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here are potential risks in the MR
environment not only for the pa-
tient, but also for the attending

health care professionals, accompanying fam-
ily members, and others who may find them-
selves in the magnetic fields of MR scanners,
such as security or housekeeping personnel,
firefighters, and police. The following is an up-
dated report of the American College of Radiol-
ogy (ACR) Blue Ribbon Panel on MR Safety,
chaired by Emanuel Kanal, MD, FACR [1]. The
panel originally met in November 2001 consist-
ing of the following members: A. James Bark-
ovich, MD; Charlotte Bell, MD (Anesthesia
Patient Safety Foundation); James P. Borgstede,
MD, FACR; William G. Bradley, MD, PhD,
FACR; Joel Felmlee, PhD; Jerry W. Froelich,
MD; Ellisa M. Kaminski, RTR, MR; Emanuel
Kanal, MD, FACR; Elaine Keeler, PhD (Na-
tional Electrical Manufacturer’s Association
[NEMA]); James W. Lester, Jr., MD; Elizabeth
Scoumis, RN, BSN; Loren A. Zaremba, PhD
(United States Food and Drug Administration);
Jeffrey Hayden, BS, RT (R) (MR) (ACR staff);
and Marie D. Zinninger (ACR staff). Upon Dr.
Keeler’s retirement, Shawn Etheridge was ap-
pointed to represent NEMA. 

The original paper was published in the 

 

AJR

 

in June 2002 [1]. After reviewing feedback
from MRI users and other interested parties, as
well as changes that had transpired throughout
the MR industry in the interim, the panel re-
convened in late 2002 and several times in
2003 and agreed on additions and modifica-
tions to the document. The following are
changes to be made to the original MR Safe
Practice Guidelines document published in
2002. The panel intends to post the entire doc-
ument with these changes as well as an execu-
tive summary of the document on the ACR
Web site (www.acr.org) following this publica-
tion. As was indicated in the original publica-
tion, the paper is intended to be used as a
template for MR facilities to follow in the de-
velopment of an MR safety program. These
MR Safe Practices Guidelines were developed
to help guide MR practitioners regarding these
issues and provide a basis for them to develop
and implement their own MR policies and
practices. It is intended that these MR Safe

Practice Guidelines (and the policies and pro-
cedures to which they give rise) be reviewed
and updated on a regular basis as the field of
MR safety continues to evolve.

These White Papers do not attempt to deal
with all aspects of MR safety, but rather
those that apply to already installed, active
sites, whether clinical or research. With the
increasing advent and use of 3.0-Tesla and
higher strength magnets, users need to recog-
nize that one should never assume MR com-
patibility or safety information about a
device if it is not clearly documented in writ-
ing. Decisions based on published MR safety
and compatibility should recognize that all
such claims apply only to specifically tested
conditions, such as static magnetic field
strengths, static gradient magnetic field
strengths and spatial distributions, and the
strengths and rates of change of gradient and
radiofrequency magnetic fields. 

Finally, there are a whole host of other issues
that should be considered during the site-plan-
ning stages that are not dealt with in these arti-
cles. These include, among others, cryogen
emergency vent locations and pathways, 5-gauss
line siting considerations, patient access path-
ways, considerations regarding fringe field
blooming that may result in the event there is a
failure of an actively shielded MR imaging sys-
tem, etc. These issues, and many others, should
be reviewed with those experienced with MR site
planning and familiar with the patient safety and
patient-flow considerations prior to committing
construction to a specific site design. In this re-
gard, enlisting the assistance of an architectural
firm experienced in this area and doing so early
in the design stages of the planning process may
prove most valuable.

It remains the intent of the ACR that these
MR Safe Practice Guidelines will prove help-
ful as the field of MRI continues to evolve and
mature, providing patient services that are
among the most powerful, yet safest, of all di-
agnostic procedures to be developed in the his-
tory of modern medicine. 

This paper addresses four new topics and
then several additions and revisions to the
original paper. Changes to the original paper
are in Appendix 1.
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The four new topics are: 
• DRUG DELIVERY PATCHES/PADS
• PEDIATRIC MR SAFETY:

Sedation and monitoring
Pediatric screening issues
MR safety of accompanying family mem-

bers/personnel
• FETAL MR CONTRAST AGENT

SAFETY CONCERNS
• MR SCANNING OF PATIENTS IN

WHOM THERE ARE/MAY BE CARDIAC
PACEMAKERS and/or IMPLANTED CAR-
DIOVERTER DEFIBRILLATORS (ICDs) 

 

DRUG DELIVERY PATCHES/PADS:

 

Some drug delivery patches contain me-
tallic foil. Scanning the region of the metallic
foil may result in thermal injury [2]. Since
removal or repositioning can result in alter-
ing of patient dosages, consultation with pa-
tient’s prescribing physician would be
indicated in assessing how to best manage
the patient. If the metallic foil of the patch de-
livery system is positioned on the patient so
that it is in the volume of excitation of the
transmitting radiofrequency coil, then the case
should be specifically reviewed with the radi-
ologist/physician covering the case. Alterna-
tive options may include placing an ice pack
directly on the patch. This latter solution
may still substantially alter the rate of deliv-
ery/absorption of the medication to the pa-
tient (and may be less comfortable to the
patient as well). This ramification should
therefore not be treated lightly, and a deci-
sion to proceed in this manner should only
be made by a knowledgeable radiologist at-
tending the patient and with the concurrence
of the referring physician as well.

If the patch is removed, a specific staff
member should be given responsibility for
ensuring that it is replaced or repositioned.

 

PEDIATRIC MR SAFETY CONCERNS: 
Sedation and monitoring issues:

 

Children form the largest group requiring se-
dation for MR imaging, largely because of their
inability to remain motionless during scans. Se-
dation protocols may vary from institution to in-
stitution according to procedures performed
(diagnostic vs interventional), the complexity of
the patient population (healthy preschoolers vs
premature infants), the method of sedation (mild
sedation vs general anesthesia), and the skills
and qualifications of the sedation providers. 

Adherence to standards of care mandates
following sedation guidelines developed by

the American Academy of Pediatrics [3, 4],
the American Society of Anesthesiologists
[5], and the Joint Commission on Accredita-
tion of Healthcare Organizations [6]. In addi-
tion, sedation providers must also comply
with protocols established by the individual
state and the practicing institution. These
guidelines include providing:

• Preprocedure medical history and exam-
ination for each patient

• Fasting guidelines appropriate for age
• Uniform training and credentialing for

sedation providers
• Intra- and post-procedure monitors with

appropriate-sized adapters for children (com-
patible with the magnetic field)

• Method of patient observation (window,
camera)

• Resuscitation equipment including oxy-
gen delivery and suction

• Uniform system of record keeping and
charting (with continuous assessment and re-
cording of vital signs)

• Location and protocol for recovery and
discharge

• Quality assurance program that tracks
complications and morbidity.

For the neonatal and young pediatric popu-
lation, special attention is needed in monitor-
ing body temperature in addition to other vital
signs. Temperature monitoring equipment that
is approved for use in the MR suite is becom-
ing more readily available. Commercially
available MR-approved neonatal isolation
transport units and other warming devices are
also available for use during MR scans.

 

Pediatric screening issues:

 

Children may not be reliable historians, and
especially for older children and teenagers, the
child should be questioned both in the pres-
ence of parents or guardian and separately to
maximize the possibility that all potential dan-
gers are disclosed. Therefore, it is recom-
mended that they be gowned before entering
Zone IV to help ensure that no metallic ob-
jects, toys, etc. inadvertently find their way
into Zone IV with the patient. Pillows, stuffed
animals, or other comfort items brought from
home represent real safety risks and should be
discouraged from entering Zone IV. If un-
avoidable, each should be carefully checked
with the powerful handheld magnet and per-
haps again in the MR scanner itself prior to
permitting the patient to enter Zone IV in order
to ensure that they do not contain any objec-
tionable metallic components.

 

MR safety of accompanying family/
personnel:

 

Although any age patient might request
that others accompany them for their MR ex-
amination, this is far more common in the
pediatric patient population. Those accompa-
nying/remaining with the patient should be
screened using the same criteria as anyone
else entering Zone IV. In general, it would be
prudent to limit accompanying persons to a
single individual. Only a qualified, responsi-
ble MR physician should make screening
criteria exceptions.

Hearing protection and an MR compatible
chair or stool are recommended for accompany-
ing family members within the MR scan room.

 

FETAL MR CONTRAST AGENT 
SAFETY CONCERNS:

 

The decision to administer a gadolinium-
based MR contrast agent to a pregnant patient
should be accompanied by a well-documented
and thoughtful risk-benefit analysis. This anal-
ysis should be able to defend such a decision
to administer the contrast agent based on over-
whelming potential benefit to the patient and/
or fetus outweighing theoretical but potentially
real risks of long-term exposure of the devel-
oping fetus to free gadolinium ions. Studies
have demonstrated that gadolinium-based MR
contrast agents pass through the placental bar-
rier and enter the fetal circulation. From here
they are filtered in the fetal kidneys and then
excreted into the amniotic fluid. In this loca-
tion the gadolinium-chelate molecules are in a
relatively protected space and may remain in
this amniotic fluid for an indeterminate
amount of time until they are finally reab-
sorbed and eliminated. As with any equilib-
rium situation involving any dissociation
constant, the longer the chelate molecule re-
mains in this space, the greater the potential
for dissociation of the potentially toxic gado-
linium ion from its chelate molecule. It is un-
clear what impact such free gadolinium ions
might have if they were to be released in any
quantity in the amniotic fluid. Certainly, depo-
sition into the developing fetus would raise
concern about possible secondary adverse ef-
fects to the developing fetus.

As indicated before, but repeated for added
emphasis, a documented, in-depth analysis of
the potential risks and benefits to that patient
and her fetus is necessary in order to arrive at a
reasonable conclusion as to the clinical advis-
ability of administering a gadolinium-based
MR contrast agent to any pregnant patient.
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MR SCANNING OF PATIENTS IN 
WHOM THERE ARE/MAY BE 
CARDIAC PACEMAKERS and/or 
IMPLANTABLE CARDIOVERTER 
DEFIBRILLATORS (ICDs)

 

It is recommended that the presence of
implanted cardiac pacemakers and/or auto-
implanted cardioverter defibrillators (ICD)
be considered contraindications for routine
MR imaging. Should an exception be consid-
ered, it should be done on a case-by-case and
site-by-site basis and only if the site is
manned with individuals with the appropri-
ate radiology and cardiology knowledge and
expertise on hand. Ideally, the non-emergent
patient should be apprised of the risks asso-
ciated with the procedure and should provide
prospective written informed consent prior to
its initiation. Further, should any MR imag-
ing examination be contemplated for a pa-
tient with an implanted pacing device, it is
recommended that radiology and cardiology
personnel and a fully stocked crash cart and
defibrillator be on hand throughout the pro-
cedure in case a significant arrhythmia devel-
ops during the examination that for whatever
reason does not terminate with the cessation
of the MR study. All such patients should be
monitored for cardiac and respiratory function
throughout the examination. At the conclusion
of the examination a cardiologist/electrophys-
iologist should interrogate the pacemaker to
confirm that the function is consistent with
pre-examination state. We are unaware of
any ICD devices that are designed to be
safely exposed to intentional MR scanning.
In fact, there have been reports of ICD de-
vice malfunction after inadvertent exposure
to MR scanning.

There have been numerous reports of pa-
tients with pacemakers who have undergone
MR examinations, both intentionally as well
as inadvertently, without difficulty or appar-
ent injury. There have also been several pa-

tients who were inadvertently exposed to
MR imaging studies who have died during
the examination and/or very shortly thereaf-
ter. There is an increasing body of evidence
documenting the ability of the MR imaging
process to produce, in specific cases and un-
der certain circumstances, direct cardiac
stimulation and arrhythmias. It is theorized
that such arrhythmogenesis and its severe
hypotensive sequelae were the cause of death
in at least several of these patients, some of
whom were not pacemaker-dependent prior
to the MR examination. It is also becoming
more apparent that the primary cause of such
arrhythmias seems to result from interactions
between the implanted pulse generator
(a.k.a., cardiac pacemaker)-lead circuitry and
the RF power transmitted during the MR im-
aging process.

It should also be noted that there have not
been to date any reports of clinically significant
adverse outcomes for any pacemaker patient
scanned in an MR imaging unit while appropri-
ately monitored with cardiac supervision. 

Some have suggested that it might well be
possible to perform MR imaging examina-
tions on patients with implanted cardiac
pacemakers as long as rigid guidelines were
carefully defined and rigidly adhered to
throughout the imaging process. These in-
clude recommendations, among others, that
ensure that no pacemaker-dependent patient
be scanned, that the RF power transmitted
during the MR imaging process not be de-
posited over the volume that contains the
pacemaker and/or its leads, etc. This guide-
line makes no attempt to judge the scientific
veracity of these observations or claims.
However, it clearly recognizes that even if it
is possible to safely perform MR imaging
examinations on cardiac pacemaker pa-
tients, the expertise necessary to safely do so
is exceedingly rare throughout the MR in-
dustry today. 

The entire field of MR scanning of pace-
maker patients is one that is exhibiting tre-
mendous activity, research, and growth of
late. Fiber-optic pacemaker devices, coated
and/or shielded leads and pacing devices,
and various other designs and configurations
of MR pacing devices and leads are being ac-
tively investigated to attempt to devise MR
safe cardiac pacemakers. It is therefore an-
other area within MR safety that bears close
observation and frequent updates over the
next few months and years as progress con-
tinues to be made toward developing avenues
that will enable pacemaker, and eventually,
perhaps even ICD patients, to have access to
the powerful diagnostic modality that is
magnetic resonance imaging.
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APPENDIX I: Additions and Revisions to the Original Paper 

 

The following are the additions and revisions to the original White Paper published in June 2002 using the 

 

AJR

 

 article [1] as the reference point:

 

Page 1336, Figure 1, MR site floor plan. 

 

Note: All zones in the facility should comply with the Health Insurance Portability and Accountability Act of 1996 (HIPAA)

 

 

 

regulations in re-
gard to patient information privacy. There should be a privacy barrier in Zone III so that unauthorized persons cannot see the control panels. 

 

Page 1337, 2, c. Add– 

 

Specifically, non-MR personnel will be the terminology used to refer to any individual or group who have not within the previous 12 months
undergone the designated formal training in MR safety issues as defined by the MR Safety Director of that installation.

 

Page 1344, Appendix 1,

 

Add above 2, c, as second sentence to definition for non-MR personnel.

 

Page 1337, 3, Add new paragraph–

 

The screening process and screening forms for patients, Non-MR Personnel, and MR Personnel should be identical. Specifically, one should
not rely on or assume that the accompanying Non-MR Personnel, health care practitioners, or MR Personnel will not enter the bore of the
scanner during the MR imaging process. This might be the case if a pediatric patient cries for his mother and she leans into the bore or the
anesthetist might lean into the bore to manually ventilate a patient should a problem arise, etc.

 

Page 1337, 3, old c. Add a new paragraph 2–

 

Level One MR Personnel are themselves permitted unaccompanied access throughout Zones III and IV. Level One MR Personnel are also ex-
plicitly permitted to be named as responsible for accompanying Non-MR Personnel into and throughout Zone III excluding Zone IV. However
it should be noted that Level One MR Personnel are NOT permitted to directly admit into or to be designated as responsible for, Non-MR Per-
sonnel in Zone IV.

 

Page 1341, G, 2. Replace the entire section with the following– 

 

Electrical voltages and currents can be induced within electrically conductive materials that are within the bore of the MR imager during the
MR imaging process. This might result in heating of this material by resistive losses. This heating might be sufficient to cause injury to human
tissue. Among the variables that determine the amount of induced voltage/current is the consideration that the larger the diameter of the con-
ductive loop the greater the potential induced voltages/currents and thus greater potential for resultant thermal injury to adjacent or contiguous
patient tissue. Therefore, for electrically conductive material, wires, leads, implants, etc., that are required to remain within the bore with the
patient during imaging, care should be taken to ensure that no large-caliber electrically conducting loops (including patient tissue) are permit-
ted to be formed within the MR scanner during imaging.

Furthermore, it is possible with appropriate configuration, lead length, static magnetic field strength, and other settings, to introduce resonant
circuitry between the transmitted RF power and the lead. This could result in very rapid and clinically significant lead heating, especially at the
lead tips, in a matter of seconds to a magnitude sufficient to result in tissue thermal injury/burns. This can also theoretically occur with im-
planted leads or wires even when they are not connected to any other device at either end. Thus exposure of electrically conductive leads/wires
to the RF transmitted power during MR scanning should only be performed with caution and with appropriate steps taken to ensure that signif-
icant lead/tissue heating does not result.

 

Page 1341, G, 9. 1st sentence should be modified to start–

 

As noted above, it has been demonstrated that resonant circuitry can be established during MR imaging between the RF energies being trans-
mitted and specific lengths of long electrically conductive wires/leads which can thus act effectively as efficient antennae. This can result in
heating of the tips of these wires/leads to in excess of 90 degrees Celsius in a few seconds. Therefore, patients in whom there are long electri-
cally conductive leads such as Swan-Ganz thermodilution cardiac output capable catheters…. 
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