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Abstract

Smaller, more affordable, and more portable MRI brain scanners offer exciting opportunities to
address unmet research needs and long-standing health inequities in remote and resource-limited
international settings. Field-based neuroimaging research in low- and middle-income countries
(LMICs) can improve local capacity to conduct both structural and functional neuroscience
studies, expand knowledge of brain injury and neuropsychiatric and neurodevelopmental
disorders, and ultimately improve the timeliness and quality of clinical diagnosis and treatment
around the globe. Facilitating MRI research in remote settings can also diversify reference
databases in neuroscience, improve understanding of brain development and degeneration across
the lifespan in diverse populations, and help to create reliable measurements of infant and

child development. These deeper understandings can lead to new strategies for collaborating

with communities to mitigate and hopefully overcome challenges that negatively impact brain
development and quality of life. Despite the potential importance of research using highly portable
MRI in remote and resource-limited settings, there is little analysis of the attendant ethical, legal,
and social issues (ELSI). To begin addressing this gap, this paper presents findings from the first
phase of an envisioned multi-staged and iterative approach for creating ethical and legal guidance
in a complex global landscape. Section 1 provides a brief introduction to the emerging technology
for field-based MRI research. Section 2 presents our methodology for generating plausible use
cases for MRI research in remote and resource-limited settings and identifying associated ELSI
issues. Section 3 analyzes core ELSI issues in designing and conducting field-based MRI research
in remote, resource-limited settings and offers recommendations. We argue that a guiding principle
for field-based MRI research in these contexts should be including local communities and research
participants throughout the research process in order to create sustained local value. Section 4
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presents a recommended path for the next phase of work that could further adapt these use cases,
address ethical and legal issues, and co-develop guidance in partnership with local communities.

Keywords

Portable MRI; Neuroimaging; Neuroethics; Low- and middle-income countries (LMICs);
International research

Introduction

The emergence of smaller, more affordable, and more portable MRI scanners (O’Reilly
etal., 2021; Sarracanie et al., 2015; Wald 2019) offers exciting opportunities to address
unmet research needs and long-standing health inequities in remote and resource-limited
international settings (Cooley et al., 2020; Geethanath and Vaughan 2019). Field-based
neuroimaging research in low- and middle-income countries (LMICs) can improve local
capacity to conduct structural and functional neuroscience studies, expand knowledge of
brain injury and neuropsychiatric and neurodevelopmental disorders, and ultimately improve
the timeliness and quality of clinical diagnosis and treatment around the globe (Dasgupta et
al., 2016; Hussain 2015; Illes et al., 2020; Mollura and Lungren 2019).

Portable MRI may be especially valuable for expanding research to remote and resource-
limited settings because MRI currently remains costly and relatively immobile (World
Health Organization 2017). Even large-scale international neuroimaging projects such as
the Enhancing Neurolmaging Genetics through Meta-Analysis (ENIGMA) project (Palk

et al., 2020; Thompson et al., 2020), the United Kingdom Biobank Imaging study (UK
Biobank 2019), and MRI studies of young children in the Drakenstein Child Health Study
(DCHS) include only participants who can travel to fixed scanners in urban medical centers
(Wedderburn et al., 2020). Portable MRI research may provide sustained local benefits in
multiple ways, including by improving local expertise for future introduction of accessible
MRI for clinical uses.

Facilitating MRI research in remote and resource-limited settings can also diversify
reference databases in neuroscience by enlarging the range of populations represented
(Cirillo et al., 2020; ISMRM 2021), improving understanding of brain development and
degeneration across the lifespan in diverse populations, and helping to create reliable

and generalizable measurements of infant and childhood development (Katus et al., 2019;
Wedderburn et al., 2020). These deeper understandings can lead to new strategies to help
remote communities mitigate and hopefully overcome challenges that negatively impact
brain development and quality of life. However, there is currently limited analysis of the
ethical, legal, and social issues (ELSI) posed by field-based MRI research (llles et al., 2020;
Shen et al., 2020). The first Workshop on Accessible MRI for the World, hosted in 2019
by the International Society for Magnetic Resonance in Medicine (ISMRM) in New Delhi,
India, concluded that ELSI guidance was urgently needed (Geethanath et al., 2019).

To advance work on these ELSI issues, we conducted a structured, year-long neuroethics
analysis, embedded within a larger collaborative project funded by the U.S. National
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Institutes of Health (NIH) Brain Research through Advancing Innovative Neurotechnologies
(BRAIN) Initiative (Imaging Human Brain Function with Minimal Mobility Restrictions,
NIH 3U01EB025153-03S1). The primary focus of the ELSI analysis was on field-based
MRI research in remote and resource-limited international settings, when that research is
led, or involves significant participation from, research teams that are not based in the local
community.

The goal of this first stage of ELSI analysis was to identify likely applications of this
emerging highly portable MRI technology, the ELSI issues raised, and potential solutions.
This work sets the stage for more expansive exploration with a broader set of stakeholders.

To conduct this first-step analysis, we assembled a multi-disciplinary Working Group
including 10 scientists with experience conducting neuroscience research in remote or
resource-poor communities, mostly outside the U.S., with limited access to nearby scientific
and medical expertise. Many of these research projects have taken place in remote field
settings far from a major health center. Many crucial perspectives need to be further
incorporated to develop more formal guidelines and broad consensus documents. Future
work will need to more directly involve prospective participants and their communities in
the co-creation of ethical guidelines.

Our analysis builds on a related prior study of ELSI issues in field-based MRI research
within the United States (Shen et al., 2020). Here we focus on field-based, structural and
functional MRI research in remote and resource-limited international settings beyond the
United States. These settings include LMICs, as defined by the World Bank (2020) and
“resource-limited” contexts—communities with limited access to health care treatment and
facilities, poor infrastructure, lack of trained health care professionals, and lack of adequate
medical equipment (Vasco et al., 2019, Table 2).

Section 1 provides a brief introduction to the emerging technological developments

for field-based MRI research. Section 2 presents our methodology for identifying

plausible use cases and associated ELSI issues, as well as our survey results. Section 3
analyzes and provides recommendations for addressing core ELSI issues in designing and
conducting field-based MRI research in remote, resource-limited settings. Section 4 presents
recommendations for next steps in developing ethical and legal guidance.

Technological developments enabling field-based MRI research

Multiple highly portable MRI technologies are being developed to enable field-based
structural and functional research (Cooley et al., 2020; Huang et al., 2019; Marques

etal., 2019; O’Reilly et al., 2020; Sarracanie et al., 2015; Stopczynski et al., 2014;

Ward et al., 2019). See Fig. 1. This next-generation MRI technology promises to

allow MRI data acquisition at the push of button, and whole-brain structural scans in

less than 10 minutes. The research teams developing these technologies are wrestling

with a fundamental challenge: how to ensure sufficient field strength and satisfactory

image resolution and signal-to-noise ratio, while simultaneously reducing magnet size,
reconfiguring scanner design, minimizing safety risks, and lowering costs. To be deployable
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in remote geographical settings, the system must also be easy to set up, operate, take

down, relocate, and maintain (Geethanath and Vaughan 2019), including when faced with
infrastructure challenges such as power outages (Fatade 2021). Successful data management
will require advances in MRI hardware and related data analytic methods, including transfer
of data to cloud-based platforms for analysis often aided by artificial intelligence (Al), and
innovations to allow for easier and even remote control of the MRI scanner.

Innovations in MRI hardware and data analysis methods

A variety of innovative approaches can be used to facilitate structural and functional MRI
research in the field. One approach would place low-cost, high-field fixed scanners in
multiple locations in under-resourced remote settings, such as rural hospitals. Here we
define “high field” as 1.5T-3.0T (with “ultra-high field” defined as > 3.0T). The high-field
portable devices would require an RF-shielded room and infrastructure for cooling, but
researchers could conduct MRI studies from a distant central location, with personnel using
remote controls to operate the scanners in the field. Functional scanning techniques are
also being developed that allow research participants to sit upright and move their limbs
(Garwood et al., 2020, see Fig. 1a).

In addition to high-field approaches, several low-field MRI approaches are in development
(Marques et al., 2019; McDaniel et al., 2019; O’Reilly 2020; Wald et al., 2019). We define
“low-field” as 0.1T - 0.5T (with “ultra-low field” defined as < 0.1 T). Ultra-low field devices
include the FDA pre-market approved Lucy Point-of-Care Magnetic Resonance Imaging
Device (“Swoop™™) developed by the U.S. company Hyperfine (Mills 2020, see Fig. 1b)
and the prototype “tabletop MRI” on a cart (Cooley et al., 2020, see Fig. 1c), while low-field
scanners include the prototype ring-pair permanent magnet array portable scanner (Ren

et al., 2019a, 2019b, see Fig. 1d). These three scanners are significantly more portable

than high-field options, but these smaller devices have lower maximum field strengths
(Sarracanie and Salameh 2020), limiting the resolution quality of resultant MRI images due
to a lower signal-to-noise ratio. However, because the magnetic field is not as strong as with
fixed scanners, shielding the scanner within a protected room or building is not necessary.
Eliminating the requirement of an RF-shielded room permits the device to be deployed in
new locations, and the reduced field strength decreases safety risks associated with metal
objects and implants.

The challenges of data acquisition in traditional fixed MR scanning —such as too much
head motion —remain challenges in the portable MRI context. One particularly vexing
issue for portable MRI is ensuring that there are uniform data acquisition procedures across
geographically dispersed study sites. This issue of harmonizing data across performance
sites is presently being addressed by several large-scale multi-site imaging studies using
fixed MRI, such as IMAGEN (Mascarell Marici¢ et al., 2020) and the Adolescent Brain
Cognitive Development (ABCD) study (Casey et al., 2018). The data acquired by portable
machines will have lower signal-to-noise ratio than fixed 1.5T and 3T scanners, and thus
will require corresponding advances in data analysis methods to extract signal from the data
(Geethanath and Vaughan 2018). For instance, iterative image reconstruction methods using
cloud-based systems may be required (Wald et al., 2019).
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1.2. Developments in MRI software for remote control of scanners

Portable MRI scanners are being designed so that they can be effectively operated in remote
field settings, even with little or no prior local expertise performing MRI scanning. Two
developments that may facilitate such use are (1) reducing the technical skills needed to
operate the scanner, such as through an effective user-interface for the local technician
acquiring the data; and (2) developing “autonomous MRI” (AMRI) software that can operate
MR scanners remotely (Ravi and Geethanath 2020). AMRI remains in a proof-of-concept
phase, but a combination of AMRI and open-source tools may soon allow an MRI scanner
to be controlled via a remote web interface (Tong et al., 2019). In this way, specialists

could interface directly with a scanner in a different location, even a location in a different
country. Clearly, this scenario would raise questions regarding pragmatics, safety protocols,
the nature of researcher interactions with participants, and how the ethics and law of both
locations might apply.

1.3. Scanner setup in the field

There is presently “no consensus on the best approach for adapting MRI to portable and
POC [point of care] use” (Salameh and Sarracanie 2020, p. 3) and no consensus guidance on
how best to approach the reduced, but not eliminated, safety risks associated with highly
portable low-field scanners. The American College of Radiology’s (ACR) five “safety
zones” restrict access to fixed, RF-shielded MRI rooms (Expert Panel on MR Safety 2013).
But the ACR zones as typically established in a medical/research facility are not applicable
to portable MRI equipment with much different magnetic fields and Gauss lines. Indeed, one
likely benefit of portable MRI scanners is reduced need to screen patients, family members,
and medical staff prior to entering the portable MRI environment.

In fixed MRI scanning, Zone 3 is restricted access and requires a “privacy barrier so that
unauthorized persons cannot view control panels.” Zone 4 is the scanner room, where
the participant alone will be located during data acquisition. ACR guidance emphasizes
that Zone 3 “should be physically restricted from general public access” and that there
“should be no exceptions to this guideline.” But with portable MRI machines, others
may be standing within mere feet of the machine. If safety protocols are not effectively
communicated in local languages, there is a potential for onlookers to misunderstand or
minimize safety requirements.

2. ldentifying and addressing ELSI issues: project methods and survey
results

2.1. Interdisciplinary workshop, follow-up survey, and development of recommendations

Approaches to the ethical development and deployment of new technology such as portable
MRI emphasize the importance of identifying and addressing ethical and legal issues
before a technology is fully developed (Guston 2014; Owen et al., 2012). Thus, while

most of these new MRI technologies are still in prototype and proof-of-concept stages, we
convened a collaborative workshop with participants who have expertise in neuroimaging,
neuroscience, field-based research in resource-limited settings, engineering, physics, Al
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and machine learning (ML), neurodevelopment, psychology, ethics, law and regulation,
electroencephalography, pediatrics, radiology, and neurology (see Appendix, Table Al). The
25 workshop participants were based in three continents (North America, Europe, and Asia).
Participants included 10 who had conducted neuroscience research in resource-limited
settings, mostly outside the U.S. Although many disciplines were represented, future work
should draw on additional fields such as sociology, philosophy, international development,
and social work. Moreover, as stated above, the full development of ethical guidance should
proceed in consultation with local stakeholders. A key goal of the workshop was to chart a
path toward that deeper engagement.

After the workshop was held in April 2020, a survey was designed by co-authors Shen

and Wolf to elicit from workshop participants their views on key ELSI issues posed by
field-based MRI research in remote and low-resource international settings. The University
of Minnesota IRB determined that this activity was not research involving human subjects
as defined by DHHS and FDA regulations. The survey included closed-response questions
assessing technological feasibility and open-ended questions inviting feedback on use-case
scenarios and ELSI issues. There was a 78% response rate for the survey (N = 18 of 23,
excluding the two co-authors who designed the survey). Responses were received from May
28 - June 9, 2020. The survey results were utilized as the basis for two follow-up online
meetings of the Working Group. See Appendix for details of the survey instrument.

The recommendations presented in Section 3 were developed using dialogic consensus
methods well accepted in bioethics (Moreno 2004). Those methods involved extensive
background research and syntheses shared with the participants prior to the workshop. Those
materials reviewed relevant scholarly literature in neuroethics, the ethics and regulation of
international research, and ethics of research with marginalized and vulnerable populations.
Based on that shared background material, we convened the workshop and two follow-up
meetings, iteratively developing our analyses through dialogue and progressive development
of consensus. The survey results reported below were shared with the group before the first
follow-up meeting and served as the basis for discussion and for the article’s analysis. We
circulated successive drafts of the article for feedback.

2.2. Timeline for predicted emergence of field-based research with portable MRI scanners

Field-based research with portable MRI is currently at a nascent stage. We thus asked
workshop participants to assess the technological feasibility of acquiring either structural
or functional brain MRI scans in various locations outside the lab now, within 5 years,
within 10 years, within 25 years, or never. It should be noted that the FDA 510k-cleared
Hyperfine Swoop™ device (Fig. 1b) has already been introduced to acquire structural
MRI in clinical use and research studies in multiple U.S. hospitals (Sheth et al., 2020),
and to scan COVID-19 patients in multiple hospitals (Kremer et al., 2020; Turpin et al.,
2020). In addition, Hyperfine scanners will be used to acquire structural MRI scans in
children for research on infant asphyxia and nutritional brain development in remote and
resource-limited settings, in a partnership with the Bill and Melinda Gates Foundation
(Gates Foundation 2020). However, other portable MRI technologies have not yet been
deployed in the field.
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The workshop survey results (Fig. 2) suggest that portable MRI technology, at least to
acquire structural images, could soon be available for use in locations such as doctors’
offices, community centers, psychology departments, nursing homes, and pharmacies. As
noted above, the ability to acquire MRI scans in these field-based locations will re quire
sacrificing image resolution. Thus, acquiring functional images from lower-field MRI
scanners is likely to prove much more difficult than acquiring structural images, because

of low signal-to-noise ratio and high field inhomogeneity for traditional gradient echo fMRI
(see Buckenmaier et al., 2019 for technical discussion of fMRI with ultra-low field MRI).
Finally, Fig. 2 shows that our Working Group saw a clear distinction between the feasibility
of MRI acquisition inside stable institutional environments (such as nursing homes or
pharmacies) versus more unpredictable or lower-resource environments (such as war zones,
ambulances, or remote villages).

2.3. Plausible use cases

Our workshop discussion and follow-up survey of workshop participants identified plausible
use cases for field-based MRI research in remote and resource-limited international settings.
Among the likely use cases are:

. Studies of prevalence of brain disorders (such as stroke or hydrocephalus)
and brain degeneration (such as that associated with Alzheimer’s disease) in
communities in which such data are sparse or nonexistent.

. Clinical research to examine how the introduction of low-cost MRI in remote
communities could improve clinical care, for instance by implementing MRI
screening for asphyxia and other perinatal complications in full-term and pre-
term infants.

. Research exploring the effects of nutritional, environmental, and psychosocial
adversities including disease on brain development, for example by studying
the effects of COVID-19 and other viruses on neural structure and function in
individuals from marginalized communities.

While these are only some of the likely research use cases, they highlight the potential of
field-based MRI research to advance knowledge on global brain health and disease. They
also raise a series of challenging legal and ethical questions, to which we now turn.

3. Core ELSI issues in designing and conducting field-based MRI research

in remote and resource-limited international settings

Leading ethical guidance and codes of conduct for international research in resource-poor
settings emphasize the paramount importance of two, overarching principles: ensuring that
local communities are partners in the research enterprise, and ensuring the local social
value of the research (Schroeder et al., 2019; WHO and CIOMS 2016). As compared to
general social value, defined as “important generalizable knowledge from the research,”
local social value refers to the idea that “populations that host research also ought to
benefit from the results of the research” (Barsdorf and Millum 2017). Guided by these
two overarching principles, we discuss in this section five core ELSI issues that should be
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addressed in developing guidance for field-based MRI research studies in resource-limited
contexts (see Fig. 3).

3.1. Overarching priority #1 — local partnership and sustained local engagement

Multiple ethics guidance documents make clear that when research projects involve external
research teams, the local community should be an equal partner in the research endeavor
(Amadio et al., 2018; Brownsword et al., 2008, Guidance point 3; Global Code of Conduct
for Research in Resource-Poor Settings (GCC) 2018, Articles 2, 4; Greely et al., 2018;
WHO and CIOMS 2016, Guideline 8; WHO 2011).

Putting this principle into practice in the context of field-based MRI research requires
opening a dialogue with local care providers, educators, and researchers as well as potential
participants and their families. We interpret “local community” to refer to both the residents
living and working in the community, as well as the local researchers, both should be
engaged in sustained dialogue. Defining the “community” can be challenging; community
could refer to individuals in neighborhoods, towns, cities, municipalities, states, or even the
entire country. How “local” and “community” are defined will have implications for forging
partnerships to facilitate co-creation of social value. But however “local community” is
defined, consultation with key stakeholders and focus group discussions, prior to launching
the research and continuing throughout, as well as “multi-level stakeholder engagement
and multisectoral coordination,” provide avenues for meaningful engagement (Thondoo et
al., 2020). Such engagement will also help the research team better define, prioritize, and
operationalize the research questions.

Current training for MRI researchers is inadequate for field-based MRI studies because

the training places little emphasis on relationship- and capacity-building with the local
community. Such training is particularly important to address cultural differences and avoid
bias. While each field-based MRI study will require engagement tailored to local context,
some general lessons can be drawn from a growing body of research using EEG in resource-
limited communities, especially on infants and children (Lockwood Estrin et al., 2019;
Tarullo et al., 2017) and fNIRS (e.g., Begus et al., 2016; Blasi et al., 2019; Katus et al.,
2019; Lloyd-Fox et al., 2016, 2019).

A lesson learned from this EEG field research is that an effective strategy for strengthening
local partnerships is to build in adequate time for “formative work” such as community
gatherings, question-and-answer sessions, and consultations with both community members
and local research institutions prior to data acquisition (Lockwood Estrin et al., 2019).

In EEG research conducted by co-authors Lockwood Estrin and Bhavnani in India, the
recruitment strategy was informed by such formative work, and led to engaging the
community to participate in research through “community mobilizers” who understand the
research benefits and risks, before seeking individual informed consent. Pilot work also
showed that logistics such as distance to the research site would serve as a barrier to
participation, so the decision was made to move testing sites to be nearer the community
(Lockwood Estrin et al., 2019).
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Collaboration with community members can provide opportunities to build local capacity
and ensure that benefits are bi-directional. Bidirectional learning refers to international
researchers learning about local community concerns, and the community learning about the
nature and purpose of the study (Harris et al., 2020; Skopec et al., 2019). Engagement can
help to build understanding of the technology, facilitating informed decision-making about
accepting or declining participation in the research.

A major challenge for community engagement with field-based MRI is the power of MRI
brain imaging —both perceived and real (Jones et al., 2009). Participants may perceive MRI
brain imaging as having exceptional power to reveal brain functioning and abnormalities,
leading them to mistake research for clinical care in what is known as the “therapeutic
misconception” (Appelbaum et al., 1982). Yet the power of MRI to reveal incidental findings
(IFs) is also a challenge. Compared to other modalities such as EEG and fNIRS, MRI
imposes on researchers greater responsibilities to manage IFs because EEG and fNIRS do
not produce images of brain structure. We address below the responsibilities incumbent on
researchers to manage IFs.

3.2. Overarching priority #2 — sustainable social value of research for local community

Prominent guidance for research in remote and resource-limited international contexts
emphasizes that the research study should produce both general scientific value and local
social value, as noted above (GCC 2018, Article 1; WMA 2001, Article 20; WHO and
CIOMS 2016, Neuroethics Questions for Neuroscientists [NeQN] 5b). The social value of
research can be generally defined as “knowledge that can lead to improvements in health”
(Emanuel et al., 2000). While all researchers must justify their studies by showing that

the social benefit outweighs the risks (Nuremberg Code 1947; Office for Human Research
Protections [OHRP] 2017), research in remote and resource-limited settings also requires
significant local social value (Lairumbi et al., 2011; Wenner 2017, 2018; Wertheimer 2015).
This is in contrast to customary fMRI studies outside of resource-limited settings (for
example, studies enrolling college students), where participants are explicitly told that there
is no personal benefit (beyond compensation) for participation. Conducting research in a
resource-limited setting requires a different, more beneficial, and longer lasting relationship
with the local community and participants in the study.

To produce local social value, research priorities can be determined in collaboration with
the local community (GCC 2018, Article 1), recognizing that the priorities of a low-resource
community may differ from those in the researcher’s home community or country (Barsdorf
and Millum 2017; London 2008). As discussed above, “local” can be understood at
multiple levels such as community/town, district/state, and nation. Engagement at different
levels will vary across research studies, but a constant should be pursuing co-creation of
social value “which matches innovative tools to the needs of the population” (DePasse

and Celi 2016). An example of a model that embraces co-creation of social value with

new technology is the Consortium for Affordable Medical Technology (CAMTech) Co-
Creation laboratories. As applied to portable MRI, this approach would suggest that

rather than investigators developing hypotheses and research question by themselves prior
to community engagement, the community —local researchers and residents —should
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be directly involved in developing the research plan. These “collaborations will require
deliberate and thoughtful effort that may run counter to the intensely individualistic
entrepreneurial spirit of many innovators who wish to lead global health improvement”
(DePasse and Celi 2016).

Field-based MRI research may contribute to local social value by: focusing on research
questions and health conditions of high priority to the community, using portable MRI as

a teaching tool (Wald et al., 2019) for local scientists, establishing partnerships with major
hospital systems to improve training of clinicians, and capacity building (WHO and CIOMS
2016, Guidelines 6, 8) such as contributing to a center for excellence (Franzen et al., 2017)
or allowing local clinicians to utilize the portable MRI machine when it is not being used for
the research study. These types of investment in the community’s future health infrastructure
represent one means of elevating the local social value of the research.

3.3. Participant recruitment and informed consent, minimizing therapeutic misconception

As MRI research moves out of the lab and into the community, lessons from “community-
based participatory research” (CBPR) and “integrated knowledge translation” (IKT) may
prove useful. CBPR and IKT “are research approaches that emphasize the importance

of creating partnerships between researchers and the people for whom the research is
ultimately meant to be of use (‘knowledge users”)” (Jull et al., 2017). From this perspective,
and consistent with the international research ethics standards referred to earlier, participant
recruitment and informed consent procedures should be co-developed in consultation with
the local community (GCC 2018, Articles 4, 12; WHO and CIOMS 2016, Guideline

8). Research on informed consent in international contexts suggests the importance of
sensitivity to cultural and linguistic differences, as well as socioeconomic context in
resource-limited communities (Colom and Rohloff 2018). Community assent may also

be required (GCC 2018, Article 9). These ethical concerns speak to the need for the

field of neuroethics to consider how “social relationships will be altered by continuing
neuroscientific advances” (Chiong 2020).

In field-based research with portable MRI, explaining MRI data acquisition and analysis to
prospective participants and local research partners will be important. Studies may become
more difficult to explain if new technologies are combined or “stacked” on one another
(Wolf et al., 2003). For example, if cloud storage of data and Al-enabled data analysis are
involved, explaining the full set of technologies becomes more challenging. With technology
this complex, having a translator who understands the technology enough to explain it in
their own words and can communicate this information in multiple local languages (which
may not themselves have specific words to describe the technology) may be especially
helpful. An additional issue emerging during study recruitment is the possibility of coercion,
undue influence, and exploitation due to incentives offered for participation (Largent and
Fernandez 2017; Nyangulu et al., 2019). It is also possible that “structural coercion” can
emerge when “the broader social, economic and political context compels individuals to
enroll in research” (Fisher 2013). To address these issues, sociocultural context should be
carefully considered, consultation with the local Research Ethics Committees (REC) (see
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Section 3.5 below) can help to clarify renumeration policies, and in some instances offering
incentives to participate may be ill-advised (Gordon et al., 2018).

Also of concern is the therapeutic misconception (TM) (Appelbaum et al., 1982), especially
in settings where access to health care is limited and participants have not previously had
access to MRI scanning and other health interventions associated with the study. TM exists
when participation in research is confused with medical care (Lema 2009; Lidz et al., 2004).
Previous research suggests that there is a risk that MRI research will be perceived as, or used
in place of, medical care (Hadskis et al., 2008). This issue is more likely to arise in settings
that lack clinical MRI services. TM may also be more likely for patients who live far from a
hospital or medical clinic with an MRI scanner.

As an example illustrating the risk of TM, it is possible that in field-based research with
children using portable brain imaging, parents may enroll their children in hopes that

this will lead to medical benefits for their child. There is “no single or simple answer”

to improving informed consent and participant knowledge about the research process
(Pickersgill 2011). But to begin addressing potential misconceptions about the goals of the
study, researchers can offer increased opportunities for parents to ask questions, can explain
what is meant by “research” in the study, and can communicate that the study will not confer
medical benefits or substitute for health care.

3.4. MRI setup in the field to ensure participant safety

3.5.

Given that portable MRI machines may not require the same level of physical distancing as
fixed MRI machines (see Section 1.3), third-parties may be closer to portable MRI scanning.
Field-based MRI studies must therefore be responsible for participant safety in the scanner
andthe safety of others who may be observing nearby. This could include a parent holding a
child’s hand, a friend looking on, or a curious onlooker who enters the scanner area.

While the Gauss lines around portable MRI technologies will vary considerably depending
on the design and magnet strength of each scanner, there will remain at least some concerns
about metal shrapnel or implants within the participant’s body, as well as metal objects
carried into the room. Traditional MRI screening questionnaires and procedures that are

in resource-rich environments will need to be adapted to ensure that the requisite safety
questions are asked and understood and that participants can answer safety questions
accurately. Fortunately, it is likely that portable MRI scanners will have a much lower risk
profile due to significantly reduced field strength.

To address safety concerns, supervision of local personnel as well as quality control across
multiple scanning field sites are a priority. Moreover, researchers must ensure that the
equipment can be securely stored when not in use, securely transported from site to site, and
set up/taken down in ways that are minimally disruptive to the community.

Human subjects research and data privacy

The collection of brain data through MRI in the field may trigger the application of a
variety of regulations governing research with human participants and data privacy. For
instance, the research will be subject to the Federal Policy for the Protection of Human

Neuroimage. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shen et al.

Page 13

Subjects (the “Common Rule”) if the research is conducted or supported by a U.S. federal
department or agency that has adopted the Common Rule, such as the U.S. Department

of Health and Human Services (45 C.F.R. 8 46.101(a)). For research conducted abroad,

the Common Rule does not displace local law but rather provides that its requirements

will apply to the research in addition to the requirements of applicable local law (45

C.F.R. 846.101(qg)). Because portable neuroimaging technology is regulated by the FDA,
FDA-specific regulations protecting human subjects may also apply (21 C.F.R. part 50).
These regulations are similar, but not identical to the Common Rule. For those researchers
who wish to submit internationally-collected data as part of an investigational device
exemption (IDE) application, a premarket approval submission, or another type of research
or marketing permit submission to FDA, the FDA regulations require that the data have been
collected in accordance with Good Clinical Practice (21 C.F.R. § 812.28), which includes
review and approval by a research ethics committee (REC) and informed consent from
participants (FDA 2018, 83 FR 7366).

International research ethics guidance emphasizes that local ethical review, by a REC and
relevant agencies, is vital to field-based research (GCC 2018, Articles 10, 11; WHO 2011,
WMA 2001, Article 23). Understanding and complying with the applicable laws of the
country within which the research is taking place will likely require both consultation with
country-level officials and partnership with local researchers and their institutions (GCC
2018). If a remote community does not have a local REC, the research team will need to
understand the local regulatory framework to determine how best to obtain REC review and
oversight of the research.

Similarly, although participants in field-based neuroimaging research may be thousands of
miles away from the researcher’s home institution, if any part of the research is based

in the U.S. and involves a “covered entity” subject to the Health Insurance Portability

and Accountability Act of 1996 (HIPAA), privacy and security regulations issued under
HIPAA will apply to the use and disclosure of participants’ protected health information
(PHI) during the portion of the research conducted at the “covered entity.” Determining
the applicability of HIPAA will require understanding how data are flowing from field to
researcher.

Data privacy laws of the host country are also likely to apply. These laws will vary by
country and region, but some foreign privacy laws, such as the European Union’s General
Data Protection Regulation (GDPR), place limitations on the cross-border flow of personal
data, an important barrier for conducting field-based neuroimaging research (GDPR 2019,
Chapter V). Many data privacy laws, such as the GDPR, require that vendors that process
data, referred to as “processors,” be subject to stringent limitations (GDPR 2019, Article
28). Accordingly, if portable MRI technology utilizes cloud-based vendors to process
participant data, the third-party will likely need to be bound by terms that apply specifically
to processors of data. Relatedly, field-based neuroimaging may occur in locations where
an Internet connection is not reliable, requiring a backup plan for secure data storage and
delivery.
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Finally, a legally relevant distinction can be made between where the data are collected,
where they are stored, and who is accessing the data. If the data will be accessed by
individuals in a country different from the one in which the data were collected and where
the data are stored, then depending on the data privacy regulations in place, this may be
considered a cross-border transfer of data, and restrictions on the cross-border transfer of
data may apply (Information Commissioner’s Office 2019).

3.6. Data analysis, including fMRI inferences and bias in machine learning and Al

As MRI research moves into the field, it brings with it the still-unresolved issues

of traditional fixed MRI. Analyses of structural data are generally simpler and more
straightforward, but if functional data are acquired, it is important to recognize that the
fMRI community has long struggled with developing reproducible and valid inferences
from such data (Carp 2012; Poldrack et al., 2017). Multiple labs analyzing the same

fMRI data may develop substantially different interpretations (Botvinik-Nezer et al., 2020).
Reasons for this variation across labs include the relatively low signal-to-noise ratio of
fMRI data, different assumptions in statistical models used to analyze the data, and the
general challenge of understanding how the brain carries out cognitive functions (Poldrack
2018). Furthermore, while Al-based analytic procedures might have the appeal of providing
usable results without time-consuming examination of the data, these should be approached
with caution at this early stage of development (Langlotz et al., 2019). The use of Al

in studies in remote and resource-limited communities also raises concerns about whether
the sample data on which the Al model was trained were sufficiently diverse to allow the
Al model to make accurate out-of-sample predictions on brain data acquired in culturally,
economically, and environmentally diverse populations (Schiff 2021). Researchers can find
guidance on the use of Al and big data analytics in low-resource settings in expert reports
published by the U.S. Agency for International Development (USAID) (2019), the World
Health Organization (2019), and the UN Secretary-General (2014). As the USAID report
observes, “to be accurate in new geographies, Al tools need millions of historical health
data-points to train their algorithms to provide accurate outputs appropriate to the geography
and population —and this type of broader health data are generally absent in LMICs”
(USAID 2019, p. 18). This problem counsels conducting an “Al audit” to assess potential
bias in the system (Zou and Schiebinger 2018).

3.7. Incidental findings and return of results to local participants

Estimates of incidental findings (IF) rates in structural brain MRI vary by study population
and scan acquisition method, but have been described by one meta-analysis as common
(Morris et al., 2009). Another study estimated the overall rate at 34% (Shoemaker et al.,
2011), with the likelihood of IFs increasing with participant age (Morris et al., 2009). A
recent study, analyzing an Adolescent Brain Cognitive Development (ABCD) dataset of
nearly 12,000 children ages 9 to 10 years, found an IF rate of 21% (Li et al., 2021). Analyses
of IFs in MRI research (llles 2006) have revealed that recommended policies range from
having every scan read by a radiologist (Milstein 2008), to having findings reviewed by an
expert only if the researcher flags a brain abnormality (Cramer et al., 2011), to having no
scans read by a radiologist (Royal and Peterson 2008).
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Portable MRI research in remote and under-resourced field settings will exacerbate the
issues raised by IFs. Radiological expertise to confirm the presence of concerning findings
may be unavailable or available only remotely. Referral to clinicians for clinical analysis
may be equally challenging when research is done in a remote setting far from a major
health care center and participants may lack health insurance and reliable access to health
care.

The Common Rule in the United States (45 C.F.R. part 46), as well as the Additional
Protocol to the Convention on Human Rights and Biomedicine Concerning Biomedical
Research in Europe (Council of Europe Treaty Series No. 195, 2007), call for research
participants to be informed of how the research team plans to address IFs in the study. There
is a range of approaches to IFs in MRI research (Borget et al., 2013; Underwood 2012), as
well as a literature on the legal and ethical requirements for identifying and returning IFs in
brain imaging research (Brown and Hasso 2008; Illes et al., 2006; King 2018; Wolf et al.,
2008).

In the context of portable MRI, a significant challenge will be identifying local site-specific
leadership to communicate IFs to research participants. Such communication is a key aspect
of IF policy in fixed-scanner research projects. For example, the Adolescent Brain Cognitive
Development (ABCD) study, a national Consortium study in the United States that involves
21 data collection sites and a sample of nearly 12,000 youth, combines local leadership with
a centralized radiology team (Auchter et al., 2018). In the ABCD study, MRI data are sent
by each site to a radiology team at the University of California, San Diego (UCSD) (the
Coordinating Center for the Consortium), and the radiology team members rate the scans on
a four-point scale (1 = no anomalies; 4 = urgent clinical care needed) (Clark et al., 2018).
Then those numbers and a description of the findings are relayed to the local-site PI, who
must have a procedure in place for notifying the participants if the readings are 3s or 4s
(Clark et al., 2018). In field-based MRI research in remote and resource-limited settings, a
radiology team to analyze scans at a central location could be established, even if this central
location is far from local scanning sites. Teleradiology has, for instance, proven effective

in a variety of settings (Hanna et al., 2020). However, that centralized team would need
established procedures (including technology to communicate with local participants or a
local team member) to facilitate the communication of IFs, offer counseling if needed, and
recommend follow-up with a clinical MRI scan, and address barriers to obtaining a clinical
scan, consistent with the overarching goal to ensure local partnership (see Section 3.1).

Identification of IFs raises the specter of stigmatizing participants by suggesting that
something may be wrong with their brain. While alerting participants to potential findings
of health importance may advance their well-being and on occasion even save lives,
researchers must consider how to offer the information without causing harm. Multiple
ethics guidance documents remind researchers to consider the issue of social stigma and
self-stigma (Amadio et al., 2018, Question 1a; GCC 2018, Article 16). Self-stigma is the
internalization of stigma experience resulting in “diminished self-esteem and self-efficacy”
(Corrigan et al., 2006). Similar to concerns raised about stigma associated with genetic
diagnoses (Academy of Science of South Africa 2018) and mental illness in LMICs
(Mascayano et al., 2015), brain data suggesting a mental illness or neurodegeneration might

Neuroimage. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shen et al.

Page 16

be stigmatizing for research participants. For instance, a recent meta-analysis of seven
studies from 1985 to 2018 on patients younger than 21 found a 16% IFs rate in MRI
research with children, including many instances of cysts (Dangouloff-Ros et al., 2019).
Telling parents that there is a cyst —even one that may be benign —on their child’s

brain may be seen as marking that child as less healthy or desirable. Similarly, breast and
cervical cancer screening in some LMICs has led to the discovery that detection of cancer
—rather than producing a favorable response focused on treatment —can lead to social
stigma (Suwankhong and Liamputtong 2016; Nyblade et al., 2017). There is also evidence
that in some LMIC contexts children diagnosed with a neurocognitive disability can face
parental neglect and even sometimes abandonment (Paget et al., 2016; Namazzi et al. 2020).
Guidance on returning IFs recognizes that “cultural norms surrounding certain diseases may
be different in low-resource settings” (Sullivan and Berkman 2018) and thus the plan for
managing IFs needs to address social and cultural stigma that might emerge if abnormalities
are detected and communicated.

For field-based MRI research in remote settings, a challenging problem is how to provide
support and clinical referral when an IF is discovered. In consultation with the local
community, the study protocol should specify what sort of support and referral services will
be available to the participants so that they can obtain follow-up clinical care as warranted.
Such follow-up care may be difficult to obtain if local medical facilities are far away or not
adequate. But a “hands off” approach, such as simply communicating the IF without clinical
referral, is not ethically acceptable (CIOMS 2018, Guideline 6; Dickert and Wendler 2009).

A related question arises about the provision of ancillary care (Bright and Nelson 2012; Pratt
et al., 2013). Ancillary care is “health care that is not required for either the scientific
validity of a study or redressing study-related harms” (Pratt et al., 2013). One view,
emerging from the Georgetown University Workshop on the Ancillary-Care Obligations

of Medical Researchers Working in Developing Countries, is that researchers in resource-
limited settings have a “positive moral obligation to provide some ancillary care to their
study participants” (Brownsword et al., 2008). MRI research teams can work with local
partners to reach agreement on what such an obligation should look like in a particular
research setting.

There is little guidance for returning to participants either individual or aggregate study
results on the variables under study in field-based MRI research (Shen et al., 2020). Even
in research with fixed MRI scanners, there is variation in current practice. Many MRI
researchers do not routinely return individual-specific study results to their participants, but
at least one study found that neuroimaging research participants overwhelmingly desire to
receive all of their research brain scans, along with the accompanying report (Shoemaker
etal., 2016). In anticipation of likely demand, researchers can work with the community to
plan how to make individual-level and aggregate results readily available in a form that is
understandable, with the necessary explanation and counseling.
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4. Recommended next steps

The ELSI issues identified above call for new work to establish adequate guidance and
processes. While much work has been done over the last 15 years to develop guidance

for fixed MRI in urban hospitals and similar institutional settings, our Working Group
concluded that the emergence of highly portable MRI for deployment in remote and
low-resource international field settings requires additional guidance. In 2005, the NIMH
Council Workgroup on MRI Research Practices addressed the evolution of MRI from “a
tool used primarily for medical diagnosis” to a tool for “clinical and basic cognitive and
affective neuroscience research” (NIMH 2005). The NIMH Workgroup recognized that there
was a “lack ... of any comprehensive guidance” for researchers in “non-medical settings”
NIMH (2005). But in 2005 the idea of fie/d-based neuroimaging around the globe was not
mentioned. Fifteen years later, technological developments once again compel a revision to
existing ethical guidance.

In the context of field-based MRI research in remote and resource-limited contexts, we
return to two overarching goals: (1) ensuring that local communities are ongoing partners
in the research enterprise, and (2) ensuring that the research is designed to produce
sufficient, local social value to justify the risks of the research. As suggested above (Fig.
3), achieving these goals must involve collaboration with the local community in which
the research will occur, empowering local actors, investing in site visits and training of
local personnel, partnering with local Research Ethics Committees, minimizing bias in Al
and other data analytic models, and collaboratively developing comprehensive plans for
reporting and managing incidental findings, including a pathway to clinical care for those
far from a hospital and without resources to pay for care. To facilitate this bi-directional
learning, we recommend several concrete next steps. See Table 1.

First, more robust platforms are needed for engagement between community representatives,
local researchers and trainees, neuroimaging research teams, and local NGOs who work
within communities that might be included in the research. One model for such engagement
is the U.S. NIH Common Fund’s Harnessing Data Science for Health Discovery and
Innovation in Africa (DS-I Africa) (NIH 2020), which includes virtual (and eventually in-
person) symposia for cross-national networking between research groups and communities
that would not otherwise engage one another. The networking allows for community
representatives to voice their own priorities. Integrating neuroimaging-specific networking
into these and similar events would allow for the engagement required to build strong
relationships between local communities and external research teams. Similarly, an
international workshop hosted in an LMIC, with representation from resource-limited
communities, would be of great value. Such a workshop could facilitate engagement both
across and within countries. Even in resource-rich countries, it is important to design highly
portable MRI research so that it can reach populations previously excluded from research
and begin to address inequity (Cooley et al., arXiv). While our focus in this article has
primarily been on communities outside of resource-rich countries, the analysis could also be
adapted and applied to low-income and marginalized communities within richer countries
(Meyers and Hunt 2014).
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Second, current guidance for MRI should be updated to address field-based MRI research
with portable scanners. This effort should involve community leaders, government agencies,
professional societies, industry partners, NGOs, academics, ethicists, legal experts, and the
international MRI research community. As discussed above, guidance exists but is not yet
sufficiently specific about application to portable MRI technology. A clear example of a
standard in need of revision is the ACR’s demarcation of four safety zones for setting up

an MRI facility. These safety zones make assumptions about magnet strength and Gauss
lines that are not applicable in the case of newer MRI technology. Because it was not
previously possible to set up an MRI scanner outside a research facility, there is no guidance
as yet from standard-setting organizations on how to do it. To develop standards for use

in remote and limited-resource settings, the neuroimaging community might consider the
successful model created by the World Federation of Pediatric Imaging and the InterSociety
working group on MR safety to help standardize MR practice across regions. These groups
have established best practices for careful, inclusive development of rigorous standards
(Calamante et al., 2016; Otero et al., 2020).

Third, consultation with experts in international research ethics and international standard-
setting bodies such as the World Health Organization (WHO), World Medical Association
(WMA), and United Nations Educational, Scientific and Cultural Organization (UNESCO)
is required to determine how guidelines such as the CIOMS International Ethical Guidelines
for Biomedical Research Involving Human Subjects (2012), Declaration of Helsinki (2013),
and Global Code of Conduct for Research in Resource-Poor Settings (GCC) (2019) apply
to field-based MRI research in international contexts. In this article, we begin to address
these codes and the accompanying literature, but further discussion —with more diverse
representation of interests and organizations —is required.

Fourth, further dialogue is required with experts using other portable imaging modalities.
We have focused here on mobile MRI, but future research should also consider

advances in mobile positron emission tomography (PET) (Bauer et al., 2016), mobile
magnetoencephalography (MEG) (Bosso 2020; Boto et al., 2018, 2019), functional near-
infrared spectroscopy (fNIRS) (Baker et al., 2017a,b; Blasi et al., 2019), and high-density
diffuse optical tomography (DOT) (Fishell et al., 2020). There is a growing body of LMIC
research, especially on infants and children, utilizing EEG (Lockwood Estrin et al., 2019;
Tarullo et al., 2017) and fNIRS (e.g., Begus et al., 2016; Blasi et al., 2019; Katus et al.,
2019; Lloyd-Fox et al., 2019, 2016; Wijeakumar et al., 2019). MRI is not being used
because it is costly and generally not yet feasible in the field (Gossé 2018). MRI can be a
complementary tool to EEG and fNIRS, and researchers in traditional MRI labs are already
experimenting with simultaneous EEG/fMRI recording in order to combine the better spatial
resolution of MRI with the better temporal resolution of EEG (Mele et al., 2019). The
potential use of multiple modalities, either in tandem or simultaneously, in field-based
research may raise additional ELSI issues not explored here.

Fifth, while we have focused exclusively on research use of MRI, further work is needed

to examine the ELSI issues associated with c/inical use of portable MRI in remote and
limited-resource settings. Global access to MRI for clinical purposes is addressed elsewhere
(Inalegwu et al., 2018; Mollura and Lungren 2019), but there are overlapping ELSI issues
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(including management of incidental findings) that would benefit from joint analysis by
clinicians and researchers.

5. Conclusion

The advent of portable MRI scanners offers the potential for communities in remote,
resource-limited settings to partner with neuroimagers on research that addresses health
inequities, builds local capacity for better brain health, improves understanding of brain
development and degeneration in diverse populations, and ultimately improves clinical care
in the local community. A necessary step to achieve this potential is an interdisciplinary,
global effort to address the ethical and legal issues identified in this article.

In addressing familiar ELSI issues, as well as those novel issues raised by MRI scanning

in remote locations, a key to success is early, frequent, and meaningful engagement with

the local community, as well as with the relevant IRB and Research Ethics Committees,
regulatory agencies, and funding agencies. Compared to a study carried out in the familiar
confines of a university research facility, field-based work in remote locations will require
significantly more engagement with the local community before, during, and after MRI data
acquisition.

Investing time to address ELSI issues can unlock the tremendous possibilities of field-
based MRI research. Both historical and contemporary experiences of marginalized and
low-resourced communities point to a real concern that the benefits of this technology
will not flow primarily to the communities in which the resource is conducted. To address
this concern, and to ensure that the benefits to be gained from research with field-based
MRI flow to communities that have not previously participated in neuroimaging research,
collaboration between researchers and participating communities must be strengthened.
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1a

1c
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Fig. 1. Images of portable MRI scanners in use and in development.
These examples of portable MRI machines are representative, though not exhaustive, of

the new MRI technology being developed by teams across the globe. Reproduction of
these images here is not meant to be an endorsement of any particular technology, but
instead illustrates the types of devices that are being developed. 1a Portable 1.5 Tesla
MRI system technology developed by an international research team with support of

NIH BRAIN (Imaging Human Brain Function with Minimal Mobility Restrictions, NIH
#1UO1EB025153-01). Source.: Used with permission from Dr. Mailin Lemke and Ben
Parksinon, Victoria University of Wellington. 1b Swoop™, the first FDA-cleared portable
MRI scanner developed by Hyperfine Research Inc. Source: Reproduced with permission
from Hyperfine, https://www.hyperfine.io/. 1c “A prototype portable brain MRI scanner
based on the Halbach permanent magnet described in Cooley et al., (2018) and configured
for rotational encoding as in Cooley et al., (2015). The magnet weighs ~125 kg and achieves
an 80 mT BO field.” Source. Used with permission from Dr. Lawrence Wald, as published
in Wald et al. (2019). 1d Portable, low-field MRI head imager, with a permanent magnet
array that generates strong magnetic fields inside the bore, but negligible magnetic fields
outside the bore. This device uses an inward-outward ring array that supplies field in the
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axial direction (Ren et al., 2019a, 2019b). Source: Used with permission from Dr. Huang
Shaoying, SUTD Singapore University of Technology and Design.

Neuroimage. Author manuscript; available in PMC 2021 September 01.



1duosnuely Joyiny 1duosnuey Joyiny

1duosnuepy Joyiny

1duosnuely Joyiny

Shenetal. Page 30
m Feasible within 5 Years  m Feasible within 10 Years
In a doctor’s office 88% 12%
In a community center 88% 12%
In a psychology department building 88% 12%
In a nursing home 88% 12%
In a pharmacy 88% 6%

In a school 68% 32%

In a war zone, next to the battlefield

(with battery power and spotty Intemet) 6% 3%

In an ambulance 63% 37%

In a remote village

(with only generator power available 45% 43%
and spofty Intemet)
In a home, via a Do K Yourself home kit 10% 35%

0% 10% 20% 30% 40% 90% 60% 70% 80% 90% 100%

Fig. 2. Working Group assessment of technological feasibility and timeline for acquiring either
structural or functional MRI data (N = 18).

This figure presents a summary of Working Group member responses to the survey question:
“Please assess the earliest moment (if ever) that researchers will be able to acquire MR/

aata (structural or functional) in the following locations. Unless noted otherwise, assume
that each location has (1) reliable access to power and (2) a stable internet connection.”

For a discussion of the technical requirements of various portable MRI technologies in
development, see Geethanath and Vaughan (2019); Sarracanie et al. (2015); Sarracanie and
Salameh (2020); Wald et al. (2019).
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Guided by two overarching priorities: ensure Local Partnership and

\

Sustained Local Engagement (3.1) in order to create Sustainable Social
Value of Research for Local Community (3.2)

Participant
Recruitment and
Informed Consent,

Minimizing
Therapeutic
Misconception (3.3)

MRI Set-up in the

Field to Ensure

Participant Safety

(34)

Human Subjects

Research and Data

Privacy (3.5)

Data Analysis,
Including fMRI
Inferences and Bias
in Machine Learning
and Al (3.6)

Incidental Findings
and Return of

Results to Local
Participants (3.7)

Collaborate with trusted
community mobilizers;
empower local actors,
including local NGO and
academic institutions in
LMICs that are trusted
by the community, to
build local capacity and
groundwork for informed
consent and minimizing
therapeutic
misconception about
MRI scans

Conduct multiple site
visits to locations
where portable MRI
machine will be
placed, to ensure
sufficient training for
local personnel and
clear plans for
supervision of
scanning in safe and
secure environment.

In partnership with
local Research
Ethics Committee,
develop data transfer
plan that complies
with all applicable
data privacy laws
and identify / address
barriers to cross-
border flow of
personal data.

When using machine
learning and Al to
analyze MRI data,
train AI/ML models
with diverse datasets
to minimize biases
and inaccuracies in
results.

Selected Working Group Recommendations

In partnership with
local community,
develop
comprehensive plan
for reporting and
managing incidental
findings, including
pathway to clinical
care for those far
from a hospital and
without resources to
pay for care.

Fig. 3. Core ELSI issues, with key Working Group recommendations for addressing them, in the

life cycle of field-based MRI research in remote and resource-limited communities.

Note: The ELSI issues presented in this Figure were identified through the Working Group

process described in Part 2 and detailed in the Appendix.
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Table 1

Recommended next steps

1. Establish more robust platforms for engagement between community representatives, local researchers and trainees, neuroimaging
research teams, and local NGOs that work within communities that might be included in the research.

2. Work with local communities to update current guidance for MRI to address field-based MRI research with portable scanners.

3. Consult with experts in international research ethics and international standard-setting bodies such as the World Health Organization (WHO),
World Medical Association (WMA), and United Nations Educational, Scientific and Cultural Organization (UNESCO) to determine how
guidelines such as the CIOMS International Ethical Guidelines for Biomedical Research Involving Human Subjects (2016), Declaration of
Helsinki (2013), and the Global Code of Conduct for Research in Resource-Poor Settings (GCC) (2019) apply to field-based MRI research in
international contexts.

4. Ensure that ELSI guidance for portable MRI is developed in collaboration with experts using other portable imaging modalities such as
mobile PET, mobile MEG, fNIRS, and HD-DOT.

5. Analyze and compare ELSI issues associated with clinical use of portable MRI in remote and limited-resource settings.
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