Special Report
The Value of Published Data on MR Compatibility of Metallic Implants
and Devices
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Since the advent of magnetic resonance (MR)
imaging , there have been numerous studies of MR
compatibility of various metallic implants, materi a ls, and devices ( 1-15) A well-publicized case of
unilateral blindness as a result of ocular trauma
from an unsuspecte d metallic fragment in the eye
of one patient (16) helped focus attention on this
issue ( 1) . There have been attempts to compile a
centralized literature reference of the compatibility
of these devices (6-8) . Relying too heavily on
these data may result in catastrophic events,
whereas ignoring the published body of data may
prove inefficie nt or dangerous . Determining why
the se data exist and what their actual limitations
may be are the major objectives of this report.
Discussion

After a recent death from exposure of a patient
with a ferromagnetic intracranial aneurysm clip to
an MR system (17-18) , the United States Food
and Drug Administration (FDA) has stated that
" ... published studies cannot be relied upon to
establish the safety of any particular clip design"
(19). The statement of the FDA results in part
from the fact that manufacturers of devices may
alter the composition and/ or material make-up of
these devices without being required to notify the
FDA, the s urgeon , the radiologist, or the patient
regarding such a change. Manufacturers do not
need to notify the FDA as long as , according to th e
man ufacturer itself, the proposed modification will
not " . .. significantly affect safety or effectiveness
of the device" (20) . The exact wording from the
FDA guide lines is as follows:
The m anufacturer is responsible for determinin g if a
proposed dev ice change or m odifi ca ti on warrants
subm iss ion of a 51 0 (k) . It is not FDA's intent that a

51 O( k ) must be submitted for every change in design,
material , chemical composition , energy source , or
manufacturing process , but only where such changes
could significantly affect safety or effectiveness of the
devic e. FDA believes that the manufacturer is best
qualified to make this determination, which should be
based on the exercise of good judgement, adequate
supporting data , and sufficient documentation (20) .

It is possible to interpret the statement regarding the potential to affect the device's safety or
effectiveness vis-a-vis the stated purpose and
function of the device itself, and not its potential
interactions , for example, with an external magnetic field. In other words, there is no requirement
at the present time that implant device manufac turers provide any statements whatsoever regarding the MR compatibility of their devices. They are
not required to describe the magnetic-attractive
properties of their devices nor their functional sensitivity to external magnetic fields. This guideline
is presently being reexamined by appropriate
bodies within the FDA (19).
Manufacturers may modify the composition of
any given device, such as an aneurysm clip, if in
their judgment they feel that the alteration is warranted and does not significantly affect the safety
or effectiveness of that particular clip. There are
currently no quality control guidelines in place
that mandate that individual batches of manufactured implant devices be tested for possible interactions with externally applied magnetic fields
(oral communication, Robert Phillips of the Office
of Device Evaluation, Center for Devices and Radiological Health, FDA, May 19, 1993). Thus devices from different manufacturing runs, or
batches, may differ in their reactions to magnetic
fields.
Therefore, the data published in all of these
peer-reviewed articles-and in those from the
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manufacturers themselves-are simply "snapshots" of data as they were at that time and for
those particular devices tested (18). The FDA is
presently investigating what role, if any, it may
play in requiring a statement describing interactions between externally applied magnetic fields
and a device that is to be implanted into a patient
(19) (oral communication, Robert Phillips, May
19, 1993).
Of what use are these lists and articles? If the
data cannot be relied on, how might one determine whether such exposure will subject a patient
to significant risk from a "projectile effect"?

Recommendations
Several guidelines should be developed to address this issue. Because we cannot apparently
rely on present product labeling even if it claims
MR compatibility (oral communication, Robert
Munzener, PhD, Branch Chief for Neurological Devices, FDA, Office of Device Evaluation, August
1993), we strongly recommend that the FDA
standardize such product labeling. The FDA
should mandate a labeling requirement that the
manufacturers of such devices state the ferromagnetic properties and sensitivities of their devices.
Until that time, one must assume that there is a
potential for any device to be affected by magnetic
fields. Therefore, all such devices must be regarded as posing safety concerns in interactions
with the static magnetic field of the MR system.
The advisability of permitting a patient with such a
device into the MR suite must be investigated in
every case.
The data from peer-reviewed published lists
and tested devices permit us rapid access to information at least regarding that snapshot in time
when a particular device was tested. If we can
determine that a patient has a particular brand,
type, and model implant, the manufacturer of this
device could be contacted, and further information might be exchanged (preferably in a written
format) regarding the manufacturing history of the
device in question. One would inquire about any
deviations in the manufacturing process of that
device (since the date of the published data) that
might affect its magnetic-attractive properties.
Does the manufacturer have any data that demonstrate magnetic field compatibility for the static
magnetic field strength of the MR system to which
you expect to expose this patient? Is this available
for random sampling of these devices from various batches, or was it a one-time test of one or
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several specific devices? Positive findings of paramagnetic or ferromagnetic * properties of these
devices are more useful (in excluding the patient
from the study) than are negative or unclear histories. Knowing the component metallic make-up
of the device also may assist the radiologist in
determining what, if any , magnetic field distortion
artifacts may result from imaging the region of the
device with the anticipated scan parameters and
protocols selected.
Our own sites' evaluation of MR safety of patients with implanted devices has changed several
times. We initially scanned no patients with intracranial aneurysm clips of any kind. We subsequently agreed to scan them if it could be reliably
verified that the clip was of a type that had been
previously tested and reported on and found not to
be attracted by the magnetic fields of the strengths
tested. We now recommend the following guideline for assessment of aneurysm clips that have
not yet been implanted:
All intracranial aneurysm clips should be tested
in an MR imager bay for magnetic-attractive properties before they are brought into the neurosurgical suite. For example, all intracranial aneurysm
clips, as they arrive at our institution(s) , would be
removed from their packaging, placed flat on a
freshly cleaned and dried sheet of plate glass, and
placed within the bore of the MR system. (Our
neurosurgeons [E.K.] do not permit individually
sterilized/packaged aneurysm clips into the operating room, because they want rapid access to
multiple types of clips on a single tray.) If there is
no sign of aneurysm clip motion, either rotational
or translational even with tapping/drumming the
fingers on the undersurface of the glass , the person performing this testing would record the re sults, and the clips would then be resterilized for
possible surgical implantation.
This information (ie, the clips having been so
tested and found to be not attracted by the MR
system's magnetic field) would then find its way
into the surgical report or permanent record of the
patient. Only with such documentation would patients with intracranial aneurysm clips be permit* Pa ramag netic objects are those th at have the potential to align along
the direction of an externa ll y appli ed magnetic field. Ferromag netic objects
are a subtype o f paramagnetic (whic h may reta in the ir m agnetic interna l
alig nment eve n afte r removi ng the extern ally applied magnetic fie ld). With
grea ter-strength mag netic fields bei ng used and investigated, eve n pa ram agnetic (and not ferrom ag netic) objects may pose potential risks at these
ve ry high fie ld strengths. We have th us used the more broad category of
paramagnetic herein to incl ude potent ial problems tha t may arise with this
category of devices in genera l.
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ted into an MR suite (of similar or lower static field
strength than that tested) without the need for
further investigation. It should be understood that
such a practice is far from foolproof; the effects of
magnetic fields are nonlinear, and what we find at
the field strength of an unshielded MR system does
not guarantee what effects might be present at
higher strengths or at sites where magnetic shielding may be in place. For now, however, it is the
only test that we have for such screening information, and, imperfect as it may be, until a consensus is reached on how to assess magnetic properties, it is the mechanism that we recommend.
A similar policy should be applied to any metallic device (to be implanted in an anatomically
sensitive location) that is amenable to MR magnet
testing before implantation. It is crucial that the
results of such testing become an integral part of
the written record of that patient, and that the
person responsible for overseeing such testing be
identified therein. It is only in such a manner that
one can be somewhat certain that the metallic
device does not pose a projectile-effect risk to the
patient.
It is only in such a manner that true informed
consent might be obtained from the patient. Precluding a patient from ever undergoing an MR
examination as a consequence of the implantation
of such a device should be part of the information
on which informed consent is obtained and provided. It should be incumbent on the manufacturers of all implantable devices to include a statement regarding the effects of magnetic fields on
their device as a part of the device's approved
labeling. It then should be incumbent on both the
manufacturer of the device and the physician implanting it to inform the patient of any possible MR
restrictions that may result from its implantation
to obtain the necessary truly informed consent.
Such a practice would significantly assist the MR
industry by ensuring the safety of the patients who
undergo such examinations.
These suggestions are being considered by the
FDA ( 19) but are not presently FDA guidelines or
even recommendations. Until such changes in
product labeling are effected, it is incumbent on all
radiologists to ensure the safety of patients undergoing MR examinations. Awareness of the advantages-and limitations-of published testing results anti compiled literature lists will enable us to
apply them wisely in screening patients for entry
into the MR environment.

AJNR: 15, August 1994

References
1. Dujovny M, Kossovsky N, Kossowsky R, et al. Aneurysm clip
motion during magnetic resonance imaging: in vivo experimental
study with meta llurgical factor analysis. Neurosurgery 1985; 17:
543-548
2 . New PFJ, Rosen BR, Brady T J , et al. Potential hazards and artifacts of ferromagnetic and nonferromagnetic surgical and dental
materials and devices in nuclear magnetic resonance imaging.
Radiology 1983;147:139-148
3. Shellock FG, Crues JV. High-field MR imaging of metallic biomedica l implants: an in vitro evaluation of deflection forces and temperature changes induced in large prostheses. Radiology 1987;
165:150
4. Shellack FG . Ex vivo assessment of deflection forces and artifacts
associated with high-field MRI of "mini-magnet" dental prostheses. Magn Reson Imaging 1989;7(suppl 1 ):P38
5 . Shellock FG , Crues JV. High-field MR imaging of metalli c biomedical impl ants: an ex vivo evaluation of deflection forces. AJR Am
J Roentgeno/1988;151 :389-392
6. Shellock FG. MR Imaging of metallic implants and materials: a
compilation of the literature. AJR Am J Roentgenol 1988; 151:
811-814
7. Shellack F , Curtis J . MR imaging and biomedical implants, materials, and devices: an updated review. Radiology 1991;180:
541-550
8. Shellock FG, Morisoli S, Kana! E. MR procedures and biomedical
implants, materials, and devices. Radiology 1993;189:587-599.
9 . Holtas S, Olsson M , Romner B, Larsson EM, Saveland H, Brandt L.
Comparison of MR imaging and CT in patients with intracranial
aneurysm clips . AJNR Am J Neuroradio/1988;9:891-897
10. Huttenbrink KB, Grobe- Nobis W. Experimentelle untersuchungen
und theoretische betrachtungen uber das verha lten von stapesmetall-prosthesen im magnetfeld einos kernapintomographen.
Laryngol Rhinal Otol (Stuttg) 1987;665:127-1 30
11. Becker R, Norfray JF, Teitelbaum GP, et al. MR imaging in pa tients with intracranial aneurysm clips. AJNR Am J Neuroradiol
1988;9:885- 889
12. Randall PA, Kohman LJ , Scalzetti EM, Szeverenyl NM, Panicek
DM. Magnetic resonance imaging of prosthetic cardiac valves in
vitro and in vivo. Am J Cardia/ 1988;62:973-976
13. Romnor B , Olsson M, Ljunggren B , et al. Magnetic resonance
imaging and aneurysm clips. J Neurosurg 1989;70:426-431
14. Augustiny N, von Schultess GK, Meier D , Bosiger P. MR imaging
of large nonferromagnetic metalli c implants at 1.5T. J Comput
Assist Tomogr 1987;11 :678-683
15. Teitelbaum GP, Bradley WG, K loin BD. MR imaging artifacts,
ferromagnetism , and magnetic torque of intravascular filters ,
stents, and coils . Radiology 1988; 166:657-664
16. Kelly WM, Paglen PG, Pearson JA, San Diego AG, Soloman MA.
Ferromagnetism of intraocular foreign body causes unilateral
blindness after MR study. AJNR Am J Neuroradiol 1986;7:243245
17. Klucznik RP, Carrier DA, Pyka R, Hald RW. Placement of a ferromagnetic intra cereb ral aneurysm clip in a magnetic field with a
fatal outcom e. Radiology 1993;187:855-856
18. Kana! E, Shellock FG. Magnetic resonance imaging of patients
with intracrania l aneurysm clips. Radiology 1993;187:612- 614
19. FDA stresses need for caution during MR scanning of patients with
aneurysm c lips . In Medical devices bulletin. Center for Devices
and Radiological Hea lth . 1993; 11 (3): 1-2
20. Premarket notification: 510(k) regulatory requirements for medica l devices. U.S. Department of Hea lth and Human Services,
Public Hea lth Service, Food and Drug Administration, 1988.

