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Abstract
Establishing a magnetic resonance (MR) safety program is crucial to ensuring the safe MR imaging of pediatric patients. The
organizational structure includes a core safety council and broader safety committee comprising all key stakeholders. These
groups work in synchrony to establish a strong culture of safety; create and maintain policies and procedures; implement device
regulations for entry into the MR setting; construct MR safety zones; address intraoperative MR concerns; guarantee safe
scanning parameters, including complying with specific absorption rate limitations; adhere to national regulatory body guide-
lines; and ensure appropriate communication among all parties in the MR environment. Perspectives on the duties of the safety
council members provide important insight into the organization of program oversite. Ultimately, the collective dedication and
vigilance of all MR staff are crucial to the success of a safety program.

Keywords Children . Conditional devices . Guidelines . Magnetic resonance imaging . Quality . Safety . Safety program

Introduction

Ensuring a safe environment during MRI is paramount for any
imaging center. Therefore, the establishment and maintenance
of a robust magnetic resonance (MR) safety program is vital to
safeguard thewell-being of patients andMRpersonnel. Creating
such a safety program to meet the distinct needs of pediatric
patients is multi-faceted and differs from doing so in adult pro-
grams, in several important respects. Children often cannot pro-
vide their own history, cannot give consent, and might not be
able to articulate their concerns. Thus, pediatric providers must
be adept in communicating with both children and their care-
givers when performing risk screening and planning for anMRI.
Family members or other clinical personnel often accompany
children undergoing anMRI; as such, we must also consider the
MR safety concerns related to everyone accompanying pediatric

patients into the scanner room. Child life professionals provide
an important service for young children undergoing relatively
short MR exams. However, in contrast to adult populations,
children more often require sedation or anesthesia services,
resulting in concerns about the use of anesthesia in young chil-
dren [1, 2]. Furthermore, while commercially available MR
conditional support equipment is available for adults, the equip-
ment options are far more limited for the pediatric population,
requiring an understanding of appropriate technical modifica-
tions and alternatives. Accounting for these complex challenges,
the mandate of MR safety programs is to facilitate a strong
culture of safety, establish and maintain policies and procedures
that ensure safe practice, educate personnel about safety-related
policies and procedures, provide consultations for difficult situ-
ations, and manage any safety incidents in real time.

Creating a team that functions to address these duties appro-
priately and expeditiously is crucial to the success of the pro-
gram [3]. This requires involving representatives from all the
key stakeholders regularly practicing in the MR environment
including, but not limited to, radiologists, MR technologists,
radiology nurses, anesthesiologists and sedation providers, car-
diologists and child life specialists. However, MR imaging of-
ten requires participation by hospital staff who do not regularly
work in the MR environment, might not appreciate the level of
risk posed by the magnet, and might not be accustomed to
standard MR operating procedures. Additionally, the entry of
family members and non-MR personnel into the MR
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environment must be considered in a comprehensive and stra-
tegic manner. To ensure a safe environment, each of these
parties must be sufficiently informed to act in the best interest
of everyone’s safety. All must feel comfortable asking ques-
tions and discussing potential concerns with team members at
all levels, without fear of repercussions [4, 5].

Program structure

The Inter-Society Working Group on MR Safety has issued
recommendations on the organizational structure for the man-
agement ofMR safety [6]. At the authors’ institutions, the MR
safety programs are composed of an MR Safety Council (the
Council) and an MR Safety Committee (the Committee). The
Council consists of radiologists who might obtain MR medi-
cal director (MRMD) certification, senior MR technologists
with expertise in MR safety who might obtain MR safety
officer (MRSO) certification, and an MR safety expert
(MRSE) who is an MR physicist. These positions have been
established by the American Board of Magnetic Resonance
Safety (ABMRS) toward developing clear safety roles and
responsibilities. The Council provides oversight and leader-
ship of the MR safety program. The members are available to
assist with operations of the MR system at all times during
which the MR facility is accessible to patients.

The Council serves to create and maintain departmental
safety policies and to implement associated procedures. The
Council members are available for consultation regarding any
patient-specific questions that arise about devices or other
potential safety issues. They are also on call for immediate
emergency response to safety incidents. Furthermore, the
Council performs a root-cause analysis in the event of any
safety incident. It is crucial that all members involved in the
performance of MRI feel comfortable escalating concerns or
requesting assistance from the Council as part of a culture of
safety [5].

The Committee comprises a larger group, including the
Council members, with representatives from all the key stake-
holder areas, some of which were outlined earlier, as well as
research MR personnel and others that might differ by institu-
tion. There might be ad hoc participation by other key clinical
areas, such as the critical care units, as needed. In light of the
multitude of team members’ viewpoints, the Committee is a
necessary method for sharing and integrating the unique per-
spectives of all team members. The committee members serve
as liaisons with their respective sections, advocate on behalf of
patients and their colleagues and provide feedback concerning
policy implementation and areas for improvement. To facilitate
the effective performance of the safety-related tasks of an MR
department, the Committee acts as a managing body that offers
guidance and supervision to the department and institution re-
garding the safe conduct of MRI examinations.

The Committee meets regularly to review and ratify policies
and procedures related to MR safe practice, to discuss proce-
dural updates and practice changes (most frequently related to
new device safety recommendations), to consider ongoing
workflow optimization, to discuss progress toward ongoing
improvement efforts, and to report any recent safety incidents
or near-misses. The Committee also provides a forum for open
discussion, during which members may raise concerns, collab-
orate to address areas of safety vulnerability, build consensus
around challenging issues, and suggest topics for further
examination.

Safety activities should also be maintained daily. Examples
of daily activities include a morning safety huddle and ongo-
ing technologist screening programs. The morning readiness
huddle follows the S-MESA (safety, methods, equipment,
supplies or associates) format advocated by others [7, 8]. All
departmental staff should be encouraged to participate, includ-
ing technologists, nurses, anesthesiologists, sedation teams,
radiologists and child life specialists. The huddle addresses
topics pertaining to daily clinical workflow activities, such
as patient-specific concerns for the day, follow-up about prior
incidents or issues, and discussion of new workflow solutions
and procedures. Additionally, technologists are responsible
for screening future scheduled patients for the presence of
retained metal or implanted devices.

Procedure creation and maintenance

One of the primary functions of the MR safety program is the
creation and management of policies and procedures related to
MR safe practice. These policies and procedures should be
publicly available on an institution-wide network for easy
reference. These policies and procedures are reviewed at reg-
ular intervals to incorporate changes from regulatory bodies,
departmental or hospital procedural changes, as well as rec-
ommendations from the larger Committee. The topics of these
policies and procedures include a wide range of subject mat-
ter, such as patient and staff screening, implantable electronic
devices and other scanning parameters, and emergency re-
sponse plans. As discussed, these policies must integrate the
needs of all team members. For example, managing codes in
the MR environment poses a distinct hazard to both patient
and staff safety and therefore must be managed differently
from how it is in other clinical areas. Standard processes for
code management within the MR environment should be de-
veloped in conjunction with anesthesiologists, the sedation
team and radiology nursing colleagues, in agreement with
American College of Radiology (ACR) recommendations
for safe practice. The incorporation of each committee mem-
ber’s perspective strengthens these procedures to withstand
the challenges of managing a safety incident, thereby mitigat-
ing the risk of harm to patients and personnel.
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Devices

One of the most important aspects of anMR safety program is
managing device entry into the MR environment to decrease
potential risks from the powerful static magnetic field, as well
as time-varying gradient and radiofrequency magnetic
fields. While some of these dangers are clearly documented
for individual implanted devices, many medical devices
lack clear labels with respect to MR safety profiles.
Therefore, the entry of any device into the MR environment
must have a standardized process for documentation, ap-
proval and use. To accurately assess the safety profile of a
device, the screening process must begin well in advance of
the patient’s arrival in the MR department. At the authors’
institutions, screening begins at the time of order place-
ment. A template for MR screening forms is available
through the ACR safety website. Clinicians confirm the
presence of implants, or lack thereof, during order entry.
Next, outpatient schedulers pre-screen from a standard list
of potentially problematic devices, so that these can be in-
vestigated and cleared before scheduling any MRI. If no
such device is present, the patient is scheduled for an exam,
but also undergoes thorough MR safety screening after ar-
riving in the radiology department on the day of imaging. In
the event that an unanticipated implantable device is iden-
tified, an MR technologist will investigate the device and its
safety profile before the MRI can proceed. If a device can-
not be cleared by the MR technologist, the MR safety offi-
cer assumes responsibility and might consult with the MR
medical director and MR safety expert for more advanced
risk assessment and clearance.

Zone implementation

The ACR provides guidelines for distinguishing physical
areas, or zones, in relation to their proximity to the MR mag-
net, each of which confers different levels of risk (Fig. 1). Four
safety zones have been designated, with zone 1 being the least
restrictive and zone 4 the most restrictive. Zone 1 constitutes
general public areas outside the MR environment. Zone 2
offers a buffer before the MRI control room (zone 3) and
MR scanner room (zone 4), including all possible routes to
or from the MR scanning area. Moving between zone 2 and
zone 3 requires badge-restricted access and security level per-
missions conferred by specialized training. Non-MR person-
nel may only enter zone 3 under direct supervision. Zone 3 is
contiguous with the scanner room and requires equivalent
security restrictions as zone 4. Access to zones 3 and 4 re-
quires all electronic and ferromagnetic materials be removed
prior to entry. Moving from zone 3 into zone 4 involves pass-
ing through a shielded door with an alarmed ferromagnetic
detection system and a physical barrier (e.g., plastic chain

across the doorway) that provides a last reminder to check
for ferromagnetic items. Zone implementation provides cru-
cial structure to limit the activities permitted within each area.
Most important, emergency situations within zone 4, the MR
suite, must be approached by quickly removing the patient
from zone 4 before any resuscitation is initiated.

Intraoperative magnetic resonance
considerations

Intraoperative MRI refers to either an operating room (OR)
with an MR scanner or the transport of a patient to a nearby
MR suite during a pause in surgery. Because intraoperative
MRI improves surgical outcomes, use of intraoperative imag-
ing has increased in recent years [9]. However, intraoperative
MRI comes with numerous challenges for patient safety.
Intraoperative MRI performed within an operating room has
important consequences for all OR equipment, which must be
tested for MR safety and potentially retested to comply with
maintenance standards at predetermined intervals [10].
Instruments approved for use within the 5-gauss line are typ-
ically non-ferromagnetic or low iron-content steel and specif-
ically intended for use in anMR environment. Training of any
personnel in an OR suite with an MR scanner must include
safety certification [10]. Because installing andmaintaining an
MR scanner in the OR poses significant challenges and ex-
pense, with expected low use, many institutions opt to provide
intraoperative imaging in a nearby MRI suite. However,
transporting an anesthetized child from the operating room
to a separate MRI area has additional logistical challenges
for the clinical teams [11]. Anesthesiologists, nurses, surgeons
and other clinical team members must ensure safe transport to
and from the operating room. The screening process for intra-
operative patients requires meticulous accounting of surgical
and anesthesiology equipment prior to entry into zones 3 and
4. Checklists have been shown to be helpful in the intraoper-
ative MRI environment [12]. But while checklists provide
another layer of safety assurance, particularly in uncommon
situations, there is no replacement for clear and methodical
reasoning on the part of all team members. In addition, radi-
ologist workflows must accommodate rapid real-time assess-
ment during imaging to determine whether return to surgery is
necessary.

Specific absorption rate limitations

Policies must be in place to limit energy deposition into the
patient during MRI. There are two commonly used metrics
that characterize the amount of radiofrequency energy that is
absorbed by the human body: specific absorption rate (SAR)
and specific energy dose (SED). While the SAR metric is
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more commonly monitored during the scan, several manufac-
turers have recently implemented SED limits on their MR
scanners in an effort to prevent excessive temperatures asso-
ciated with long-duration or high-SAR pulse sequences. The
United States Food and Drug Administration (FDA) sets strict
limits on individual exposure to a certain power deposition,
with an upward SAR limit of 4W/kg on a first-level controlled
MRI mode for the body. The International Electrotechnical
Commission has set an SED limit of <14,000 J/kg per MRI
on a first-level controlled MRI mode [13]. Many conditional
implants warrant sequence-by-sequence management of ener-
gy deposition to reduce heating risks. Mechanisms should be
in place to appropriately chart or record SAR/SED values for
relevant implants.

Ensure adherence with national guidelines:
American College of Radiology

The ACR Manual on MR Safety specifies MR safety guide-
lines that provide a basis for the development and implemen-
tation of institutional MR policies and practices [14]. As the
field ofMR safety continues to evolve, these MR safe practice
guidelines and subsequent departmental policies and proce-
dures are reviewed and updated regularly [15]. The
Medicare Improvements for Patients and Providers Act of

2008mandates that providers of advanced diagnostic imaging
procedures, includingMRI, CT and nuclear medicine imaging
such as positron emission tomography, be accredited [16].
The United States Centers for Medicare & Medicaid
Services approved three national accreditation organizations:
the ACR, the Intersocietal Accreditation Commission and The
Joint Commission — to provide accreditation services for
suppliers of the technical component of advanced diagnostic
imaging procedures. This legislatively mandated accreditation
requirement is intended to ensure the reliability, clarity and
accuracy of diagnostic images. In addition to fulfilling these
requirements, the accreditation process allows facilities to val-
idate the quality of their imaging services [17]. The ACR and
the Intersocietal Accreditation Commission are the national
regulatory bodies approved by the FDA to accredit MRI per-
formance [17–19]. Therefore, the Safety Council is tasked with
incorporating national and accrediting body regulations into the
departmental policies and procedures, while preserving image
quality and ensuring imaging that surpasses accreditation
standards.

Education and communication

Education of both MR and non-MR personnel is a crucial
aspect of any safety program. Training sessions, either online

Fig. 1 Diagram shows the
American College of Radiology’s
four MRI safety zones in relation
to their proximity to the MR
magnet; each zone confers a
different level of risk
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or in person, allow for continual reinforcement of safety con-
tent and maintenance of qualifications for MR access.
According to the ACR safety guidelines [14], MR personnel
are typically designated as levels 1 or 2 personnel. Level 1MR
personnel are individuals who have passed the facility’s MR
safety educational requirements, as determined by the MR
medical director. Level 2 MR personnel have received more
extensive training and education on the broader aspects ofMR
safety, including radiofrequency-related burns and neuromus-
cular excitation. In addition to certification maintenance, reg-
ular MR safety training allows for the broad communication
and acknowledgment of important updates to policies and
procedures.

Communication is the backbone of policies and procedures
implementation. In the current health care environment, policy
implementation is one of the biggest challenges, as is the
accurate, timely and efficient transfer of information among
health care workers. Confusion about policy details is one
of the most common ways that policies fail, resulting in
increased patient risk. Information can be shared in many
modalities, and multiple layers of reinforcement are often
essential for success. Emails, chat dialogues, posters or intranet
postings might be effective for policy changes with a clear, lim-
ited plan of action. However, when a more complex policy
change requires the execution of multiple synchronous activities,
face-to-face in-service meetings provide important opportunities
for more advanced training and question–answer sessions. These
meetings can also provide important feedback and discussions
about potential new issues arising as a result of the implemen-
tation. When a new policy or procedural update requires the
large-scale re-education of staff both inside and outside the
department, a hospital-wide public relations campaign might
be important for reinforcing specific behaviors or procedures.
Ultimately, personnel training and accurate transmission of
information about updates to procedures are crucial to the
success of any program.

Safety reporting of MR events or near-misses is a crucial
component of any safety program. To ensure accurate infor-
mation about the strength of the safety program, submissions
should be anonymized, and a culture of non-retaliation must
be reinforced. Continual education about the importance of
safety event reporting is intended to create a culture that views
safety reporting as an integral component of patient-centered
care, as opposed to punishment or reprisal.

Perspectives from the safety council

Radiologist perspective

The specific duties of the members of the MR safety manage-
ment team are described in detail elsewhere in a consensus
document [6]. Briefly, a radiology physician or group of

delegated physicians might be designated as MR medical
director (MRMD), with the expressed purpose of supervis-
ing and coordinating all efforts related to MRI safety. The
radiologist’s role is to collaborate, as a team member, in the
development of MRI-specific safety protocols, policies,
quality assurance programs, and assessment of issues that
might pose risks to patients and staff.

As a physician, the MR medical director offers important
clinical insight concerning the assessment of patient risks and
benefits. Expertise in both MRI safety and imaging appropri-
ateness affords the MR medical director a vital perspective
toward resolving unique individual safety circumstances
(e.g., non-conditional implanted devices). As part of the diag-
nostic imaging team, a radiologist must be accessible to the
MRI technologist performing a study, with the moral and legal
duty for the safe performance of an examination residing with
both radiologist and technologist. For this reason, all physi-
cians interpreting MRI examinations should be well-versed in
the fundamentals of MRI safety to assist their colleagues
performing these studies in the event of a safety concern or
incident [20]. The MR medical director or delegated radiolo-
gist also serves as liaison to referring clinicians and anesthe-
siologists when safety concerns arise. In the unfortunate event
of an MR-related adverse event or near-miss incident, the MR
medical director ensures that adequate steps are taken to iden-
tify a root cause and develop a strategy to mitigate risk in the
future. The ultimate responsibility of physicians involved in
MRI safety is to promote a safe MRI environment for patients
and staff through reliable communication, collaborative team-
work and efficient coordination of strategies to minimize risk.

Technologist perspective

The success of MR technologists in upholding their responsi-
bility to ensure a safe MR environment ultimately relies upon
the team members. Individuals must have an appropriate un-
derstanding of the importance of screening as it pertains to
patient, staff and visitor safety. However, they must also be
consistent in their safety practices and maintain the ability and
willingness to communicate openly and directly with all
parties in theMRI suite. Pressure to shortcut the safety process
to maintain an efficient workflow is not uncommon; however,
it must be met with unwavering commitment to execute all
steps as outlined in the safety procedures. Failure to do so,
even on a single occasion, presents the potential for a safety
breach. Vigilance, regardless of external influence to “keep
things moving,” is the only means of ensuring safety in the
MR environment.

Despite a multitude of physical and cultural barriers, unau-
thorized entry of ferromagnetic objects into zones 3 and 4
poses a constant and pervasive challenge at many institutions.
MR technologists guard zones 3 and 4, permitting entry only to
those persons who are appropriately screened. Pediatric MR
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imaging frequently requires multidisciplinary care during any
given imaging session. Technologists are responsible for
screening every registered nurse, certified registered nurse
anesthetist, respiratory therapist, child life specialist and physi-
cian who enters zone 3. Research personnel and the coordina-
tion of research studies might also be a source of tension,
particularly when scan time on clinical MR scanners is
shared with research teams. Because of the risks of unsu-
pervised behavior, all non-MR personnel, including envi-
ronmental services and security professionals, should not
be allowed to be present in the MR scanner environment
when the technologists are not present to screen. Safety
practices might be challenged, but a confident and fact-
based explanation by the technologist as the expert in this area
should be respected. When this is not the case, an established
escalation process should be implemented to ensure support for
the technologist from department leadership. As the last line of
defense in maintaining MR safety in zone 4, the MR technol-
ogist has the ultimate responsibility to ensure that no ferrous
items enter theMR scanner room at any time. Their authority as
such must be recognized and fully supported. While technolo-
gists are the professionals managing and accountable for MRI
safety, it is important that institutions attempt to create and
support an MR safety culture where all participants share
accountability.

In the authors’ experience, the biggest threat of safety
breaches comes from experienced staff who momentarily lapse
in their own consistent and rigorous self-screening. However,
near-miss events are important opportunities for strengthening
and improving the standard screening processes for all staff,
patients and visitors. For example, recognizing the negative
impact of pervasive “alarm fatigue” at the threshold of zone
4, a strict ferrous-free zones 3 and 4 policy can be implemented.
One author’s institution has also transitioned to require pocket-
less scrubs for all MR technologists and tech aides, which has
mitigated safety risks associated with forgotten items left in
pockets. However, ultimately any modifications to the screen-
ing process should reaffirm the authority of the MR technolo-
gist as the final voice in the decision to provide access to the
MR scanner room.

Physicist perspective

Magnetic resonance imaging has been available in clinical
practice for more than 25 years, but in recent times its role in
pediatric diagnosis has increased significantly. Furthermore,
new techniques and imaging coils for dedicated pediatric use
are being developed at a rapid pace. Risks in the MR environ-
ment continue to evolve withmore frequent use of higher-field-
strength magnets, higher radiofrequency (RF) frequencies, and
more complex equipment. From a practical standpoint, it is
difficult to keep up with the implications for interactions be-
tween the magnetic field and RF pulses, and the patient and

environment. An experiencedMR physicist plays a vital role in
the continuous evolvement and applications of this diagnostic
modality for the care of children. The MR physicist can assist
the team in ensuring patient safety by providing safety train-
ing and consultation and by actively participating in devel-
oping safety policies and procedures [21]. In the role of MR
safety expert (MRSE), the MR physicist offers the skill,
knowledge and competence to provide high-level advice
on the engineering, scientific and administrative aspects
of the safe clinical use of MR devices. In particular, the
MR safety expert works closely with the MR safety officer
and MR medical director to be responsible for (1) the de-
velopment and continuing evaluation of a safety framework
for the MR environment, (2) the development of local rules
and procedures to ensure the safe use of MR equipment and
(3) the offering of advice regarding non-routine MR proce-
dures for individual patients and specific patient groups.

Conclusion

A successful pediatric MR safety program serves to compre-
hensively and iteratively address the safety needs of pediatric
patients. Procedure adoption and revision must make sense
within the context of the department with respect to workflow
and patient care needs. All medical personnel are challenged
by the need for vigilance in patient care, despite numerous
external pressures. Therefore, any successful program must
have the buy-in of all involved parties at each step from sched-
uling to scanning a patient. They must work as a team, with
the unifying goal of caring for children, and must support
one another in a constructive manner. Communication is
the key to success and is facilitated by creating an open,
non-retaliatory environment with respect for individual
perspectives.

Despite one’s best efforts, no program is immune to safety
concerns. However, the success of anMR safety program relies
upon relentless team dedication to safety. Policies should be
viewed as a live body of knowledge, and the process supporting
these policies must adapt to challenges that were not previously
defined or understood within an earlier framework. The recent
issues related to COVID-19 (coronavirus disease 2019) dem-
onstrate the need for flexibility with changing and evolving
demands. However, with appropriate attention to safety con-
cerns, we can proactively address patient care demands and
mitigate the risk to our patients.
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