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Summary

The number of anaesthetists who are involved in magnetic resonance

(MR) units is increasing. Magnetic resonance systems are becoming more

powerful and interventional procedures are now possible. This paper

updates information relating to safety terminology, occupational exposure,

reactions to gadolinium-based contrast agents and the risk of nephrogenic

systemic fibrosis. Magnetic resonance examinations of patients with

pacemakers are still generally contra-indicated but have been carried out

in specialist centres under strictly controlled conditions. As availability of

MR increases, so the education of anaesthetists, who are occasionally

required to provide a service, must be considered.

Anaesthesia in MR units was first described in the 1980s. Guidelines on

the provision of anaesthetic services in MR units were published by the

Association of Anaesthetists of Great Britain and Ireland (AAGBI) in 2002
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[1]. Since then, the number of hospitals with MR units, and hence the

number of patients requiring anaesthesia for MR, has increased. While the

issues relating to setting up anaesthetic services in MR have not changed,

there have been a number of developments that warrant this update:

1 Safety terminology and guidelines have changed.

2 MR systems utilise higher magnetic-field strengths and more open

designs are available.

3 Interventional and intra-operative MR are now routine in some

centres.

4 Mobile MR scanners are increasingly used to reduce waiting lists.

5 Although still generally contra-indicated, some patients with pacemak-

ers have been scanned under strictly controlled conditions in specialist

centres.

6 ‘MR safe’ medical implants are now being produced.

7 New equipment is now available for use in MR.

8 Out-of-hours availability of MR investigations has increased.

9 Reports of allergic reactions to MR contrast media have increased.

10 Gadolinium based contrast agents (Gd-CAs) are associated with a

varying degree of risk of nephrogenic systemic fibrosis in patients with

impaired renal function.

Safety guidelines and legislation

In 2007 the Medicines and Healthcare products Regulatory Agency

(MHRA) updated safety guidance as a Device Bulletin [2]. Three terms are

now to be used as standard in an attempt to remove any ambiguity caused by

the old MR compatible system. These terms are MR conditional, MR safe and

MR unsafe. MR conditional refers to an item that has been demonstrated to

pose no known hazards in a specified MR environment with specified

conditions of use. Many items in the MR environment will now be marked

as MR conditional, and the conditions under which they can be safely used

must accompany the device. This change of terminology has come about

because of reports of injuries and problems with MR compatible equipment

[3]. Conditions that define the specified MR environment include main

magnetic field strength, spatial magnetic field gradient, dB ⁄ dt (time rate of

change of the magnetic field), radio frequency (RF) field strength, and

specific absorption rate. Additional conditions, including specific configu-

rations of the item of equipment, may be required.
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Equipment is designated as MR safe if it presents no safety hazard to

patients or personnel when it is taken into the MR examination room,

provided that instructions concerning its use are correctly followed. This

does not, however, guarantee that it will function normally and not

interfere with the correct operation of the MR imaging equipment, with

degradation of image quality.

New equipment, such as infusion pumps [4], warming mattresses and

temperature probes are now available. It is important to understand the

manufacturers’ instructions of all equipment that is brought into the vicinity

of the MR scanner.

It should be recognised that the supervising MR radiographer is

responsible operationally for MR safety within the controlled area and

that anaesthetic staff should defer to him/her in relation to MR safety

matters, in particular control of access of staff and equipment into the

controlled area. Where staff are given access codes or swipe-card access

to the controlled area, they should not be shared with others, nor

should they provide access to others unless specifically authorised to

do so.

Inspired oxygen concentration

The use of 100% O2 during anaesthesia should be reported to the reporting

radiologist as this can produce an artefact in the form of an abnormally high

signal in cerebrospinal fluid (CSF) spaces in the T2 weighted fluid

attenuated inversion recovery (FLAIR) sequence.

Acoustic noise

The time-varying magnetic field gradients produce audible noise within the

magnet interior. Since the guidelines were published by the AAGBI, the

Control of Noise at Work Regulations have been updated [5]. This

document introduced lower exposure limit values and action values in the

working environment. When the noise level exceeds 80 dB (A), it is

recommended that staff and others remaining in the scanning room should

wear ear protection.

Other documents have been published by the Health Protection Agency

relating to patient exposure guidance [6] and static field guidance [7]. The

website of the British Association of MR Radiographers (BAMRR)

remains an excellent resource for safety issues and provides links to many

useful safety sites [8].
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New MR systems

At the end of 2006, it was estimated that there were approximately 500

fixed MR scanners involved in human imaging, installed at some 350 sites

across the UK [6]. The SI unit of magnetic field strength or magnetic flux

density is the Tesla (T) and initially, most clinical MR systems were 0.5, 1.0

or 1.5 T. In 1992 there were two MR units in Northern Ireland. Today

there are 16, of which, one is a 3-T system. Other regions will have

experienced a similar expansion but, since the withdrawal of funding from

MagNET, up-to-date information for the UK is difficult to obtain.

Magnets operating at 3 T appeared in the early 1990s and by 2007 it was

estimated that 35 units had installed 3-T systems [5]. The benefits of the

higher field strength systems include improved image quality and higher

spatial resolution. While it is claimed that 3-T scans are quicker, more

efficient and require less Gd-CAs, practically these statements are

debatable. It is the responsibility of the equipment manufacturers to

indicate the field strength at which their equipment is MR safe or MR

conditional. It should not be automatically assumed that equipment that is

MR conditional at 1.5 T remains MR conditional at 3 T. A smaller

number of ultra-high field MR systems are in use in research institutions

world wide and these produce static fields in the range 4.7–9.4 T [6].

Anaesthetists may wish to be aware of the potential implications of

replacing a 1.5-T system by a 3-T system. In a magnetic field strength

survey of a 1.5-T system all spot measurements taken at 1 m above the

floor level were found to be below the 0.5-mT safety limit. A similar

survey for a 3-T system indicated that there were areas outside the magnet

room where levels exceeded the safety limit. Barriers and warning notices,

which indicate the risk of pacemaker malfunction, should be in place to

prevent inadvertent public access.

Open systems

The horizontal-bore cylindrical type of scanner is still the commonest, but

technology constantly changes and magnets are available with wider bores,

which are less claustrophobic. More open scanners have been developed

and units now exist that allow the patient to stand upright thus reducing the

feeling of claustrophobia. In a conventional MR system operating at 1.5 T,

because of its more closed design, it is less likely that radiological and

anaesthetic staff would be exposed to significant static and time varying

fields.
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Interventional procedures and intra-operative MR

Advances in technology mean MR image-guided surgery is now possible,

providing the surgeon with dynamic high-resolution images during

intricate stereotactic neurosurgery. Various MR systems have been

configured for this application, including ‘doughnut’ shaped magnets

permitting surgery with real-time concurrent imaging, and portable systems

set up to allow easy and rapid interchange between scanning and surgery.

All the hazards associated with diagnostic MR also apply to interventional

procedures. There are additional risks from patient repositioning, contam-

ination of the sterile field, and the proximity of ferromagnetic surgical

instruments, including scalpels, to the magnetic field. Incorporating MR

technology into the operating room provides new challenges [9].

Occupational exposure

It is difficult to measure occupational exposure to the various electro

magnetic fields in MR units routinely. Personal dosimeters have been

developed but are not, as yet, widely available. Some studies have suggested

that staff members can be exposed to higher than recommended levels of

time-varying gradient fields [10, 11]. In 2004, the European Union adopted

a directive restricting occupational exposure to electromagnetic fields,

including those used in MR. Some of the exposure limits threatened to

impact on the current use and future development of MR technology.

Known adverse effects are adequately addressed in the international standard

governing the manufacture of MR systems. Initially, unable to influence the

regulatory agencies, the MR community began to lobby both the UK and

European Parliaments. Implementation of the directive has been delayed

until 30 April 2012 to allow a permanent solution to be found. However,

the timescale is short given the political and scientific complexities of the

issue. A range of possible outcomes is explored in a report for the Institute of

Physics [12]. Each option has advantages and disadvantages, and a great deal

of detailed discussion and negotiation will be needed over the next 2 years to

ensure satisfactory resolution of the problem.

Pacemakers and medical implants

The MHRA safety guidance [2] still specifies that pacemakers are an

absolute contraindication to MR and it therefore remains the mantra of
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