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Summary

Background and Purpose

Aswith any complex and evolving technology, the use of magnetic resonance imaging (MRI) for research
raises important issues concerning the protection of human subjects or participants. In view of the
increasing involvement of MRI technology in human subjects (HS) research, particularly in non-clinical (i.
e., university rather than mainly medical research) settings, NIMH recognizes the need to consider safety
and ethical issues related to both the administration of MR (magnetic resonance) facilities and the use of
these facilities for research.

What was once atool used primarily for medical diagnosis has become a valuable tool for clinical and
basic cognitive and affective neuroscience research. This evolution raises questions regarding how to
protect the safety of participants without unduly impeding important research. Although the protection of
human participants must remain the paramount consideration, regardless of the setting in which MRI
research occurs (e.g., university settings vs. medical centers), approaches to and use of MRI in research
vary by context or environment. NIMH recognizes the lack across various research settings of any
comprehensive guidance to assist investigators in reviewing the issues posed by MRI research concerning
the safety and protection of human participants.

To address the above-noted concerns, the National Advisory Mental Health Council (NAMHC)
Workgroup on MRI Research Practices was convened on September 14, 2005. Participants included
NIMH Council members engaged in MRI research, intramural and extramural scientists including those
involved in pediatric work, MR safety experts, including MR physiologists, MR physicists and
neuroradiologists, and an attorney with expertise in health-related research issues. The major goal of the
Workgroup was to enhance the protection of human participants by developing a set of "points to
consider" for institutions and investigators conducting or considering MRI research. The NIMH believes
that investigators, institutions and facilities can use this document as a resource for the development,
administration, evaluation, and use of MRI research facilities.

The development of this document was guided by peer-reviewed publications and empirical datato the
fullest extent possible. Where sufficient data were lacking, the Workgroup sought to acknowledge this



limitation and to identify the need for additional data. Furthermore, because technology is evolving
rapidly and new applications of MR continue to be discovered, it is expected that new questions will arise.
Thus, thislist should be updated periodically if it isto be kept current.

Many of the issues discussed here have been considered previously in some form in the American College
of Radiology (ACR) White Paper on MR Safety, published in 2002 and revised in 2004 (Kanal et dl.,
2002, 2004) and in other recent publications (Shellock, 2001, 2006; Shellock and Crues, 2004).
Researchers are strongly encouraged to consult these documents, and wherever relevant and appropriate,
to follow the recommendations contained therein. The ACR reports were focused primarily, however, on
the use of MR in medical settings. The present considerations are intended to encompass the broader use
of MRI in human neuroscience research, including studies conducted at facilities that exist outside of
medical settings. These research settings raise additional issues that are complementary to those addressed
by the ACR report. Consideration of these research-specific issues was a primary focus of the NIMH
Council Workgroup.

This document summarizes the "points to consider" discussed by the NAMHC Workgroup. Examples of
safe and ethical practices are discussed in relation to several issues. These examples are intended to be
illustrative and should not be interpreted as an exhaustive or exclusive list. This document was presented
to the full NIMH Council on September 15, 2006 and approved unanimously. By making the "points to
consider" document available publicly, NIMH intends to provide aresource for researchers and
Institutions that use MRI in research.

Organization of Meeting and Report

The agenda was organized into six topics, which provide the organization for the points to consider that
follow:

MRI screening

Training, operating, and emergency procedures

Physical facilities

Scanning/participant health variables

Context- Specific Considerations: University vs. medical settings
Additional data needs and updating

TmoOoOm>

Points to Consider
A. MRI Screening
Arethere proceduresin placeto ensurethe adequate screening of participantsprior to scanning?

A-1. Isascreening form designed for maintaining MR safety in use at the facility aspart of the
research?



The Workgroup agreed on the need for careful and comprehensive screening of al individuals who enter
the MRI suite, i.e., al participants and any caretakers, such as parents, who accompany children into the
MRI suite, as well as anyone who routinely enters or has access to the facility (e.g., maintenance workers,
security, as well as cleaning and emergency personnel). The use of a screening form was felt to constitute
auseful approach. The Workgroup felt that it was good practice to document all screening proceduresin
writing and to make thisinformation available to MRI facility researchers and staff.

A sample screening form isincluded in the American College of Radiology White Paper on MR Safety,
along with the accompanying MR Safe Practice Guidelines (Kanal et a., 2002). Another sample
screening form for patients and research subjects may be downloaded from www.mrisafety.com or www.
IMRSER.org. A Spanish version of this screening form is available from the ACR website: www.acr.org.

A-2. Arethere concerns about the participant's comprehension of questionsrelated to issues of
safety?

The Workgroup recognized the need for complete and trustworthy information from participants and/or
their caregivers and was concerned that incomplete or inaccurate responses to the items included on the
screening form would be problematic. The participant should comprehend the questions on the screening
form and sign an informed consent form. In situations where there are questions or concerns about the
participant's comprehension (due to factors such as questionabl e decision-making capacity, etc.), but the
participant is nevertheless considered able to provide informed consent, the Workgroup recognized the
value of having a knowledgeable companion, caretaker or family member present, with the consent of the
participant, for the consent process. If there is alanguage barrier, an interpreter who is not a member of
the participant's family is recommended. Also appropriate in specific circumstances is the participation of
an independent physician, consent monitor, or other responsible party to help determine that the
participant satisfies all criteriafor MR safety clearance prior to entering the MRI suite. Clearly the
responsibility for ensuring that it is safe for the participant and/or accompanying family/other membersto
enter areasin the MRI environment that pose risks due to the presence of the magnetic field (described
below as "zones 3 or 4", see Section C-1) rests solely with the Principal Investigator and research facility.

A-3. Oncethe participant completesthe screening form, istheinformation reviewed in a screening
Interview?

The Workgroup recognized the value of having the screening form for the participant and/or any caretaker
who might accompany the participant into the scanner suite reviewed by a qualified interviewer who has
the authority or access to the authority to deny entry into the MRI suite and to decline to scan. The
following credentials were considered by the Workgroup as qualifying the screening interviewer for this
role: (a) Defined training and experience in MR safety and an understanding of the potential hazards
involved in both the MR environment and the MR imaging process; (b) knowledge of medical and dental
devices and implants and of foreign metallic materials and conditions that pose hazards to the health and
safety of individualsin the MR environment; and, (c) knowledge of how to assess the MR safety aspects
of implants and medical and dental devices and foreign metallic materials or how to access appropriate



and authoritative information. (See also B-1 concerning training.)

The Workgroup also recognized the value of having the interviewer administer and review the screening
form with the participant item by item, to satisfy himself/herself that the participant has thoughtfully
considered each item and that there are no contraindications to scanning. This procedure would provide
greater protection than relying solely on the participant independently filling out a written screening form.
Similarly, having the interviewer sign and date the screening form was recognized as adding value.

The importance of the interviewer's access to appropriate resources for resolving any questions related to
the safety of questionable implants, medical or dental devices or foreign metals or objects was
acknowledged. Avenues for checking the safety of devices are numerous, and include, first, written
contact with the manufacturer of the device, peer-reviewed published information, web searches and/or
consultation with designated safety experts, and discussion with an MR physicist or MR-trained
radiologist, among others.

The Workgroup also recognized that, within the research context, MR safety information may be less
available for higher field strengths (e.g., 3 Teda (T)) and that the safety aspects of devices may vary
depending on how they are used. Thus, ready accessto an identified individual with the expertise to
evaluate safety in specific situationsis invaluable.

In summary, the Workgroup recognized the value of a qualified interviewer taking responsibility for
ensuring that the screening has been completed, that the screening is documented in writing with the
interviewer's signature and date, and that any questionable devices are considered safe based on the
consultation of an appropriate expert source.

A-4. Have potential contraindicationsto scanning been identified?

The Workgroup agreed that if the screening yields information that raises a question concerning safety,
steps should be taken to resolve the question prior to proceeding. An example would be a metalworker
who vaguely recalls an accident in which metal filings may have entered an injured the eye. In this
situation, screening, e.g., orbital film, should be used to rule out this contraindication to scanning.
Institutional Review Board (IRB) permission to acquire screening studies involving ionizing radiation
needs to be prospectively obtained. If this type of follow-up screening is not definitive or unavailable (e.
g., due to cost), the safest action would be to exclude the participant.

If information indicates aforeign body is present, the Workgroup recognized the importance of
determining its MR safety prior to scanning.

A-5. Do the screening procedures provide for redundancy?

The Workgroup recognized that a second approach to screening would provide redundancy and therefore
might increase safety. This second approach might involve a second interview just prior to scanning to
decrease the probability of missing an item that might pose athreat to safety.



As an alternative to two full interviews, aresearcher could choose to include MR contraindications as part
of the screening for recruitment to the study. This brief interview could be performed prior to a participant
coming in for testing. This pre-screening should supplement, but not replace, the full MR screening
interview. On the day of testing, aqualified interviewer at the MR center would provide athorough in-
person screening interview.

Another aternative is the use of a second approach to ensure that the participant is free of surface objects
that may be unsafe for MRI (such as pens, coins, other metals). For example, this may consist of having a
child turn al his/her pocketsinside out to ensure that they are empty or a check of all pockets and the
body using an appropriately sensitive ferromagnetic-detector wand (see Section A-6 below). Asathird
alternative, participants could be required to remove all clothes and jewelry and wear a gown. It remains
the responsibility of the principal investigator and the research facility to ensure to the best of their ability
that the participant does not have any ferromagnetic or other potential contraindicated devices/items
within them as aresult of prior trauma, surgery, etc.

A-6. Isahand-held high-strength magnet available for screening purposes?

The Workgroup also recognized the value of having a high strength magnet (1000 gauss or more)
available for possible use as a supplement to screening, but recognized that its use should not replace the
screening interview. Whereas such a device might be useful for assessing the ferromagnetic status of, and
screening out, potentially dangerous objects, it would not ensure that objects are safe in the MR
environment (false negatives). Thus, the Workgroup expressed a need to recognize that the use of this
magnet was supplementary to athorough screening process and not meant in any way to replaceit.

A-7. What role do ferromagnetic detectors play in the screening process?

Ferromagnetic detectors include hand held, wall-mounted and walk-through models designed to sound an
alarm when ferrous objects are detected, but to allow ferrous free, metallic objects through. Sufficiently
sensitive ferromagnetic detectors have the potential to reduce the risk of projectile incidents, patient injury
and damage to equipment. However, such devices have not yet been systematically tested with respect to
this potential. Therefore, the Workgroup opined that, at this time, ferromagnetic detectors cannot replace a
conscientious screening and/or direct physical inspection, but constitute a potentially useful supplement to
other screening measures.

A-8. What stepsarein placeto screen for pregnancy?

At present, there is no known risk of MR brain scanning of a pregnant woman to the developing fetus for
scanning at 4T or less, and no known mechanism of potential risk under normal operating procedures.
Nonetheless, the possibility that risks may be discovered in the future cannot be ruled out. Therefore,
exposure of fetuses to MR scanning without any prospect of direct benefit may not be ethically justifiable.
Indeed, the general policy in many clinical Radiology Departmentsis not to scan anyone who may be
pregnant, absent compelling clinical need. Thus, it is appropriate to screen for pregnancy and to exclude



pregnant participants for the sake of caution.

A somewhat separate, but related, issue is the fact that there may be potential risks associated with the
exposure of fetuses to some intravenously administered MR contrast agents.

It appears that most local IRBs intend to exclude potential participants who are pregnant from research
MRI procedures. Based on Federal HS protection regulations (see below), the Workgroup expects that
pregnant females will not knowingly be scanned for research purposes unless the pregnant mother and/or
fetus are the subject of an IRB approved protocol that specifically provides for the inclusion of pregnant
women and fetuses in the research. Such research would need to utilize appropriate informed consent
procedures consistent with the requirements of the Code of Federal Regulations (CFR) Title 45 (Public
Welfare) Part 46 (Protection of Human Subjects), Subpart B (Additional Protections for Pregnant
Women, Human Fetuses and Neonates Involved in Research) (45 CFR Part 46, Subpart B), as applicable.

A variety of approaches are used across centers to screen for and/or exclude pregnant or possibly pregnant
participants. Some sites simply note, during the consent/assent process, that the individual should not
participate if there is a possibility she may be pregnant. Other sites use questions that include the date of
the last menstrual period and/or whether there is any chance the potential participant might be pregnant.
Still otherstest for pregnancy in al females who have begun menstruation unless they are post-
menopausal or have undergone surgical procedures after which pregnancy is not a possibility. The
approach which will be used to screen for pregnancy should be described in the protocol in order for the
IRB to assess the risks and benefits of the protocol.

Pregnancy testing has the benefit of providing new information in cases where afemale may not yet
realize she has conceived. Without such testing, a female may be scanned while unknowingly pregnant.
At the same time, pregnancy testing holds implications for the disclosure of such results. For example,
having a parent first learn of a child's sexual activity and/or pregnancy during the consent/assent or
screening process may be harmful for the adolescent female and her family; sensitivity to cultural
influences is warranted here. Caution is warranted to avoid accidental disclosures of pregnancy to
individuals who might be accompanying the participant.

If disclosing a pregnancy can have potential negative consequences/risks under certain circumstances,
IRBswill want to consider thisissue. Investigators should consider, in advance, how an "incidental
finding" of pregnancy will be managed, i.e., whether appropriate staff are available to provide counseling
and how such findings will be reported and participants counseled. Thus, it isimportant that this
information be provided to the IRB so that it may carefully balance the risks and benefits pertaining to the
specific population, research procedures, and methods used to screen for pregnancy when reviewing
protocols and consent/assent procedures.

In the case of minors, the Workgroup acknowledged that sensitivity to parent-child issues was important.
To minimize the risks of placing under-age femalesin a potentially conflictual situation at the time of
testing, pregnancy might be mentioned as a reason not to participate at the time of recruitment. This
allows the young woman to decline to participate without providing specific information bearing on this



Issue. Considerations for screening should take into account whether to screen the minor privately or with
the parent or guardian present and whether to inform parents or guardians of the results of such
screenings. As part of the assent process, the adolescent should be informed of what will be done with the
results of the screening, including any interview data and/or pregnancy testing (consistent with state and
local statutes). Sites testing for pregnancy should consider in advance how participants and/or parents will
be informed of results, and whether there are personnel on site who are adequately trained to provide
counseling. Such considerations should be discussed with the local IRB(s) in advance.

Specia consideration is warranted for vulnerable populations, whose members may be less accuratein
reporting the possibility of pregnancy, e.g., minors, or potential participants with psychosis or magjor
depression. Added safeguards should be considered for such participants. Leaving decisions about
whether to participate up to potentially pregnant adolescents and/or people with severe mental
impairments may be unacceptable to IRBs.

Note that the issue of when a minor's health information, including pregnancy screening results, may or
must be disclosed to parents or guardians is governed by the Department of Health and Human Service's
Health Insurance Portability and Accountability Act (HIPAA) and/or other applicable privacy and state
laws. The application of HIPAA would depend upon whether the screening is performed by aHIPAA-
covered entity (such as a healthcare provider that conducts certain transactions electronically). HIPAA
may also interact with other applicable privacy and state laws. With some exceptions, HIPAA generally
requires covered entities to treat parents and guardians of un-emancipated minors as "personal
representatives’ to whom the minor's records must be disclosed upon request, if the parent or guardian has
authority under applicable law (e.g., state law) to act on behalf of the minor with respect to health care
decisions. However, where a state law permits a minor to consent to pregnancy treatment without a parent
or guardian's consent and the minor does so without parental involvement, this HIPAA requirement may
not apply. Note further that state laws may govern mandatory reporting of pregnancy to Child Protective
Services, depending on the age of the adolescent, the age of the sexual partner who fathered the child, and
the difference in their ages. HIPAA would permit HIPAA-covered entities to disclose patient health
information as required by other laws. Researchers should consult their institutional legal counsel for
guidance on the parental and other disclosure requirements, if any, that apply to a particular research
setting, and the applicable requirements for reporting should be made clear to the adolescent.

Providing the results of a pregnancy test to participants or parents implicates the federal Clinical
L aboratories Improvement Act (CLIA) and state laws regulating laboratory testing.

Researchers should consult with legal counsel to ensure that screening involving pregnancy testing is
performed in compliance with applicable law.

A-9. Arethere approachesin placefor screening for repeat scans?

The question of screening for repeated scanning arises most commonly in cognitive neuroscience research
involving normal volunteers, some of whom may be scanned daily or weekly for some period of time.



The Workgroup discussed whether participants should complete afull screening questionnaire and
interview for each scanning session. The Workgroup recognized the value of completing the full
screening, i.e., full standard written questionnaire and interview, with appropriate signatures for each scan.

B. Training, Operating, and Emergency Procedures
Aretraining, operating and emergency proceduresin placeto help ensure participant safety?

B-1. Are specific policies and proceduresfor training personnel associated with the MRI facility
developed and documented?

Given that the MRI environment presents many potential dangers to untrained or improperly screened
individuals, the Workgroup recognized the need for appropriate levels of training for al individuals who
operate the scanner and/or have routine access to the MRI suite and for a clearly specified scheme for
training and certifying individuals for each level of authorization. A range of options was mentioned for
certification, including didactic training, mastery of written materials, and terms of apprenticeship, as well
as written and/or practical tests.

The following was discussed as one example of a multi-level training and certification scheme:

Level | personnel are defined as those who are authorized to have unsupervised access to the MRI suite,
but who lack authority to screen other individuals or to bring other individuals into the scanner facility.
Certification at Level | requires training in how to screen oneself, a clear understanding of what isand is
not safe in the MRI environment, and knowledge of safety procedures for entering the MRI suite and very
basic emergency procedures, e.g., knowledge of whom to call and how to rapidly access appropriate
phone numbers. Level | may include cleaning, transportation, security, and anesthesia staff, and any
others who may have legitimate reasons to enter the MRI suite unsupervised and thus need to be
appropriately trained in safety and emergency procedures.

Level Il personnel are those who, in addition to Level | certification, are also certified to operate the MR
equipment, as well asto screen others for entry into the MRI suite and oversee their presence in the suite
and during scanning. They would have more in depth knowledge of MR safety issues including the safety
of different materials for the particular environment, the safety guidelines of the applicable IRBs, and
where to get additional information if needed.

Level 111 personnel are faculty or senior staff who, in addition to having achieved levels| and |
certification, are also certified to train and certify Level |1 and Level |1 personnel and are authorized by the
facility director to do so. These individuals would have knowledge of the requirements needed to run a
safe MRI environment and would be responsible for keeping these requirements updated.

It was felt that researchers should adhere to an accepted national standard of care consistent with safety
provisions, such as those of the ACR. Personnel should be trained on all elements relevant to their
research practices. In the terms of the ACR guidelines, those operating the scanner should be trained to



Level |11 statusinsofar as the guidelines are relevant to their research practices. For many university
settings, this may not include use of contrast agents, but will include training in regard to radiofrequency
(RF) thermal safety issues, gradient neurostimulation, and auditory concerns.

Sites may design their own training procedures so long as these adhere to nationally established standards
of care and encompass the MR potential risks to which participants might be exposed. For example, if a
Site expects to have a participant undergo MR scanning of the head, MR safety training requirements for
the operator of this study would cover biological and mechanical effects of static magnetic fields, safety
aspects related to gradient and RF magnetic fields, cryogen usage and safety issues, safety aspects of
claustrophobia and other anxiety management, etc. If no sedation, intravenous medication, or MR contrast
agents are to be administered, training regarding these areas may not be required.

The Workgroup recognized that principal investigators might have certification at any one of these levels
depending on their role in running the study. Regardless of their level of certification, all responsibility for
the safety of the MRI examination will at all times rest with the principal investigator and the designated
safety officer.

The Workgroup noted the importance of the facility having clearly documented procedures for training
and certifying personnel at all levels, for keeping certifications current, and for maintaining
comprehensive, up-to-date records regarding the certification status of all personnel associated with, or
who have access to, the facility.

B-2. Are staffing patter ns adequate for dealing with emer gencies?

The Workgroup discussed the need to anticipate potential emergencies and to ensure the availability of
adequate personnel coverage with which to affect a quick response. The Workgroup felt that the presence
of at least two trained staff (at least one of whom had attained Level |1 status), at all timesthat a
participant or accompanying family member/escort was within an area in which the magnetic field posed
arisk (e.g., zones 3 and/or 4 as described below), would help ensure an adequate response to an
emergency.

Furthermore, for al casesin which an MR contrast agent was being administered via any route other than
by mouth, a duly licensed physician must be on site and readily accessible to handle possible adverse
reactions to the administered MR contrast agent. Research involving participants of course necessitates
whatever additional (nonspecific to the MR environment) protections are needed to deal with any medical
Issues, e.g., sedation, cardiac issues, psychiatric issues, etc.

B-3. Arethereclear lines of authority for dealing with safety issues?

The Workgroup recognized the need for clear lines of authority for dealing with safety issues and felt that
a good approach for ensuring this was to designate an on-site safety officer for each scan. The designation
of asingle safety officer for each scan avoids ambiguity or diffusion of responsibility during an
emergency. The Workgroup felt that the equivalent of Level Il certification described above was



appropriate for such an individual.

Personnel involved in the study session should be made aware of the designated safety officer for each
scan. For example, if there is more than one potential safety officer present, e.g., more than one Level 11
staff member at ascan, it isimportant that a single individual be recognized asin charge of safety issues
prior to entry into the facility.

B-4. Are standard proceduresfor dealing with emer gencies developed and documented at the MRI
facility and are staff prepar ed to implement these procedures?

The Workgroup recognized the importance of having procedures in place for dealing with emergencies,
and maintaining staff readiness to deal with potential emergencies especially in non-medical settings. The
Workgroup felt that aspects of this preparedness included knowledge of whom to call in the case of
emergencies of various sorts, immediate access to the appropriate phone numbers, how to remove a
participant from the scanner, transfer the participant onto a stretcher if necessary, evacuate him/her from
the scanning suite, and when and how to quench the magnet.

In addition to the importance of emergency preparedness, it is equally important for researchers in non-
medical settings to make it explicitly clear to participants-as part of the informed consent procedure-that
emergency medical services may not be available onsite. This precaution isto prevent participants from
mistakenly interpreting the presence of the MR scanner as evidence that they are in amedical setting with
associated emergency medical services.

Related to this point, the Workgroup discussed the merits of additional safety training, such as
cardiopulmonary resuscitation (CPR) techniques. However, because there are no known risks of a
cardiovascular event specifically associated with exposure to the MRI environment or with being scanned
(other than the presence of a pacemaker or an implantable cardioverter defibrillator), the Workgroup did
not find any reason to require that personnel associated with a research-dedicated MRI facility be certified
as having been successfully trained in CPR. Exceptions to this would include examinations of participants
who are otherwise at risk for cardiopulmonary events.

B-5. Hasthe MRI site established relationships with emer gency resourcesin the facility and
community?

The Workgroup recognized the importance of establishing relationships with emergency resources within
the host institution (e.g., university or medical center), aswell asin the community. The Workgroup felt
that particularly in non-medical (e.g., university) settings, where emergency workers may not expect to
find an MRI facility, the relevant services (such as the fire and police departments) should be made aware
of the existence of the facility and its special safety concerns (e.g., personnel cannot enter with air tank).
Regular meetings with such personnel were thought to be helpful for ensuring familiarity with the facility
and its safety considerations and for reviewing its emergency procedures. Also thought to be helpful was
the practice of educating public safety and risk management groups at the institution that houses the MRI
facility with respect to the MRI facility's special considerations.



B-6. What centralized system exists at the MRI facility for reporting, managing and ar chiving
incidents and adver se events associated with scanning?

The group discussed the need for a system for reporting and recording incidents and adverse events
associated with scanning and its value for improving safety. Such a system would allow researchersto file
incident reports and make the archive available for consultative purposes. It was also felt important that

all breaches of safety procedures and other safety-related incidents should be reported, not just those
involving actual adverse outcomes. Thiswould provide useful information about the frequency of "near
misses’ and other occurrences that might reveal weaknesses in safety procedures and/or signal a decline
in safe practices.

Researchersin clinical facilities must also be aware of any requirements imposed by the facility's risk
management reporting process and of any legal constraints upon the disclosure of incident information to
individuals outside of the institution.

C. Physical Facilities

What protectionsarein placein thefacility to ensure safety in those ar eas affected by the magnetic
field? What special restrictions, equipment and expertsfor evaluating the MR safety of devices does
the facility provide?

C-1. What methods arein placeto control and regulate access to the MRI suite (control room and
magnet)?

Some, but not all, facilities use a standard "zoning system" such as that outlined in the ACR guidelines, to
control and regulate access to the control room and magnet for safety purposes. The ACR zoning system
Is described below as one example of a system that can be used. Whatever system is adopted should
provide protections comparable to those described bel ow.

Zone 1 includes all areasthat are freely accessible to the general public, and istypically outside of the
MRI environment (i.e., that portion of the environment in which the magnetic field poses arisk).

Zone 2 isthe interface between the publicly accessible, uncontrolled zone 1 and the strictly controll