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Summary: The elevated internal and external static magnetic fields and higher radio
frequency of MR scanners operating at high magnetic field raise some special safety risks,
which should be considered when operating and installing high field scanners. The side
effects of high magnetic fields, particularly magnetic field induced vertigo also need to be
taken into account.

Introduction: High field MRI (> 3 T) offers many opportunities in clinical practice and
biomedical research. However it also poses some definite risks to patients or volunteers and
to staff, including unwanted side effects, which can be minimized by careful management.
High field MRI can involve exposing staff and volunteers to static fields greater than the
exposure limits that have been recommended by international bodies in order to avoid
potential, currently ill-defined hazards to health. The issues requiring special consideration at
high field mainly relate to the static magnetic field, although RF heating also becomes a
more serious issue.

Static Magnetic Fields: There are a variety of potential mechanisms for interaction between
the human body and strong, static or slowly-varying magnetic fields, including those based
upon electromagnetic induction, magneto-mechanical effects and electron spin interactions
(1-3). However, to date none of these have been shown to have clinically significant, long-
term or short-term, deleterious effects at currently accessible field strengths. The
International Commission for Non-Ionizing Radiation Protection (ICNIRP) currently suggest a
limit of 2 T for occupational exposure to static magnetic fields in general workplaces,
although for specific work applications, when the environment is controlled and appropriate
work practices are implemented, exposure up to 8 T is acceptable (2). 8 T is also the upper
limit suggested by ICNIRP for patient imaging in controlled operating mode, though higher
field studies in experimental mode may be carried out under IRB approval with appropriate
clinical monitoring (4).

The most significant effect of exposure to high magnetic field is dizziness. This magnetic
field induced vertigo (MFIV) (5), results from interaction between the magnetic field, and the
vestibular system of the inner ear that is responsible for balance. Suggested causes of this
effect (1, 5) include: currents induced in the vestibular system due to movements that
change the flux linked by the head (e.g. translation through the region of large field gradient
at the end of the magnet or head rotation in the uniform field at the centre of the magnet);
forces on structures in the inner ear due to exposure of the heterogeneous distribution of
magnetic susceptibility to large gradients in the field magnitude; and magneto-hydrodynamic
forces on fluid moving in the inner ear. However it has recently been shown that the most
probable cause of MFIV is the Lorentz force on the ionic currents that flow continuously in
the endolymph fluid within the semi-circular canals (6). In the presence of a strong field this
force produces small deflections of the cupulae, which mimic the effect of natural movement
or changes in head pose, thus leading to feelings of vertigo. A signature of MFIV is a pattern
of involuntary eye movements (known as nystagmus) which can be detected during
exposure to strong magnetic fields. Evidence for the Lorentz force on ionic flow being the
cause of MFIV, comes from modelling (7), along with experimental findings, such as the
persistence of nystagmus during prolonged exposure to a strong field and changes in the
perceived motion and nystagmus with head orientation with respect to the magnetic field (6,
8). Slow adaptation of the vestibular system to continuous input also affects the time-course
of MFIV during field exposure (8, 9), potentially explaining why sensations are generally
strongest during and immediately after movement into a region of strong field and also can
persist after removal of the field following a prolonged exposure (10, 11).
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Other, noticeable side effects of movement in high magnetic fields can include the induction
of a metallic taste in the mouth and the generation of magnetophosphenes (1). The metallic
taste most likely results from ions produced by the voltages induced in the mouth as a result
motion-related changes in magnetic flux. In an experimental study, Cavin et al (12) showed
that around half of the subjects from a group of 15 perceived a metallic taste when head-
shaking at 80 beats per minute within the stray field at the end of a 7T magnet (directed in
the anterior/posterior direction) corresponding to a peak rate of change of field of around 2
T/s at the skull surface. Magnetophosphenes result from induced currents at the retinal
surface: using a driven head-sized, solenoidal coil, Glover et al. (12) found that
magnetophosphenes could be readily generated using a uniform magnetic field varying at
1.5 T/s over a 50 ms period. Such rates of change of field can be produced by rapid head
movements inside and close to a 7 T magnet, but subjective perception of
magnetophosphenes is strongly affected by the ambient light conditions.

Flow of electrically conducting fluids in a magnetic field generates Hall voltages which are
largest when the flow is perpendicular to applied field. In the case of pulsatile blood flow in
the cardio-vascular system, it is the resulting flow-induced voltages which contaminate
electro-cardiogaphic measurements made inside an MR scanner (13). These voltages scale
with the applied field (14) and at field strengths of more than 40 T might exceed thresholds
for electrical stimulation of the heart. It has been suggested that the Lorentz force on the
currents flowing through large arteries as a result of the flow-induced potentials might induce
measureable effects on blood flow and pressure at fields of order 10 T (15). However
Atkinson et al. (16) found no statistically significant changes in vital signs, including systolic
and diastolic blood pressure, in a study of 25 human volunteers who were exposed to a 9.4
T static magnetic field.

Cognitive effects of exposure to high field have also been reported in some studies, but the
literature in this area is currently contradictory (16-19).

Gradient and RF Fields: The forces experienced by gradient coil windings during MR
scanning increase with increasing operating field, potentially leading to the generation of
louder acoustic noise in and around high field scanners. Greater attention therefore needs to
be paid to acoustic damping and gradient coil mounting in high field scanners in order to
avoid side effects of excessive acoustic noise. RF power deposition increases with field
strength and at high field the RF power deposition becomes less uniform, leading to local
SAR hotspots (20). The reduction of the wavelength of the RF used in high field MRI means
that RF interactions with implants and devices must be specifically analysed before they are
used in high field scanners. Only a relatively small number of devices have so far been fully
tested for use at 7 T (21-23).

Subject Perception The above discussions are supported by recent surveys of subject
tolerance of 7T scanning procedures, which generally show that 7 T scanning is well
tolerated with dizziness being the most commonly recorded side effect (24-28).
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