). Also, the position of

the connector on the electrode should be reported, as it can significantly influence the
homogeneity of current distribution within the electrode 9. As revealed by concurrent
tDCS-MEG experiments 7%, some conductive polymer (rubber) electrodes are magnetized,
possibly during the production process, while others from the same brand are not. It remains
to be determined whether this property is related to MR imaging artifacts.

Electrode positions and size are crucial parameters which determine the distribution of
current flow in the brain tissue. It is therefore recommended unanimously by the experts

to report this information (item 1.3, average rating score: 4.83) as precisely as possible. It
should be distinguished between how the intended montage is determined and how this

is practically implemented. The former may be based on the literature, on theoretical
considerations, or dedicated E-field modeling in generic or personalized head models,
whereas the latter may involve TMS hotspot-search (for M1), 10-20 EEG system head
measurements, or MR-based neuronavigation. The reported details should include the
method of electrode positioning (e.g., with or without EEG cap), the position of the
electrode center, and if applicable, its orientation in case of non-circularly shaped electrodes.
Instead of “the electrode was positioned on the left M1” one would preferably state, for
example, that “the electrode was centered on the FDI motor hotspot as determined by TMS,
with the longer sides of the 7 x 5 cm? rectangular electrode pointing into anteromedial and
posterolateral direction, respectively, and the connector inserted at the center of the electrode
pointing towards one shorter side into anteromedial direction”. If MRI-based head modeling
was used, it should be stated whether electrode position had been determined based on
individual anatomy or a group template, and how electrode positioning was performed, e.g.,
using a neuronavigation system or EEG 10-20 coordinates. For MR-based neuronavigation,
MNI coordinates may be reported for electrode centers and/or corners. In the case of
multi-session experiments, measures taken to ensure consistency of electrode placement
across sessions have to be described, such as co-registration of stimulation electrodes

with the individual MRI using neuronavigation or the use of EEG caps and/or the 10-20
system 71, The accuracy of the stimulation montage can only be judged if this information
is provided and the detailed information further allows post-hoc current modeling and
replication studies.

It is also recommended to report the position of electrodes and, in particular, how the cables
are directed (intertwined or separated) relative to the MR head coil, as well as information
on how electrodes were affixed to the head in the MR, and how the head was stabilized

to prevent movement of electrodes relative to either head or MR coil during recordings

to prevent discomfort, impedance issues, and imaging artifacts, respectively. A post-hoc
validation of electrode positions can also be achieved by the acquisition of anatomical
images with the stimulation electrodes in place, even though such images might not be
easy to use for E-field modelling itself (due to the challenges of segmentation between the
electrodes and skin), for which anatomical images without electrodes (and related artifacts)
are preferred.
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For the sake of reproducibility, it is also important to provide a proper visualization of
electrode position (item 1.6, average rating score: 3.56), which may be a photo, a sufficiently
detailed schematic figure, or, preferably, the precisely modeled representations on a 3D-
rendered head surface as provided by E-field modeling software, such as SimNIBS 72 or
ROAST 73. Besides the electrode position itself, it is also considered highly important

to provide visual information (a photo or sufficiently detailed schematic figure) regarding
the skin-electrode interface (item 1.4, average rating score: 4.09), i.e., which conducting
medium was used (e.g., gel/paste or saline solution with sponges), how contact with the skin
was ensured if the hair was in between, as well as measures taken to restrict the location of
the contact medium to control the effective size of the stimulation surface and prevent short
circuits. While the amount of conductive medium (volume of saline solution or thickness of
the layer of electrode paste) was rated of medium importance (item 1.5, average rating score:
2.91), this information, together with the evenness of its distribution across the electrode
surface, is relevant for the impedance as well as the current distribution in the skin (and
potentially the brain). It can, however, be very difficult in practice to control this variable,
given that gel is squeezed between electrode and head and saline solution flows away or
evaporates, and it is thus helpful to also report potential countermeasures taken to control

or measure this influence. In any case, electrode impedances should be measured directly
before and after the experiment and be reported.

The introduction of any electrical wire into the MRI magnet bore may result in undesired
artifacts and/or noise. Whereas the magnetic fields induced by the current in wires and
electrodes during tDCS have been known to lead to false-positive activation in BOLD

fMRI, tACS is far less prone to this artifact since the AC induces relatively rapid polarity
switching magnetic fields that time average to zero net effect 36. However, any electrical
cabling used in tES-MRI experiments may act as a transmitter of RF energy from outside
the MRI shielded environment, and therefore may potentially increase electromagnetic RF
interference with the MRI signal--even with the stimulator switched off. It is therefore
extremely important to use an RF filtering method to suppress any external electromagnetic
noise that may find its way into the scanner room using the stimulator’s cabling as a

tunnel. Currently, there are two hardware configurations for addressing this issue 2°: (1) The
RF waveguide setup, which includes two filter boxes positioned outside and inside of the
scanner room and cables running from the MRI control room through the RF waveguide
tube 37:38; (2) The RF penetration panel setup, which includes an RF filter adapter connected
directly to the RF penetration panel and MRI ground, positioned outside of the scanner room
with cables running from the stimulator in the MRI control room through filter and RF
penetration panel and to the electrode leads in the scanner room 74,

It is therefore recommended unanimously by the contributors to report this information
which was rated to be moderately important (item 1.7, average rating score: 3.50)

as precisely as possible. Additionally, it is recommended that the authors provide

details regarding the attenuation characteristic of RF filtering (recommendation 1.7.1,
recommended by 50% of the contributors) 4749, For instance, “in the case of concurrent
tDCS-fMRI, the characteristic bandwidth of the stop band of the filters on the DC path
have been chosen to provide an approximate attenuation of 60 dB within a frequency range
of 20-200 MHz to mitigate the radio frequency noise, protecting common strength MRI

Nat Protoc. Author manuscript; available in PMC 2022 May 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Ekhtiari et al.

Page 12

scanners such as 1.5T and 3T which operate at Larmor frequencies of approximately 64
MHz and 128 MHz during fMRI (proton imaging) 4.

The wire routing pattern is also an important methodological detail when using transcranial
stimulation simultaneously with fMRI measurement to increase replicability and validity
of a study. However, this factor was rated as moderately important overall (item 1.8,
average rating score: 3.43). It is important to make sure that the wires/cables do not

create loops and run parallel to the bore axis as they approach and exit the scanner. It

is also recommended by 58% of the contributors to ensure that after the subject enters

the scanner, no loop can be created subsequent to entry due to wire movements, and
practical measures to avoid them should be stated explicitly (recommendation 1.8.1). An
example is a protocol reported by Williams and colleagues in which they emphasize that
regarding stimulator setup, they ensured that no loop was made by the wire and it was
placed along the wall of the room 38, It might be of importance (recommendation 1.8.2,
recommended by 61% of the contributors) to include a figure illustrating the wiring details,
such as the length of the cables required to connect inner and outer filter boxes, how the
cables are connected to the electrodes, in which direction the cables are leaving the head,
how multiple connecting cables are managed together, and depending on the geometry

of the head coil, how the cables are entering the coil. Researchers are also encouraged
(recommendation 1.8.3, recommended by 59% of the contributors) to report how they
controlled cable motion inside the scanner (e.g., via sandbag, tape, etc.). One reason for
doing so is to make sure that no loop is created by movements 37. The contributors stress
the importance of reporting if there were any deviations from the device manufacturers’
recommendations due to study purposes (recommendation 1.8.4 recommended by 78% of
the contributors). There are different institutional policies in various countries regarding
the use of electrical stimulators during MR imaging (e.g., permission to transfer electrical
current through the penetration panel); However, only 29% of responders recommended
reporting limitations at the levels of institutions/countries based on regulations or policies
(recommendation 1.8.5). This information might not be required as it does not affect the
results of the study if the methods are transparent. The full potential of simultaneous

tES and fMRI acquisition, such as dynamic monitoring of the brain during tES, can only
be explored if the data of both systems are temporally synchronized. As the analysis
depends critically on properly timed stimulation, it is crucial to synchronize imaging and
stimulation. It is therefore recommended by the contributors to report this information
which was rated to be moderately important (item 1.9, average rating score: 3.70) as
precisely as possible. In general, to address this issue, the presentation computer receives

a volume trigger TTL output from the MRI scanner and also sends output TTL triggers

to the stimulator at desired stimulation times through a stimulus presentation software 7.
Additionally, as synchronization protocols vary from center to center, it is recommended to
clearly specify which method was used when sending the trigger pulse (recommendation
1.9.1, recommended by 96% of the contributors). There are several methods for addressing
this issue, e.g., (1) USB, (2) parallel port, or (3) other additional devices. Two devices most
commonly used for sending the trigger pulse include a USB DAQ device, which works well
for the Psychtoolbox software package /6, and a USB-to-Serial port device, which works
well for the E-Prime software package /7.
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Safety and Noise Tests

Reporting technical parameters that can be safety-relevant was considered as highly
important (item 2.1, average rating score: 4.37). Ensuring the safety of the equipment for all
possible MR environments and applications is usually not possible. Rather, most equipment
is demonstrated to be MR conditional, i.e., safe under specific usage conditions in specific
MR environments 78. This implies that the same equipment might still pose safety risks
when used in untested scenarios, requiring a reevaluation of its safety.

Manufacturers of tES equipment should clearly document the safety-relevant technical
parameters and settings used for their testing to ensure that users can replicate those
appropriately. While it was less frequently recommended to repeat these parameters in the
paper (recommendation 2.1.2, recommended by 51% of the contributors), deviations should
be clearly reported, including the measures that were taken to ensure that safety was not
compromised. To provide some guidance, the following paragraph gives a brief overview
of aspects that can be safety-relevant and thus warrant consideration. Generally, external
equipment brought inside the MR scanner might cause harmful effects via interaction with
the static magnetic field, the magnetic gradient fields, and the transmitted radiofrequency
(RF) field 7°:

(1) The static magnetic field exerts strong accelerating forces on ferromagnetic materials. In
the case of tES-fMRI, using only non-magnetic materials for the cables and electrodes is a
straightforward way that should be taken by the equipment manufacturer to prevent safety
risks.

(2) The time-varying magnetic gradient fields can create eddy currents in a conductive
material that in turn result in mechanical forces via their interaction with the static field.
This effect seems less relevant in the case of tES-fMRI for which the cables are the

only high conductive parts. As they do not form closed high-conductive loops at the

low electromagnetic frequencies corresponding to the time-varying gradient fields and are
interrupted by the head, the electrodes, the stimulator, and often also safety resistors, the
currents induced by gradient field switching are weak. This effect might, however, cause
vibrations of the cables and might contribute to local nerve stimulation underneath the
electrodes, while serious adverse effects such as burns due to tissue heating are unlikely 7°.

(3) Interactions of cables and electrodes with the transmitted radiofrequency (RF) field
can potentially lead to local tissue heating and burns, which has been described, e.g., for
electrocardiogram equipment 8981, The MR scanner controls the transmit power to ensure
that the specific absorption rate (SAR), i.e., the mean power deposition per unit tissue
weight, stays within safe limits everywhere in the body. When cables are brought into

the scanner, they can absorb and redistribute RF energy. By that, they might heat up and
additionally locally focus RF energy in close-by body tissue. Both mechanisms can cause
burns. They can occur for wire loops, but also for more or less straight cables that act

as antennas, depending on several parameters including wire length and path, the terminal
conditions at the electrodes, the frequency of the RF transmit field (linearly scaling with
the MR field strength as long as only hydrogen nuclei are imaged), the spatial extent of the
RF transmit field and the head and body position inside the field. Some of these parameters
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are difficult to standardize in practice so it is worth noting that the absence of heating in a
test scan might not necessarily generalize. The safety of cables can be relevantly improved
by adding resistors or cable traps or using lower conductive carbon instead of copper wires
to systematically reduce or fully prevent the occurrence of standing waves. While these
measures can be very effective, expert knowledge is required when implementing them to
ensure that they work as intended and in a wide range of practical scenarios 82, When space
allows, a simple measure to reduce the risk of burns is to ensure a physical distance between
the cables and the skin. However, this does not help to prevent burns around points of high
resistance, e.g., at the connection to the electrode, which is generally more likely.

The electrodes and gel are far less conductive than metal so that their interaction with the
RF transmit field is relevantly smaller. However, as the rubber electrodes still have better
ohmic conductance than body tissue (e.g., ~30 S/m for the silicon rubber), they can cause a
redistribution of the electric field that is created by the RF transmit field inside the head 83,
This effect can change the local SAR distribution and potentially cause local skin heating.
Its strength depends on the size, shape, and position of the electrodes, with the tendency that
heating will be stronger for larger and thicker rubber electrodes.

The strength and duty cycle of the RF transmit field depends on the MR sequence type,
which translates to the amount of local SAR increases that might occur due to electrodes or
cables. Standard gradient-echo EPI used for functional brain imaging has comparatively low
SAR. The SAR of newer multiband EPI and in particular turbo spin echo sequences (RARE,
TSE, FSE, FLAIR, T2-SPACE, ...) for T2-weighted structural imaging can be close to the
allowed limits and might exceed these limits locally when cables and electrodes are present.

To summarize, interactions of the tES cables and electrodes with the RF transmit field
depend on several parameters, which can make it difficult to generally ensure that local
heating of the skin is kept within safe limits. Measures such as resistors added to the
cables can reduce the risk of inducing adverse effects, but it remains important that the

tES equipment is employed within the technical parameter ranges that are cleared by the
manufacturer. These parameters include the MR field strength, the type of transmit coil
(body coil vs birdcage coil or transmit array), the MR sequence type and settings, the cable
paths, the electrode sizes as well as their shape, position, and material.

According to our knowledge, with the concurrent application methods, no higher number of
reported adverse events (AEs) compared to conventional tES applications and no serious
adverse events (SAEs) have been reported 84. Nevertheless, the study protocol must

always comply with the safety standards for both tES and MRI and these parameters

should be carefully documented in the protocol/paper. More detailed suggestions and
recommendations of experts can be found in Table 2.

Experiments should always start with safety testing when a new protocol is applied.
These safety tests should include, but are not limited to, impedance testing, temperature
testing (any temperature change under electrodes) 8%, and electric current tolerance testing
(recommendation 2.2.1, recommended by 71% of the contributors). As suggested by at
least 45 respondents (Figures 2 and 3), it is highly recommended to report impedance
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changes before and during the course of scanning and using a gel under the electrode (and
not saline-soaked sponges) in order to avoid impedance increase (recommendation 2.5.1,
recommended by 88% of the contributors).

The measurement of signal-to-noise ratio (SNR) was rated 3.91 (item 2.4), reflecting an
important aspect in tES-fMRI studies. A small number of papers reported SNRs during the
concurrent application of tES and fMRI, although it is well-known that electrical equipment
can compromise image SNR via several mechanisms resulting in distorted images and
false-positive changes 8°. The stimulator is connected to the MR-compatible electrodes

by specially designed leads. In some devices, the stimulating leads are passed through a
waveguide tube in the MR cabin wall and through a radiofrequency filter module, consisting
of two filter boxes. In other stimulators, there is only one filter attached to the patch
(penetration) panel of the MRI (to ensure that the Faraday cage of the MRI room is not
opened) and there is no noise induced during the normal MRI image acquisition. In spite of
these safeguards, a small amount of noise is frequently present.

At least two papers reported susceptibility artifacts underneath the electrodes restricted to
the skull layer with no visual evidence of any distortion in brain EPI images 3947. Another
study using fMRI measurements during tES in cadavers observed significant BOLD signal
changes 36. Therefore, careful inspection of the SNR in different conditions during data
acquisition is of critical importance to diminish errors and issues related to false-positive
results. However, sometimes it is very difficult to deal with tES-fMRI artifacts because they
might emerge sporadically, can be stimulation protocol and montage specific (e.g., tDCS
seems to induce more noise than tACS) and often are not reproducible. Artifacts can be
caused by many factors, by the noise of the stimulator itself, by the electrode/cable positions
relative to the direction of the magnetic field, or by individual anatomical differences.
Aurtifact removal is not trivial and may depend on the applied task in the scanner and
processing methods. Beyond manual inspection, in a recent study, independent component
analysis (ICA) was used to automatically remove noise in concurrent tDCS-fMRI 86,
Manual inspection suggested that by applying this method, noise was successfully removed
from the voxel’s time series.

As suggested in Table 2, our recommendations are:

(1) tES manufacturers should state in the manual to what degree SNR changes during
stimulation. As SNR will depend on the local settings, the type of the scanner (e.g., its
shimming performance), and the MR sequences, several tests are suggested at different
locations. This scan can be achieved using phantoms and in human subjects targeting
different ROIs, tES-doses, and electrode positions 47. Basing the tests on the spherical

agar phantom and the procedures outlined in the Function Biomedical Informatics Research
Network (fBIRN) protocol would be a good starting point to ensure that the results of

the quality tests are comparable between different MR sites and tES equipment 87, They
should be complemented by measurements of the RF noise spectrum using the standard test
sequences provided by scanner manufacturers, and by field mapping sequences to quantify
the distortion of the static magnetic field induced by tES equipment 88,
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(2) When a new stimulator or protocol is tested, pilot in-scanner investigations, first using
phantoms and later healthy human participants, are necessary and any incident or the
absence of incidents should be reported.

(3) SNR testing should always be done before the study starts (pilot measurements).

(4) Later, during the study phase, when artifacts/SNR changes occur, it should be
reported how many participants or runs were excluded from the analysis due to artifacts.
Visualization of the artifacts is suggested.

(5) If other devices are involved during the tES-fMRI session, it should be tested whether
these devices or the interactions modify SNR. In the protocol, it should be clearly stated how
tES-induced noise can be or was separated from other types of noise.

Subjective tolerance was reported in only 33% of the concurrent tES-fMRI articles in our
systematic review. A gradual change in intolerance/side effects (itching sensation, burning,
pain) may be the source of hon-tES induced BOLD changes. This is particularly important
for online tES studies but may also have an impact on offline tES. Subjective intolerance
that leads to study discontinuation should always be reported. In addition, it is recommended
that gradual subjective intolerance is reported (recommendation 2.3.1, recommended by
98% of the contributors). The Comfort Rating Questionnaire (CRQ) offers a good way

to do this 8. It measures sensations such as pain, tingling, burning, fatigue, nervousness,
concentration, vision, sleep disturbances, headaches, and flashes of light before, during and
after stimulation, wherever possible as a visual analogue scale between 1 (not at all) - 10
(extreme). Subjective intolerance reporting (item 2.3) was rated 4.33 by the contributors.
This indicates consensus that it is important to report this item in publications.

Methodological Factors

It is crucial for studies to be precise about the timing of tES application relative to

fMRI acquisition and also relative to any behavioral task performed, for both technical
and experimental reasons. The checklist contains two items related to this specific point:
items 3.1, “Concurrent tES-fMRI Timing” and 3.2, “Imaging Session Timing”. It is the
committee’s position that these items should be reported with precise details (Table 3).

This is to address three issues in particular. First, tES-fMRI studies targeting sensorimotor
cortex have clearly shown that the acute stimulation effects during tDCS are not the same as
its post-stimulation effects 6.7, Therefore, knowledge about fMRI effects during stimulation
cannot be simply extrapolated. Second, it is also increasingly recognized that brain state is
an important determinant of the BOLD response to tES 7286, This is not surprising, given
that tES is thought to modulate spontaneous neuronal activity via subthreshold changes

of membrane polarization without directly eliciting action potentials. Thus, it is vital that
studies report exactly when stimulation was applied during the task, so that findings

can be interpreted with knowledge of the underlying brain state. One final issue is that
there is still relatively little known about the duration and nature of after-effects of tES.
Early tDCS studies used the classical bipolar montage to stimulate the motor hand area

and measured the motor-evoked potential (MEP), rather than fMRI, as the physiological
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outcome. These seminal studies suggest that at least three minutes of continuous stimulation
are needed to produce after effects on corticomotor excitability 2 and that prolongation of
stimulation within specific windows can prolong after-effects 9991, But these dose-response
relationships have been less frequently studied for other brain areas 9293 and have yielded
somewhat divergent results. This also applies to the concurrent tES-fMRI approach 27

We recommend that the timeline of experimentation is reported in detail together with other
design related information, such as counterbalancing of scans for within-subject studies, and
whether subjects are repositioned in between scan runs should also be reported. This level of
detail helps the reader to evaluate the results in the appropriate context and will enable the
replication of techniques by other researchers.

For concurrent tES/fMRI studies, besides the importance of reporting the timing of tES
relative to the timing of fMRI, it is also important to report the precise timing of tES
within a particular fMRI imaging sequence (item 3.2, average rating score: 4.09). This is
critical in order to assess the temporal relationship between tES and physiological activity
acquired from fMRI, particularly in scenarios where the stimulation itself is dynamic (e.g.,
tACS, or during the ramping up/down of tDCS), which may then lead to different dynamics
in fMRI-recorded physiological activity. For example, in a tDCS-fNIRS (functional near-
infrared spectroscopy) study on a small sample of stroke patients, anodal tDCS resulted

in non-stationary changes in blood oxygenation at the start of stimulation, possibly due

to stimulation-induced changes in blood vessel dilation or neurovascular coupling 94.95,
This issue deserves additional consideration in block designs where stimulation is applied
in an on-off-on sequence. Here, physiological effects obtained by fMRI could possibly
further be confounded by carryover or homeostatic effects due to repeated stimulation 9697,
Researchers interested in employing such a block design or repeated-stimulation approach
may want to consider assessing the temporal stability of their stimulation protocol on the
fMRI signal of interest. In all cases, the experts advise that care should be taken to report the
precise stimulation start time in relation to the start of the imaging sequence, and a diagram
or schematic be included along with the methodological description in order to provide
maximum clarity to readers.

Reporting tES-associated sensations is crucial when using tES in any experimental or
clinical setting, both for safety and methodological reasons. This item was rated with 4.06
which shows a high agreement within the panel regarding its relevance when reporting the
methods in tES-fMRI studies. Different stimulation protocols can induce different sensory
experiences and associated brain activity changes, which can in principle be confounded
with true direct tES effects. Experimenters should consider this as a possible confound,
e.g., when comparing between stimulation protocols and/or montages. For example, in the
case of tACS, cutaneous sensation and phosphene perception, i.e., perceiving an illusionary
flash-like light evoked by electric or magnetic pulses, are frequency-specific 98 and also
differ between brain states (e.g., lighting conditions, eyes-open vs eyes-closed 51.99),
Moreover, phosphene intensities have been shown to correlate with tACS-induced BOLD
signal changes in the insular cortex, during 10Hz stimulation °1. In addition to phosphenes,
or cutaneous sensations, different tES montages can potentially induce different levels of
discomfort, especially while participants are lying in the MRI (e.g., depending on the
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distance between the electrodes and the RF coil and also on electrode location (e.g., if
located on the back of the head)). When interpreting tES effects, it is important to carefully
evaluate associated experiences to separate secondary from direct tES effects.

Reporting tES-associated sensory experiences is also crucial for safety reasons (see also
section 4.2, subjective intolerance item). Asking participants to report on several factors
such as electric current tolerance, headache, nausea, burning sensation, and pain can help
experimenters to better monitor unwanted tES side effects, which will help to guarantee
the safety of concurrent tES-fMRI protocols. Therefore, we recommend to assess and
report tES-associated experiences before, during, and/or after tES (as appropriate). As
stated in Table 3, we specifically recommend that: (1) tES associated sensory experience
(e.g., tactile sensation, phosphene perception, burning sensation, and others) should be
reported using rating scales or questionnaires (e.g., 89-100); additionally, participants should
report whether they can differentiate between active and sham stimulation conditions (to
assess the effectiveness of blinding whenever appropriate). The latter could be done by
asking the participants to assign conditions in a forced choice manner. This would allow
testing whether they perform above chance level in detecting real stimulation, even when
consciously not being able to state a difference. (2) Electric current tolerance should be
reported before entering the scanner room (if technically possible), inside the scanner, and/or
before/during scanning (as appropriate). (3) Experimenters should report any instructions
or additional training/tests that were conducted before the tES-fMRI session to make the
experiment more suitable for the participant.

Conclusion

The ContES checklist is a consensus-based product, which aims to promote best practices
in reporting the relevant methodological details of concurrent tES-fMRI studies. We hope
that the ContES checklist will encourage researchers to consider the scientific reasoning
behind each methodological choice more thoroughly and report detailed methodological
parameters of their studies more completely. This will improve the technical and scientific
standard of concurrent tES-fMRI studies, and also help with the interpretability of the
results and the reproduction of experiments. This checklist could also be useful when
concurrent tES-fMRI study protocols are being designed and methodological parameters
decided upon. Addressing the checklist in pre-registered protocols will enhance the scientific
rigor and increase the replicability of protocols. As technological and methodological
aspects of concurrent tES-fMRI studies diversify and the field advances over time, the
steering committee of the checklist will work on future versions of the checklist to

keep its details up-to-date. To ensure the feasibility of checklist application, we suggest
considering reporting the “items” (Supplementary Table 6) as a “routine” requirement

in concurrent tES-fMRI studies, and consideration of “additional recommendations” as
“suggestions” to improve the methodological design and reporting of concurrent tES-fMRI
studies (Supplementary Table 7). As with any checklist, the exact importance of each

item will ultimately differ for each study, and it is the responsibility of the investigator,
with support from regulatory and supervising bodies, to adapt the standards appropriately.
It is impossible to anticipate every possible experimental set-up, equipment, or subject
characteristic, and how these factors interact to influence important methodological and
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reporting considerations. Nonetheless, the development of generalized checklists provides
standards and references for the research field, and a common language to discuss
methodological and reporting concerns with a baseline framework. Ultimately, the impact
of this checklist will depend on its use by authors, reviewers, and editors in the reporting,
editing, and peer-review processes.
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Extended Data Fig. 2. Relationships between reporting score and publication context.
a, Relation between reporting score of each article with its word count (Note: Article word

count is not exactly accurate, since it is measured by counting the words from the beginning
of the introduction to the end of the discussion part, thus it might include the running title of
each page, footnotes, and the captions of figures and tables). b, Relation between reporting
score of each article with its journal word limit (Note: word limitation for journals with no
word limitation is counted as 15000). ¢, Relation between reporting score of each article
with journal impact factor. d, Article reporting scores across the years. Relationships of
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figure a, b, and ¢ were assessed using linear regressions, while a Kruskal-Wallis test was
performed for figure d.
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Concurrent tES-fMRI
(n=57 studies)

v v
] Expert Panel Steering Committee [
(n=49) (n=13)

Initial Checklist Development

]
v v
16 Items Endorsed in 28 Recommendations
Revision Phase Endorsed in Revision Phase
' v
> Checklist Revision Phase ¢
(n=49 EP, n=13 SC)
!
Summarizing Comments
and Developing Checklist
]
L 4 v
17 Items Endorsed in 42 Recommendations
Rating Phase Endorsed in Rating Phase

v v

Checklist Rating Phase
(n=45 EP, n=9 SC)

!

Analysis and Reporting

Figure 1. Flowchart diagram of the Delphi processto develop the checklist.
The Delphi process started with members of the steering committee defining the research

problem. Then the field of concurrent tES-fMRI studies was systematically explored to find
eligible people to invite to the steering committee and expert panel. The checklist was then
developed by the steering committee and then was sent for revisions to the expert panel.
After this phase the checklist was revised by the steering committee and then was sent for
the rating phase. At the final stage, the ratings were analyzed. “n” indicates the number of
participants in each group.
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Category 1: Technological Factors

1.1. Manufacturer of MR Conditional Stimulator

1.2. MR Conditional Electrode Details

1.3. Electrode Positioning

1.4. MR Conditional Skin-Electrode Interface

1.5. Amount of Contact Medium (Paste/Gel/Electrolyte) 1,1
1.6. Electrode Placement Visualization t

1.7. RF Filter

1.8. Wire Routing Pattern 1

1.9. tES-fMRI Machine Synchronization/Communication
Category 2: Safety and Noise Tests

2.1. MR Conditionality Specifics for tES Setting

2.2. tES-fMRI Setting Test - Safety Testing

2.3. tES-fMRI Setting Test - Subjective Intolerance Reporting
2.4.tES-fMRI Setting Test - Noise/Artifact

2.5. Impedance Testing

Category 3: Methodological Factors

3.1. Concurrent tES-fMRI Timing

3.2. Imaging Session Timing

3.3. tES Experience Report

0% 20% 40% 60%
I

|
!
80% 100%

Extremely Important Highly Important Moderately Important Slightly Important Not Important

Figure 2. Collected responses from contributor s regar ding the importance of the main items
(rating phase).

This figure depicts the rating of the checklist items by 54 respondents in the rating phase.
Each item was rated from 1-5 (not important-extremely important). 14 items reached the
80% threshold (rated as either moderately, highly, or extremely important by more than 80%
of the respondents). The items that did not reach this threshold are marked with "1"). 16
items reached the 70% threshold (rated as either moderately, highly, or extremely important
by more than 70% of the respondents). The one item, which did not reach this threshold is
marked with "1". Full text of the items is provided in Tables 1-3.
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Category 1: Technological Factors
1.2.1. MR Conditional Electrode Conductive Properties
1.3.1. Electrode Positioning for Improving Reproducibility
1.3.2. Level of Localization of Electrode Position
1.83.3. Method for Individualized Electrode Positioning
1.3.4. Reproducibility of Localization of Electrode Position in Multiple tES Sessions
. Securing Electrode Placement inside Scanner
. Electrode Cable Placement inside Scanner
. Post hoc Validation of Electrode Positioning
. MR Conditional Skin Electrode Interface Visualization
. MR Conditional Skin Electrode Interface Control
. Control of Amount of Contact Medium #
. Attenuation Characteristic of RF Filter #
. Restrictions Regulations for RF Filtering Method #
. Cable Testing inside Scanner
. MR Safe Cable Details
3. Securing Cables Filter Boxes during Imaging
4. Wire Routing Pattern Modifications from Manufacturer Recommendations
1.8.5. Restrictions Regulations for Wire Routing Pattern #
1.9.1. tES MRI Synchronization
Category 2: Safety and Noise Tests
2.1.1. MR Technical Specifications
2.1 .2 MR Conditionality Specifications based on tES Manufacturer Guideline
2.3.1. Safety Tests for tES fMRI Setting
2.3.1. Safety Incidents for tES fMRI Setting
2.3.1. Reasons for Subjective tES fMRI Intolerance
2.4.1. Manufacturer s Statement for Signal to Noise Ratio
2.4.2. Exclusion Criteria from Data Analysis Atrtifact
2.4.3. Quantification of Artifact Noise Caused by Task fMRI Devices
2.4.4. Quantification of Artifact Noise Caused by tES Setup with Pre tES fMRI
2.4.5. Image Processing Assessments for tES Induced Imaging Artifacts
2.5.1. Characteristics of Impedance Recorded
2.5.2. Current Delivered Assessment inside Scanner
Category 3: Methodological Factors
3.1.1. Schematic Diagram for Concurrent tES fMRI Timing
3.1.2. Carry Over Effects for Stimulation Condition Brain State
3.2.1. Timing of Imaging Events
3.2.2. Placement Time of tES Setup on Subject
3.2.3. Frequency Matching for tACS Studies
3.3.1. Assessment of tES Subjective Experience inside Scanner
3.3.2. Electric Current Tolerance
3.3.3. Training for Subject Convenience before tES fMRI Session
3.3.4. Subjective Experiences Questionnaires of Receiving tES inside Scanner
3.0.1. Handedness
3.0.2. Electrode Placement Verification

- Yes No

Figure 3. Collected responses of the contributorsregarding theimportance of recommendations
(rating phase).

Each additional recommendation was rated either “Yes” or “No” with respect to the question
of whether it should be included as a recommendation. The recommendations rated with
Yes by fewer than 50% of the respondents are marked with “#”. Recommendations are
represented by their summary in the figure. Full text of the recommendations is provided in
Tables 1-3.
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Category 1: Technological Factors

1.1. Manufacturer of MR Conditional Stimulator

1.2. MR Conditional Electrode Details

1.3. Electrode Positioning

1.4. MR Conditional Skin-Electrode Interface

1.5. Amount of Contact Medium (Paste/Gel/Electrolyte)
1.6. Electrode Placement Visualization

1.7. RF Filter

1.8. Wire Routing Pattern

1.9. tES-fMRI Machine Sync i /Communication
Category 2: Safety and Noise Tests

2.1. MR Conditionality Specifics for tES Setting

2.2, tES-fMRI Setting Test - Safety Testing

2.3, tES-fMRI Setting Test - Subjective Intolerance Reporting
2.4, tES-fMRI Setting Test - Noise/Artifact

2.5. Impedance Testing

Category 3: Methodological Factors

3.1. Concurrent tES-fMRI Timing

3.2. Imaging Session Timing

3.3, tES Experience Report

Frequency

Page 35

T T
0% 25% 50% 75% 100%

Articles that report a checklist item (%)

T
0% 24% 29% 35% 41% 47% 53% 59% 65% 71% 76% 100%
Checklist items reported in a article (%)

Figure 4. State of reproducibility/transparency in concurrent tES-fMRI research in the context

of the ContES checklist.

Assessments by 3 independent raters are based on 57 tES-fMRI papers, from the first
published study up to January 1, 2020. a, Percentage of the articles that adhered to each

checklist item. b, The checklist items adhered to by the 57 articles.
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J

Figure 5. Scheme of the concurrent tES-fMRI approach in the context of the ContES checklist.
(a) Summary of technological considerations. MR conditional stimulator (1, item 1.1)

is connected to the head through RF waveguide or RF penetration panel (7, item 1.7).
Box cable should be aligned with the wall of the scanner room and run parallel to the
bore axis (8, item 1.8). MR conditional stimulator is connected to the outer filter box or
RF band-stop filter adapter as well as to the presentation computer trigger output cable.
Synchronization module (9, item 1.9) should be connected to the presentation computer
as well as to the MRI control computer. Electrode positioning (3, item 1.3) is used to
accurately stimulate cortical target regions and exert neuromodulatory effects. A method
allowing quantification of contact medium (e.g., syringes) should be used to achieve a
consistent and appropriate amount of contact medium (5, item 1.5). MR conditional skin-
electrode (e.g., saline solution, conductive paste, gel) (2, item 1.2) is used to facilitate
delivery of current to the scalp (4, item 1.4). Electrode placement visualization can be
used to reproducibly center each electrode on the head so that intrascanner stimulation
allows verification of correct positioning of the electrodes on the head (6, item 1.6). (b)
Summary of safety considerations. MR Conditionality Specifics for tES Setting include
the technical specifications of the MR scanner, the applied fMRI sequences, and the used
tES settings and configuration to fall within the specifics of MR conditionality based on
tES manufacturer guideline (10, item 2.1). The Safety of the tES-fMRI Setting includes
electrode temperature testing, electric current tolerance testing, etc. with real human subjects
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or phantoms (11, item 2.2). tES-fMRI Setting Test — Subjective Intolerance Reporting shows
the number of cases that have not tolerated the tES-fMRI session (12, item 2.3). tES-fMRI
Setting Test - Noise/Artifact shows the noise/artifact induced by the tES setting in the fMRI
signal with real human subjects or phantoms before starting the study (13, item 2.4). The
impedance is monitored before entering the scanner room and/or in the scanner room and/or
inside the scanner and/or during scanning (14, item 2.5). () Summary of methodological
consider ations. Concurrent tES-fMRI Timing shows the timing of concurrent tES within
the fMRI paradigm (15, item 3.1). Imaging Session Timing shows the imaging events before
and after concurrent tES-fMRI and respective sequences (16, item 3.2). tES Experience
Report includes the assessment of the subjective experience of receiving tES inside the
scanner (17, item 3.3).
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Concurrent tESfMRI (ContES 2021) Checklist: main items and recommendations of the
TECHNOLOGICAL FACTORS category toreport in concurrent tES-fMRI research.

Ratings for items (scores 1-5) are reported as mean (standard deviation) and ratings for recommendations
(YYes/No) are reported as frequency of Yes (percent of Yes reports).

; Item .
Categories/Sub- . - ’ Recommendation
Categories Main Itemsto Report Im(piotrota%r;ce Specific Recommendation Inclusion (Yes/No)
Mean (SD) Yes (%)
TECHNOLOGICAL
FACTORS
The brand and model (if a
1.1. Manufacturer brand is providing different
of MR Conditional MR conditional models) 4.37 (0.96)
Stimulator for the MR conditional
stimulator.
1.2.1. Report conductive properties of
the MR conditional electrodes, cables,
contact medium, and other conductive
. elements, including the position and
The MR conditional materials used for the electrode-cable
1.2. MR Conditional electrode type (i.e., connections . This is especiall
- . conductive polymer with or 406 (1.01) § I, y 44 (85%)
Electrode Details 9 important if they are not from an
without a sponge or other established manufacturer or not well
conductive medium holders). o e
described in the prior literature. However,
even for wellestablished equipment, these
details are critical to report to ensure
replicability.
1.3.1. Report electrode positioning
as precisely as possible to facilitate
reproduction. It is usually inadequate o
to simply report an anatomical target, 51 (100%)
for example, “the anodal electrode was
placed over M1”.
The method for electrode 1.3.2. Report whether electrode
placement over the head positioning is based on the individual
inside the scanner (i.e., anatomy or a group template if imaging 49 (98%)
1.3. Electrode targeting software, 10-20 4.83 (0.60) or head modeling is used for electrode
Positioning convention with or without ' ' positioning.
EEG cap, functional targeting
(fMRI), computational head 1.3.3. Report how electrode positioning
models or others). is performed at the individual
participant level. For example, was a 49 (96%)
neuronavigation system used or the EEG
10-20 system or something else.
1.3.4. Report the methods to ensure that
the same electrode locations were used 48 (94%)
again if there are multiple sessions.
1.3.5. Report clearly how the electrodes
are held in place inside the scanner o
including use of headgear or customized 42 (86%)
supports.
1.3.6. Report how electrodes and their
connecting cables over the head are
located in relationship to the MR head
coil while the subject is laying down
inside the scanner and how the head was 37 (73%)

held in place - e.g., pillows, foam, etc.

to ensure that position of head/electrodes
remain in the same place during the scans
while the convenience of the participant
is ensured.

Nat Protoc. Author manuscript; available in PMC 2022 May 03.



Ekhtiari et al.

Page 39

. Item :
Caéegtc;rg;gfi/ijb— Main Itemsto Report Importance Specific Recommendation I??S?omn%g;\?g)
(1to5)
'['I"I Mean (SD) Yes (%)
c 1.3.7. Report a post-hoc validation
o of the electrode positioning based on
=) anatomical images with the electrodes
D in place if practical. For optimal
U validation, current density models based
< on anatomical images may be used
(@) (e.g., ROAST, SIMNIBS, etc.). It would 27 (54%
M be even better to directly measure the (54%)
c electric fields using magnetic resonance
= current density imaging (MRCDI) and
% MR electrical impedance tomography
T (MREIT) 101 however, MREIT and
> MRCDI are still not available in most of
= the institutes.
—+
C——; 1.4.1. Report a photo or a schematic
= figure or technical details showing in
Z a reproducible way how the electrode
> with the MR conditional skin-electrode
= interfac_e is co_nnected to the cranium 32 (64%)
% The MR conditional skin- (including a view from the underneath
o 1.4.MR electrode interface (saline of the electrode if needed). If headgear
Q o .
=. Conditional Skin- solution. conductive paste 4.09 (0.90) or headstraps obscure the electrodes,
=t Electrode I nterface ’ paste, you may provide an image without the
(%2} gel, etc.). headstra
ps.
1.4.2. Report any other MR-specific
strategies to restrict the contact medium
(such as within an electrode holder) to 36 (72%)
avoid short circuits.
1.5.1. Report technical details/difficulties
in measuring the thickness of the layer
of conductive material underneath the
-‘ electrodes and how cream/gel underneath
the electrodes is evenly distributed.
rcn Although this can be important, mainly
= The amount or thickness of when having big electrodes, in practice,
(@) 1.5. Amount of medium that is used for the amount of cream/gel underneath the
_8 Contact Medium each electrode or a method 2.91 (1.13) electrodes may not be evenly distributed. 21 (40%)
] (Paste/Gel/Electrolyte to control this confounding Developing new methods to measure,
Z variable control, and report this important variable
are desired. Reporting the impedance
@) (before, during, and after stimulation)
T provides insight on electrode contact
% quality, but is not in itself a substitute for
o controlling and reporting contact medium
@ parameters.
(%)
> Any photo/diagram/figure
- 1.6. Electrode to precisely visualize the
= Placement electrode montage inside the 3.56 (1.17)
o Visualization scanner and make replication
= possible.
QZ, The RF filtering method 1.7.1. Report the attenuation 25 (50%)
> (stimulator device connected characteristic of the RF filtering. 0
% to the subject via penetration
Q 1.7. RF Filter ?aneld(gf.fg., Rbellte(;S 3.50 (1.07) 1.7.2. Report any potential regulatory
—é_ ’ cg)nmnecltegr\?inf:wg]egsgigg consideration/limitation at the institute/ 13 (27%)
7 with RF boxes on either end). university/country level.
1.8.1. Report whether/how the state of
Wire routing pattern (out the cables is checked after the subject 29 (58%
1.8, Wire Routing back of bore and around entering the scanner to avoid creating any (58%)
P.at.tern the control room or straight 3.43 (1.22) loops.
down front of bore to control
room). 1.8.2. Report the length of the cables 31 (61%)

required to connect inner with outer box
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Item
Main Itemsto Report Importance
(1to5)

Categories/Sub-
Categories

Specific Recommendation

Recommendation
Inclusion (Yes/No)

Mean (SD)

Yes (%)

using box cable, how the cables are
connected to the electrodes, in which
direction the cables are leaving the

head, how multiple connecting cables are
managed together, and depending on the
geometry of the head coil, how the cables
are entered into the coil. A sketch might
be helpful to visualize these details.

1.8.3 Report how the cables and filter
boxes are secured to prevent motion
during the scan (i.e., sandbag, tape, etc.).

29 (59%)

1.8.4. Report if there are any
modifications from manufacturer
recommendations.

39 (78%)

1.8.5. Report any potential regulatory
consideration/limitation at the institute/
university/country level.

14 (29%)

The synchronization/
1.9. tESfMRI Machine  communication method
Synchronization/ between the tES device, the 3.70 (1.09)
Communication stimulus delivery PC, and the

scanner.

syduosnuelA Joyiny sispun4 DA @doing ¢

1.9.1. Report any synchronization
between tES and MRI. Synchronization/
communication can be TTL scanner sync
pulse to trigger/sync (tES and/or non-
tES) stimulus recorded via USB/parallel
port/NI device; use of markers for tES, or
manual triggering of the TES device.

49 (96%)
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Table 2
Concurrent tESfMRI (ContES 2021) Checklist: main items and recommendations of the

SAFETY and NOISE TESTS category toreport in concurrent tES-fMRI research

Page 41

Ratings for items (scores 1-5) are reported as mean (standard deviation) and ratings for recommendations
(YYes/No) are reported as frequency of Yes (percent of Yes reports).

: Item :
Categories/Sub- . . : Recommendation
Categories Main Itemsto Report Im(yic;rot%r;ce Specific Recommendation to Report Inclusion (Yes/No)
Mean (SD) Yes (%)
SAFETY and
NOISE TESTS
2.1.1. Report the technical specifications of
. P the MR scanner, including field strength, RF
prh?mgZg;ﬁaz(rzlftlﬁ:mns transmit coil type, maximal transmit power, 50 (96%)
21 MR applied IMRI sequ’ences and the number of head coil channels. Standard
Cfohditionality and the used tES settingé guidelines for proper repor_tlng onsé\élilgMRl
Specifics for tES and configuration to fall 4.37(0.99)  parameters should be considered %02,
Satting \(I:\gg(]ilir:ingISipecblgscest;n’\{(IERs 2.1.2. Report the details of MR conditionality
m anufacture?/gui deline that are demonstrated by the manufacturer of 24 (51%)
' the tES equipment for specific conditions of
use.
2.2.1. Report safety tests and respective details
which include but are not limited to impedance
testing, temperature testing (any temperature
change under electrodes) and electric current
22 tESIMRI tolerance testing, etc. with real human subjects 37 (71%)
S.et.ting Test - The safety of the tESfMRI 3.93(1.23) or phantoms. Whenever the safety testing
Safety Testing setting. is referred to a previous study_, itis stlI_I )
recommended to provide a brief description of
the safety tests that have been considered.
2.2.2. Report the occurrence/absence of any
safety incidents. 48 (96%)
éegt‘t;[nEgS%fel\gtRl The number of cases that 2.3.1. Report the reasons that participants have
~Subjective have not tolerated the tES/ 433 (0.92) not tolerated the tES/fMRI session if any (i.e., 50 (98%)
Intolerance fMRI session (even if it is ) ) burning sensation, increased temperature, pain,
Reporting zero). shortness of breath, nausea, etc.).
2.4.1. Report or cite prior analysis on the
degree to which the equipment alone, and
the equipment during stimulation affects
the SNR. Importantly, such analysis is
specific to the protocol (electrode preparation,
imaging sequence) such that claims cannot be 29 (56%
automatically generalized without analysis. For (56%)
instance, ~8% as described in 47 (... SNR was
i . . hardly reduced with decreases ranging from
The noise/artifact induced 3 to 8% for the different ROIs and setups,
by the tES setting in even in the gray matter ROI in M1 targeted by
24 tESIMRI the fMRI s!gnal with real tDCS....").
Setting Test - human subjects or phantoms 3.91 (0.99) —
Noise/Artifact before starting the study (It 2.4.2. Report how many participants, or runs
can be reported or referred were excluded from the analysis due to
to previous studies with the artifacts. Exclusion criteria should be reported 50 (96%
same setting). as well (e.g., based on visual inspection or any (96%)
data analysis tool that might detect artifacts for
single runs).
2.4.3. Report the quantification of the possible
increase in artifact or noise If the task-related
fMRI requires the use of some other devices, 32 (62%)

such as tactile/pain stimulators, olfactory or
juice machines, etc. (e.g., compare the noise/
artifacts of the tES-fMRI setup alone with
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Categories/Sub-

Categories

Item
Importance
(1tob)

Main Itemsto Report

Specific Recommendation to Report

Recommendation
Inclusion (Yes/No)

Mean (SD)

Yes (%)

SAFETY and
NOISE TESTS

the tESfMRI setup with the addition of the
respective device).

2.4.4. Report baseline “pre-tES” fMRI as a
part of the data acquisition sequence in the
imaging session to investigate the effects/noise
introduced by the tES setup per se (without any
stimulation and within subject). Although this
will not be sufficient to fully control for noise
induced by tES administration with problems
such as scanner drift, and the order effect.

34 (67%)

2.4.5. Report any special fMRI processing
measures or assessments that are used to
deal with tES-induced imaging artifacts if
applicable.

50 (96%)

2.5. Impedance
Testing

Impedance monitoring (i.e.,
before entering the scanner
room and/or in the scanner
room and/or inside the
scanner and/or during
scanning).

4.17 (1.00)

2.5.1. Report the impedance (i.e., cut off
criterion programmed in the device, or
measures on an individual basis with mean/
range across groups before, during, and after
scanning).

45 (88%)

2.5.2. Report the methods applied to verify the
current delivered inside the scanner (if any).
Some devices already include an independent
current meter and some investigators use their
own external devices.

42 (82%)
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Table 3
Concurrent tESfMRI (ContES 2021) checklist: main itemsand recommendations of the

METHODOLOGICAL FACTORS category toreport in concurrent tES-fMRI research.

Ratings for items (scores 1-5) are reported as mean (standard deviation) and ratings for recommendations
(Yes/No) are reported as frequency of Yes (percent of Yes reports).

] . Item Recommendation
Categories/Sub- Main Itemsto s : :
Categories Report Im(ric;rot%?ce Specific Recommendation to Report Inclusion (Yes/No)
Mean (SD) Yes (%)
METHODOLOGICAL
FACTORS
3.1.1. Providing schematic diagrams is strongly
encouraged to achieve maximum clarity for the 46 (90%)
The timing of reader.
3.1. Concurrent tES- concurrent tES 452 (0.81)

fMRI Timing within the fMRI 3.1.2. Report carry-over effects between different
paradigm. stimulation conditions and different brain states.
How such effects have been considered or

mitigated should be discussed.

42 (86%)

3.2.1. Report the exact timing of all imaging
events (structural or functional) before and after 47 (92%)
concurrent tES-fMRI.

3.2.2. Report when the tES setup is placed on the
participant e.g., if the tES setup was placed on

Thenitmggfin? the participant at the start of the tES-fMRI session 50 (96%)
:XZ aitef ore (and was therefore on the participant during other
_?F.i%:rr:;aglng Session concurrent tES- 4.09 (0.99) nonfMRI sequences).
fMRI and 3.2.3. In tACS studies, report how stimulation
respective frequency is matched with TR. To reduce potential
sequences. sources of biases in tACS-fMRI studies, the

stimulation frequency should be set such that a full
number of cycles fits into the TR of the functional
measurement 36 (post-mortem study). Otherwise,
the tissue polarization might be averaged over the
time of one volume measured.

43 (88%)

3.3.1. Report the general experience (comfort/
fatigue) and participant's other experiences with
the stimulation - as some tES montages/protocols
might be more uncomfortable/perceptible than
others when lying inside the scanner and

this could be a confounder when comparing
across stimulation montages. Options include:
assessing participant ratings of symptoms for
each condition, asking participants whether they
perceived stimulation or not for each condition, 47 (90%)
reporting on the presence and intensity of

The assessment phosphenes/tactile sensation (in the case of

3.3. tESExperience

Report

of the subjective
experience of
receiving tES
inside the
scanner.

4.06 (0.97)

tACS), etc. This is important as it could show
whether participants can differentiate between
stimulation conditions (e.g., between active and
sham stimulation, or between different frequencies
(in the case of tACS). Having different side effects
between sessions does not necessarily mean that
subjects can discern and are unblinded.

3.3.2. Report electric current tolerance for subject

comfort (i.e., before entering scanner room (if

technically possible) and/or in the scanner room 26 (51%)
and inside the scanner and/or during scanning (as

appropriate)).

3.3.3. Report any instructions, training, or

exposure provided before the tES-fMRI session 46 (88%)
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Categories/Sub- Main Itemsto
Categories Report

Item
Importance
(1to5)

Specific Recommendation to Report

Recommendation
Inclusion (Yes/No)

Mean (SD)

Yes (%)

to make the experiment more convenient for the
participants.

3.3.4. Report the exact wording or provide
citations of the questions or questionnaires used
to report on the subjective experience of receiving
tES inside the scanner in the article or its
supplements.

38 (73%)

General
Recommendations

0.0.1. Report handedness of subject as a potential
source of variability of tES-fMRI studies. This
interaction could be addressed in relevant contexts
either by limiting the sample to right-handed
individuals, reporting handedness with quantitative
standard instruments, or through methodological/
analytical approaches which should be reported.

41 (82%)

0.0.2. If possible, present the online tES
electrodes as additional bumps in the surface/
mesh reconstruction. This is a good possibility

to determine the exact location of the

online electrodes. However, this nonbiological
reconstruction may also influence simulations, so
performance of additional structural T1w and T2w
scans without the electrodes whenever possible is
advantageous.

28 (55%)
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