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PREFACE

Magnetic resonance imaging (MRI) and recently also
magnetic resonance spectroscopy (MRS) have been gaining awide-
spread acceptance and many applicationsin clinical settings. These
imaging devices utilize three types of fields, namely, the static
magnetic field, the time-varying magnetic field and the radio-
frequency (RF) field. Since each of the fields produced by MRI or
MRS devices, if of a sufficient intensity, can produce detrimental
biological effects, questions have been raised regarding the safety
of these devices. Guidelines on device characteristics and patient
and operator exposure have been published in some countries
(the United States, the United Kingdom, the Federal Republic of
Germany).

This document briefly reviews biological effects of various
fields used in magnetic resonance devices and provides general
guidance on exposure levels to the patient and to the operator. The
levels cited should not be considered as strict limits which if
exceeded would result in a dangerous situation, but rather indicate
the presently established levels below which potential hazards, if
any, are considered minimal, if any. Higher exposurelevelsmay still
be safe, depending on variousfactors. For patient exposures exceed-
ing the specified safe limits, the usual risk-benefit assessment has
to be made.

This document was prepared by Dr. M.A. Stuchly, and
reviewed by Mrs. D.A. Benwell, Dr. S.S. Mohanna, and Dr. M.
Smith of the Bureau of Radiation and Medical Devices. Numerous
valuable comments were provided by Dr. M.J. Bronskill, of
Princess Margaret Hospital, Toronto, Ontario; Dr. L.D. Brown,
Saskatchewan Labour, Regina, Saskatchewan; Mr. T.E. Dalgleish,
Nova Scotia Department of Health, Halifax, Nova Scotia; Drs. D.J.
Dorst, R.L. Nicholsonand F. Prato of St. Joseph’ sHospital, London,
Ontario; Mr. B. Phillips, British Columbia, Ministry of Health,
Vancouver, British Columbia; Dr. A.M. Sourkes, Manitoba
Cancer Foundation, Winnipeg, Manitoba; Dr. R.T. Thompson,
VictoriaHospital, London, Ontario; and Mr. J.M. Wetherill, Alberta
Workers' Health, Safety and Compensation, Edmonton, Alberta.



Interpretation and further details of the recommendations of
this safety code may be obtained from the Non-lonizing Radiation
Section, Bureau of Radiation and Medical Devices, Environmental

Health Directorate, Health Protection Branch, Ottawa, Ontario,
K1A OL2.
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1. INTRODUCTION

In recent years magnetic resonance (MR) has emerged as a
diagnostic tool for clinical invivoimaging (MRI) and spectroscopy
(MRS). Magnetic resonance clinical imaging offers important
advantages which have stimulated rapid development of various
systems and applications. Information is obtained on chemical and
structural body properties and their pathology which in some cases
cannot be obtained by other imaging modalities such as computer-
ized tomography (CT) or ultrasound. Other advantages include the
availability of images of the body in any cross-sectional orientation
without loss of image quality, and the possibility of identification
of vascular structures without introduction of an intravenous con-
trast agent(32),

Magnetic resonance devices use a strong magnetic field, a
time-varying magnetic field and a radiofrequency (RF) field to
obtainimagesof thebody in selected planes. Thephysical properties
utilized are the magnetic moment and spin properties of specific
nuclei contained in biological molecules. The most common
nucleusfor imaging isthe single proton hydrogen atom but imaging
using other nuclei is being developed. Properties of such nuclei is
phosphorus (31P), carbon (13C), sodium (23Na) and others are used
for in vivo MRS,

As with any technology, even when beneficial in medical
applications, it isnecessary to consider carefully the potential health
hazards and to develop and implement proper safety precautions.
There are several safety factors that have to be considered with
respect to clinical use of MR for human beings. In this safety code
biological effects of fields used in MR are briefly reviewed. Infor-
mation isalso given on guidelines regarding MR in other countries.
General guidance is provided regarding what patient and operator
exposure levels are considered safe at the present time. Advice is
also provided with respect to cardiac pacemakers and metallic
implants. However, other safety issuesnot directly related to human
exposure to electromagnetic fields are not addressed here. These
include possible injury by flying projectiles (because of the forces
acting on ferromagnetic objects in the static magnetic field), injury
due to cryogenic magnet quench, and electromagnetic interference



by MR fields with other medical devices (e.g. ECG monitors).
Advice regarding these problems is given in another Health and
Welfare publication(3).

2. EXPOSURE LEVELSFOR TYPICAL DEVICES

Presently available commercial human imaging systems
produce a magnetic field inside the magnet bore with flux densities
ranging from 0.02 T (Tedla) to 2 T, depending on the system. The
magnetic fields are produced by a permanent magnet, by aresistive
magnet (only below 0.3 T), or by a superconducting magnet.
Outside the magnet bore the magnetic flux densities decrease with
distance away from the magnet.

The magnetic flux density outside the system depends on the
field strength of the magnet as well as the system design (the bore
size, shielding, etc.). Measurements around the FONAR QED-80
imaging system (0.04 T) indicate that the magnetic flux density
changesfrom 0.04 T in the imaging volume to 0.6 mT at the end of
the patient table®. The level in the control room was about
0.4 mT(2). Measurements performed by the Bureau have shown that
for a0.15 T MRI system (Teslacon Technicare, TM) the magnetic
flux density at the entry to the magnet is0.1 T, decreasing to 15 mT
at adistance of about 1 m from the surface of the magnet housing,
and to less than 1 mT at 3 m. For a 0.5 T MRI system (Philips
Gyroscan, 515) the magnetic flux density at the magnet entry is
about 0.12 T, 30 mT at adistance of 1 m, and 3 mT at 3 m from the
surface of the magnet housing. For a 1.9 T MRS system (Oxford
Research TMR 32/20) with a small bore (0.26 m) the magnet flux
density at the entry isabout 0.8 T, decreasing to 12 mT at adistance
of 1 m, andlessthan 1 mT at 3 m.

Time-varying magnetic fields are superimposed on the static
magnetic field to obtain spatial information in MR imaging and
spectroscopy devices. These fields are of low magnitude compared
with the static field.



RFfields are produced inside the magnet bore by transmitting
coils. The RFfieldsare pul sed, and various pul se sequences are used
by different systems. Several sequence options are availablein each
system. The frequency of RF fields depends on the strength of the
static magneticfield. InMRI systemsimaging protonsthefrequency
ranges from about 6.4 MHz for a0.15 T system to about 85 MHz
fora2 T system. Variousfrequenciesare used in MRS. The average
RF power or MR systems varies from a few to a few tens of watts
(W). The peak RF power of the pulses may reach afew kW. Outside
the magnet housing, intensities of RF fields are very low. Measure-
ments by the Bureau performed for 0.15, 0.5,and 1.9 T systemshave
indicated that the RF magnetic field strength isbelow 0.05 A/m (the
sensitivity of the survey instrument used) anywhere outside the
magnet housing.

On the basis of the available data it can be evaluated that
operators of MR clinical devices are likely to be exposed to mag-
netic fields below 2 mT for long time periods. This is because the
operator spends alot of time at a console containing Cathode Ray
Tubes (CRTSs), which produce distorted pictures in magnetic fields
above about 0.5 mT. The actual exposure level depends on the
magnetic field and the siting of the system. For short periodsof time,
while placing the patient in the imaging device, the operators and
other personnel may be exposed to much stronger fields. Hands and
arms may be exposed to the nominal magnetic flux density of the
system when placed inside the magnet bore.

3.  EXPOSURE GUIDELINESIN OTHER COUNTRIES

In the United States, the Food and Drug Administration
(FDA) of the Department of Health and Human Services published
in 1982 “ Guidelines for evaluating el ectromagnetic risk for trials of
clinical NMR* systems’(14), The guidelines are directed to spon-
sors, manufacturers and researchers of clinical MR devices, and

* NMR — Nuclear Magnetic Resonance




specify the levels of the fields which when exceeded require evalu-
ationintermsof “significant risk”. “ Significant risk” doesnot mean
that adeviceistoo hazardousfor clinical studies. The FDA guideline

limits are:

(i) static magnetic fields—whole or partial body exposures
of 27T,

(ii) time-varying magnetic fields — whole or partial body
exposures of 3 T/s, and

(iil) RFfields—exposureto RF fieldsthat resultsin aspecific
absorptionrate (SAR) that exceeds 0.4 W/kg asaveraged
over awhole body, or 2 W/kg as averaged over any one
gram of tissue.

In the United Kingdom the National Radiological Protection
Board recommended in 1984 that the following conditions be
fulfilled during operation of MR clinical imaging equipment(d):

(i) The static magnetic field should not exceed 2.5 T to the
whole or to a substantial portion of the body for those
exposed to the imaging process. Staff operating equip-
ment shoul d not be exposed for prolonged periodsof time
to more than 0.02 T to the whole body and 0.2 T to arms
and hands. For short periods less than 15 min/h these
limitsare increased to 0.2 T for thewholebody and 2 T
to arms and hands.

(if) The rate of change of magnetic flux density should not
exceed 20 T/sfor durations of change greater than 10 ms,
and for shorter periods the relationship (dB/dt)2 t < 4
should be observed where (dB/dt) isthe rmsvalue of the
rate of change of the magnetic flux density in T/sandtis
the duration of changein s.

(iii) Exposure to RF fields should not result in arisein body
temperature of more than 1°C (whole body and in any
gram of tissue). Thismay be ensured by limiting themean
specific absorption rate (SAR) to 0.4 W/kg in the whole
body, and 4 W/kg in any gram of tissue.



The document also recommends that it might be prudent to
exclude from MR imaging pregnant women during the first three
months of pregnancy. Persons fitted with cardiac pacemakers and
large metallic implants are also subject to specia precautions,
although they are not excluded from imaging.

In the Federal Republic of Germany, the Federal Health
Office published in 1984 “Recommendations for the prevention of
health risks caused by magnetic and high-frequency fieldsin NMR
tomography in vivo and NMR spectroscopy” (2. These recom-
mendations are addressed to physicians using the equipment. The
following limits are recommended (for the patient):

(i) astatic magnetic field of 2 T (whole or partial body); for
people wearing cardiac pacemakers exposures to the
magnetic flux greater 0.5 mT should be avoided,

(ii) the time-varying magnetic field should not induce a
current density exceeding 3 pA/cm? for switching times
10 msand longer, and 30/t _ w/A/cm? for shorter switch-
ing times, wheret (ms) isthe switching time,

(iii) RF exposure should not result in a specific absorption
rate (SAR) greater than 1 W/kg, as averaged over the
whole body, and 5 W/kg as averaged over any kilogram
of tissue, excluding eyes.

4. HEALTH EFFECTSOF MR FIELDS

General reviews of health effects of MR fields have been
published(®7.24.2530) " |n addition, comprehensive reviews of the
biological effects of static magnetic fields(?®), time-varying
magnetic fields® and RF fields1) are also available. Therefore,
only abrief outline of biological effects of each of the three types
of fieldsis given. A relatively limited number of studies have been
reported on effects of MR exposures (all three fields), and these are
reviewed here.



4.1 Static Magnetic Field

Static magnetic fields can interact with biological systems by
exerting forces on molecules and cells having diamagnetic suscep-
tibility. They can also affect enzyme kinetics and act on moving
charges (including moving fluids). Molecules and some cellular
structures such as retinal rods, DNA, and sickle cells are magneti-
cally anisotropic, and therefore a force acts upon them in a static
magnetic field, which tends to orient them with the field. Fields of
the order of about 0.3 to 2 T have been reported to be effective in
causing orientation in samples studies in vitro(4:6.7:39) . Enzymatic
react(i 8ns can be affected by strong magnetic fields of the order of
20 T'O),

A static magnetic field exerts a force on a moving charge in
the field. The force is directed perpendicularly to the direction of
the field and the direction of the motion. Through this mechanism
magnetic fields can distort current loops for nerve conduction
(propagation of the action potential) and can cause adecreasein the
conduction potential and a decrease in the conduction velocity.
Strong fields above 24 T are required for this effect(6:30),

Another type of interaction involves moving conducting
fluids such as blood flow and periodic movement of certain body
parts e.g. chest and heart contractions. Motion of a conductor in a
magnetic field resultsin induction of apotentia across the conduc-
tor, or in the case of a human being across a blood vessel. The
induced voltage depends on the magnetic flux density, the vessel
diameter, blood flow rate and the orientation of the blood vessels
with respect to the direction of the field. These potentias are
detectable in ECG; however they are physiologically insignificant
until a threshold for the depolarization of cardiac muscle fibersis
reached. An approximate “worst case” calculation indicates that
2.5 T induces flow potentials of the order of 40 mV, which is the
depolarization threshold for individual cardiac muscle fibers?4).
However, the calculated potential refers to the cross-section of the
aorta, and much lower potentials are induced across individual
cells?¥), The potentials induced by movement of cross-sections
wch(g)sthethorax aremuch lower than those cal cul ated for the blood
flow'®),



The available scientific data on biological effects of static
magnetic fields is rather limited and inconsistent(4-7.24.25,28.30) On
the basis of anumber of carefully performed studies, the following
important biological processes appear not to be affected by static
magnetic fields up to approximately 2 T(39: (1) cell growth and
morphology, (2) DNA structure and gene expression, (3) reproduc-
tion and development, (4) bioel ectric properties of isolated neurons,
(5) animal behaviour, (6) visua response to photic stimulation,
(7) cardiovascular dynamics, (8) hematological indices, (9) immune
response, (10) physiological regulation and circadian rhythms.
However, the scientific data base, at present, is not sufficient to
assess the risk of exposure to higher static fields0).

There have been very few human studies. Some evidence has
emerged which indicates that occupational exposures of humansto
up to 2 T for durations of a few hours do not seem to cause any
adverse effects. Exposuresto up to 0.5 T for prolonged periods of
time did not result in any deleterious effects. These conclusions are
drawn from astudy of workersin nuclear physicslaboratories®25),
Exposure limits of 0.01 to 0.03 T for 8h/day have been recom-
mended for workers in nuclear physics laboratories in various
countries?”), and can therefore serve as a reference level for MR
operators. The guidelines permit, however, higher exposures for
short periods of time.

4.2 Time-Varying Magnetic Field

Time-varying magnetic fieldsinteract with biological systems
primarily through induction of internal electric currents so called
“eddy currents’. The magnitude of the current depends on the time
rate of change of the magnetic flux density and on the radius of the
current loop. The current loops are in planes perpendicular to the
direction of the magnetic field. The threshold current densities for
known biological effects have been established(5-7:2425.30) The
effects include fibrillation, electroshock, induction of visual
phosphenes, and initiation of impulses in nerve and muscle cells.
The thresholds are functions of the rate of change of the magnetic
flux density and the time duration of the applied time-varying field.



Current densities induced in a human body and its parts should be
calculated by assuming a “worst case” radius loops, i.e. the largest
realistic loop under practical exposure conditions.

Approximate threshold current densities in living tissues are
as follows(0): (1) 1 A/m? for cardiac fibrillation, (2) 10 mA/m? for
reversible visual effects (magnetophosphenes), (3) 10-100 mA/m?
applied chronically for irreversible alterations in the biochemistry
and physiology of cells and tissues (e.g. current densities used in
bone healing). Fieldsthat induce current densities|essthan approxi-
mately 1-10 mA/m2, which is the range of endogenous current
densities (EEG, EK G) appear to causefew, if any, biological effects
for non-chronic exposures39),

Evaluation of the above thresholds and biological effects
observed has led to the conclusion that human exposureto 3 T/sis
of minimal, if any, health hazard?”, and was adopted in the U.S.
recommendations!¥). The U.K. recommendation® of 20 T/s was
based on an estimate that this rate of change of the magnetic flux
induces amaximum of 0.3 A/m2in any part of the body, whichisa
factor of approximately 3 below the threshold for cardiac fibrilla
tion. The F.R.G. recommendation(?2 of 30 mA/m? corresponds
approximately to 3 T/s(39). The higher limits for short-duration
pulses(lessthan 10 ms) inthe U.K. and the F.R.G. recommendations
are based on the relationship between the duration of the electric
current flow and human response(®.

Recently, a study was performed to assess effects of pulsed
magnetic fields on foetal development in micell?). Exposures
ranged from 3.5 — 12 kT/s with pulse periods 0.33 — 0.56 ms.
Exposures were of short durations during various stages of gesta-
tion. Someexposure conditionsresulted in stimul ation of superficial
skeletal muscle. No adverse effects were observed on pregnancy,
litter size and growth of off-springs of exposed mice as compared
to controls(17),

4.3 Radiofrequency Field

Detrimental health effects from exposure to radiofrequency
(RF) fields are associated with high rates of energy deposition.



Because the interactions of RF fields depend on the field frequency,
type of field (electric, magnetic, far-field, near-field) and the body
size and shape, a parameter called the specific absorption rate,
(SAR) has been used to quantify the effects. The SAR is the dose
rate, defined as the rate at which RF energy is imparted into a unit
mass of the exposed biological body. The unit of the SAR isthewatt
per kilogram (W/kg). The SAR is usually spatially nonuniform
within the human body. In the case of MR systems, the spatial
distribution depends on the design of the transmitter coils, the
frequency, and the shape, size and tissue type of theimaged object.

Exposure to RF fields at sufficient SARs results in local or
whole-body temperature increases(1D). It has been estimated that a
whole body average SAR between 1 and 4 W/kg for short durations
(approximately 1 h) produces significant increases in human body
temperatures, (about 0.5°C at SAR = 1.4 W/kg) at ambient tempera-
tures of 25 to 30°C(11). Higher increasesin whole-body temperature
can be expected in people having impaired thermoregul atory capa-
bility. Furthermore, local temperatureincreasesin locations of high
SARs may be much greater(1D).

Effectsof RFfieldson various systemshavebeeninvestigated
and threshold limitsin terms of the SAR and exposure duration have
been established for several effectsID). Many of the effects can be
explained on the basis of general or localized heating. However,
some of the effects are due to other non-therma mechanisms.
Several potentially significant effects have been documented at
whole-body average SARs of 1 to 3 W/kg for prolonged exposures.
Theseinclude: behavioral response alterations, promotion of cancer
development in mice, a decrease in the number of Purkinje cellsin
the brain of rats, changes in endocrine gland function and blood
chemistry, and reversible changesin hematol ogic and immunologic
systems1), Furthermore, such non-thermal effects as changes in
cellular energy metabolismin therat brain and changesin calcium-
ion efflux have been reported. Thelatter arefor RF fields modul ated
at extremely low frequencies (i.e. frequencies between 1 and
300 Hz). RF fields resulting in higher SARs between 4 and 8 W/kg



have been shown to result in such detrimental effects in experi-
mental animals as behavioral disruption, temporary sterility, and
bradycardiaL).

Human data are very limited and not useful for the develop-
ment of quantitative recommendations on safe exposure limits.

4.4 Magnetic Resonance Fields*

A few studies have been performed on cellsand animalsusing
MR fields. Practically none of these experiments have been corro-
borated by studies in more than one laboratory. No detectable
mutagenic or cytotoxic effectswerefound in Chinese hamster ovary
(CHO) cellsexposedto MR fieldsof 0.35 T, 4.6 T/sand apeak SAR
of 2.9 W/kg at 15 MHz (4 pulses of 5 ms duration)(@5). Under the
same exposure conditions no chromosomal damage was found in
CHO cells in culture exposed for 14 h(3%. Mice were exposed to
MR fieldsof 0.7 T at an average SAR ~ 0.087 W/kg (estimated) for
1 h. No differences in chromosomal aberrations in bone marrow
cells were found between the exposed and control mice(2Y),

Various bacteria strains were exposedto 1 T, 1 T/s and an
average RF power of 0.097 W with no mutagenic or lethal effects
found®D. Human hymphocytes were exposed under the same
conditions and no significant adverse chromosomal effects were
observed®. Rats and guinea pigs were exposed to fields of 0.16 T
and 2 T/sand alack of changesin the blood pressure, heart rate and
ECG was reported(33).

On the other hand, mice exposed to MRI fields (a 0.15 T
system) failed to exhibit the normal nocturnal enhanced morphine
analgesia during the mid-dark period. Animals exposed during the
mid-light period had weaker response to morphine-induced analge-
sia. These results may reflect field-induced alterations in neuronal
binding and/or changesin the pineal gland activity(19).

* Magnetic Resonance fields are defined as al three fidlds (static, time-
varying magnetic field, and RF field) used in MR devices.
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Experience with humans clinically exposed to MR fields
isrelatively small, as the devices have not been in use long enough
to provide the opportunity for a long-term medical assessment
of patients and volunteers®®630), A six-month follow-up of
181 patients and 70 volunteers did not find any changes in cardiac
and neurological functions. However, the MRI device used in these
studieshad astatic field of only 0.04 T. No visua or central nervous
system effectswerefound in 118 patients whose heads wereimaged
by MRI(30),

4.5 Cardiac pacemakers and Metallic Implants

Cardiac pacemakers can be affected by each of thethreetypes
of fields produced by MR clinical devices. The static magnetic field
affects the reed switch in programmable demand pacemakers and
reverses them into asynchronous operation. The static field aso
exerts forces (torque) on ferromagnetic components within the
pacemaker, which may result in amovement of the pacemaker. Six
representative pacemakersfrom different manufacturerswereinves-
tigated in MRI fields up to 0.5 T(29), Minimum flux densities of the
static magnetic field that altered reed switch position ranged from
1.7to0 4.7 mT depending on the pacemaker type. Inthisinvestigation
the pacemaker was outside the human body. The reed switch
returned totheoriginal position when the pacemakerswereremoved
from the field for magnetic flux densities of 1.3 to 3 mT. All six
pacemakers experienced forces and torques when placed inside
MRI systems operating at 0.5 T. The authors considered the torque
on two pacemakers sufficient to result in significant movement of
the pacemaker within the chest wall unless a sufficient degree of
fibrotic tissue was present(20),

Thetime-varying magnetic field and radiof requency field can
interfere with the pacemaker circuitry. Most pacemakers employ
protective measures against electro-magnetic interference (eg. a
titanium casing and a low-pass input filter(39). When such inter-
ference occurs the pacemakersrevertsinto asynchronous operation.
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For instance, 20 out of 26 pacemaker modelsinvestigated reversed
to an asynchronous mode or exhibited abnormal pacing in 60 Hz
magnetic fields of 0.1 to 0.4 mT (this corresponds to about 0.04 to
0.15T/s)(39), Furthermore, atime variation of 3 T/s caused unipolar
pacemakers to recognize the induced voltage as a valid cardiac
electrical signal(?9),

Testswere performed on several pacemakers of various types
ina0.15 T MR system with a 6.4 MHz RF field produced by a
transmitter operated at a maximum power of 1 kW with a pulse
period from 130 to 500 ms\12.19), In all pacemakerstested the static
magnetic field caused reed switch closureresulting in asynchronous
pacing at the programmed rate. An exception was a pacemaker
which can be programmed to “magnet off” mode. This pacemaker
continued normal operation in amagnetic field of 0.15 T for thein
vivo tests (the pacemaker implanted in a dog)®). The authors
conclude that conversion to asynchronous pacing is usually not a
problem, but in some patients it may produce an arrhythmia.

Effects of RF pulsed fields varied for different pacemaker
models and types. For some pacemakers the pacemaker rate was
affected by the pulse rate of RF field, causing either a decrease in
the rate(1d or an increase(’®). However, the operation of some
models of pacemakers remained totally unaffected by the RF fields
when tested in vivo(1215), |n all cases the RF field caused artifacts
in the ECG recording. However, these artifacts were found incon-
sequential for the operation of the heart. None of the pacemakers
tested showed any alterations in programmed parameters or in the
ability to be reprogrammed after they were removed from the RF
field(19). The authors recommend that patients with cardiac pace-
makers should have their pacing activity monitored continuously
during testsin a0.15 T MRI device(12),

Metallic implants made of ferromagnetic and even diamag-
netic materials experience force and torque in magnetic fields. All
metallicimplantsare heated by the RF field and to anegligibly small
degree by the time varying magnetic field used in MR systems.
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Twenty-one aneurysm and other hemostatic clips and a variety of
other materialswereinvestigated for forces and torques experienced
in MRI systems operating at 0.147 T and 1.44 T(8), Sixteen clips
were deflected by the fields, and for five aneurysm clips, forces and
torques were considered sufficient to produce risk of hemorrhage
from dislocation of the clip from the vessel or aneurysm, or cerebral
injury by clip displacement. The level of risk depends on the degree
of ferromagnetism and geometry of the clip, the field strength and
gradient, aswell as other factors such asthe clip orientation relative
tothefield, the clip closing force, the condition of the vascular wall,
tissues and structures closeto theclip. Stainless steel alloyscontain-
ing high percentages of nickel (10-20%) do not exhibit significant
ferromagnetic properties. However, some stainless steels used for
aneurysm clips and other clips have considerable ferromag-
netism(18). Clips made of tantalum or titanium are non-ferromag-
netic(39). Inanother study(®), 54 different typesof surgical clipswere
characterizedina0.15 T and 1.5 mT/m field. Nonmagnetic proper-
ties of tantalum and various austenitic stainless steel alloys and
silver aloys were confirmed®. Several other types of aneurysm
clips were examined, and recommendation was made against use of
clipshaving ahigh martensite content(10). Several typesof magneto-
meters and metal detectors were investigated as possible pre-
imaging screening devices(3). Both types of devices are capable
of detecting ferromagnetic clips imbedded in a patient(13),

Heating effects of time-varying magnetic fields and RF fields
were investigated for surgical clips (steel and copper) and hip
prostheses(®). It was concluded that heating of surgical clipsin MR
systems is not significant, but large implanted metallic prostheses
and rods might cause a problem due to heating under some circum-
stances and when very high RF fields are used(®.

A tota of 305 MR examinations were performed in
236 patients with metallic implants(16). Most examinations werein
a 0.3 T system. Patients with cardiac pacemakers, electrical
implants, prosthetic cardiac valves and aneurysm clips were
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excluded fromthestudy. Thestudy wasaimed at eval uation of image
artifacts and possible adverse effects due to the metallic implants.
The types of metallic implants were: surgical clips, central nervous
system (CNS) shunting devices, tantalum mesh, craniotomy,
sternotomy and other wire sutures, skin staples, and orthopedic
devices (hip prostheses, knee prostheses, rods, plates, screws, pins
and wires). Only two patients expressed complaints that could
possibly, but not necessarily, be attributed to MR examination. In
one case, a child with a CNS shunting device complained of pain
behind the ear. In the other case a patient with a hip prosthesis
complained of aburning sensation in the hip, knee and calf(16),

5. GUIDANCE ON EXPOSURES

5.1 Patients

Exposuresin MR systems which do not exceed the following
limits are considered of minimal, if any, health hazard:

(i) the static magnetic field: 2T,
(ii) therate of time change of the magnetic field: 3 T/s(rms),

(iii) RF field which does not cause an increase of body
temperature (core or rectal temperature) of more than
0.5°C, and of any part of the body of more than 1°C.
These limits are expected to be satisfied, if the specific
absorption rates (SARs) do not exceed 1 W/kg as aver-
aged over any 25% of thewhole-body massfor exposures
of durationslonger than 15 min, and 2 W/kg as averaged
over any 25% of the whole-body mass for exposures of
durations of up to 15 min, where for the balance of the
hour the person is not exposed to RF fields produced by
the MR device.

Exposures in MR systems which exceed the limits specified
are not necessarily hazardous, but a careful, individual evaluation
should be done, as the presently available scientific data are not
sufficient for providing general recommendations.
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5.2 Operators

Operators of MR devices should not be continuously exposed
to amagnetic flux density exceeding 0.01 T during theworking day.
Exposures to higher flux densities are permitted for short-time
durations (about 10 minutes per hour); their number and duration
should be minimized.

5.3 Special Considerations

Because of potential health hazards, as outlined in Section 4,
special consideration should be given and precautionary measures
employed when the following categories of patients are examined
in MR systems:

(i) cardiac pacemaker bearers,
(i) persons with metallic clips and other metallic implants,

(iii) pregnant women.

In cases where cardiac pacemaker bearers are examined in
MR devices, continuous medical surveillance and corrective proce-
dures should be available during the examination. However, since
many cardiac resuscitation devices do not operate properly infields
above about 10 mT, they have to be used and the patient transferred
outside the room where the MR device is|ocated.

For persons with metallic clips and other metallic implants,
an individual assessment of suitability for MR examination should
be made: In cases where persons having large metallic implants are
subjected to MR examination, they should be continuously moni-
tored, and when discomfort is experienced around the site of the
implant the exposure should be stopped immediately. Small metallic
implants such as tooth fillings are not a problem in MR exposures.

Thereis no scientific basis to believe than an examination in
aMR device that does not exceed the limits specified in paragraph
5.1 is hazardous to a pregnant woman. However, in view of the
relatively limited experience with this clinical diagnostic modality,
an individual assessment should be made for each pregnant patient.
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