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THE SAFETY OF MAGNETIC RESONANCE IMAGING


1. Introduction 

MRI does not use ionising radiation and as such it is often considered to be a non- invasive technique. This does not necessarily mean that it is unconditionally safe, indeed there are many hazards associated with the large static magnetic fields, the switched magnetic field gradients and the radiofrequency fields used to generate a magnetic resonance image. 

These Guidance Notes will describe some of the safety aspects of MRI and is based upon the following recommendations: 

(a) The MHRA Safety Guidelines for Magnetic Resonance Imaging Equipment in Clinical Use. 

(b) IEC 601-2-33: Medical electrical equipment – Part 2-33: Particular requirements for the basic safety and essential performance of magnetic resonance equipment for medical diagnosis
According to The MHRA Exposed persons can be grouped into three categories:

· Patients for diagnosis, volunteers engaged in clinical trials and carers

· Staff (employed/self-employed workers)

· General public (visitors/educational visitors)

It also recommends using the three-mode approach:

NORMAL: where the risk of an adverse health effect is minimised.

CONTROLLED: where the exposure is higher than the normal mode and although the risks are minimised, some people having scans may experience some effects, such as sensory disturbance or transient discomfort due to peripheral nerve stimulation. Scanning requires patient monitoring.

RESEARCH/EXPERIMENTAL: where exposure is only restricted to prevent harmful effects. Scanning in this mode will require approval of a research ethics committee and patient monitoring.

2. Static Magnetic Fields 

Magnetic field strengths are measured in Tesla (T), where 1 T is approximately equal to 10,000 times the earth's magnetic field (Note: 1 TESLA ~ 10,000 GAUSS). Many MRI systems use magnetic field strengths that typically range from 1.5T up to 3.0T. 

Such large static magnetic fields appear to generate minor biological effects of a transient nature, for example small changes in the ECG. These are non- hazardous for the clinical range of field strength. There is also no conclusive evidence of any adverse genetic effects. Nevertheless, recommended limits on static magnetic field exposure are shown in Table 1
Table 1: Static Field Strength Limits for Patients and Volunteers. 

	
	Normal (Tesla)
	Controlled (Tesla)
	Research (Tesla)

	Whole Body
	< 4
	4 – 8
	> 8


The physical effects of large static magnetic fields are potentially more hazardous, notably ferromagnetic attraction due to stray fields in the immediate area around the scanner. This force of attraction can be so big that ferromagnetic objects (e.g. scissors) may become lethal missiles and must therefore be excluded from the magnet room. By way of an example, consider a ferrous object on the tunnel axis of a 1.5T magnet. At 2 metres from the isocentre (0.1T) the object will experience extreme twisting forces (torques) and will lift its own weight. At 1.5 metres away (0.3T) the attractive force will be 10 times the objects weight and the torque uncontrollable by an average human. 

Note that members the general public should not exceed 400 mT (any part of the body).
Patients (and unauthorised members of staff) must be screened for internal ferromagnetic objects (e.g. shrapnel, surgical implants etc.) prior to entering the magnet room. A surgical clip moved by the magnetic field could produce fatal damage. 

The stray fields that surround a MRI scanner can also interfere with the normal functioning of nearby medical equipment, in particular cardiac pacemakers. Consequently, it is recommended that a Controlled Area is established as an area totally enclosing the 0.5mT field contour, and from which the general public and unauthorised personnel should be excluded. Ideally the Controlled Area is entirely enclosed within the magnet room.
3. Switched Magnetic Field Gradients 

The biological effects of switching magnetic field gradients have a complex dependence upon switching duration, switching frequency, pulse strength, patient medical history etc. The most obvious effect of these time-varying fields is the induction of electrical voltages or currents within conductive tissue. For most clinical MRI equipment the strength of these currents are below the level where biological effects can be expected.

Nevertheless, in extreme cases switching gradients have lead to the stimulation of muscles and nerves, which in turn can lead to effects such as magnetophosphenes - harmless flashes in front of the eyes. There is also no evidence of any genetic consequences of these time-varying fields. Safe limits of switched magnetic field gradients for patient, volunteer and general public can be found in the MHRA guidance. 

As with the static fields, the physical effects of switched gradients are potentially more hazardous than the biological effects. Eddy currents may be induced within electrical leads or metallic implants which may get hot and subsequently burn the patient. 

It should be noted that the practical measurement of these magnetic fields is difficult and requires special equipment that may not be available to many MRI departments. Consequently, a clear statement should be obtained from the manufacturer of the system as to the maximum value of field changes that can occur during normal mode of operation and also during a fault condition. The supplier should guarantee that the equipment will not exceed safety levels unless operator overrides are activated. 

4. Radiofrequency (RF) Fields 

During a MR scan electromagnetic RF energy at megahertz frequencies (microwaves) is transmitted into the patient. This RF excites the protons within the body which subsequently generate the MR signals which form the image. 

The RF may cause the induction of electrical currents in metallic implants and/or electrical leads which can get hot and burn the patient. Another physical effect is the interference with other RF equipment in the vicinity of the scanner and this is one reason why an RF shield is erected around the scanner. 

RF energy at the frequencies used by MRI will also induce electrical currents within conductive human tissue. These currents will lead to tissue heating (analogous to a microwave oven) which, if excessive, can be harmful. The recommended limits for RF exposure are specified in terms of the temperature rise within the body (see Table 2), and also in terms of the Specific Absorption Rate (SAR). SAR is defined as the amount of RF power absorbed by unit mass of tissue, and is measured in Watts per kilogram (W/kg). It has a complex dependence upon tissue type, RF pulse rate and strength, static magnetic field strength etc. but in general SARs will be greater at high field strengths and for pulse sequences with high RF duty cycles e.g. Turbo Spin Echoes. 

Table 2: RF Exposure Limits in Terms of Temperature Rise for Patients and Volunteers
	
	Normal (°C)
	Controlled (°C)
	Research (°C)

	Maximum Whole Body Temperature Rise
	0.5
	1.0
	> 1.0


5. Pregnancy. 

There is no evidence that exposure to any of the magnetic fields associated with MRI have a detrimental effect on the foetus. Nevertheless, MRI is not recommended for patients and volunteers within the first trimester of pregnancy. Currently it is up to individual departments to adopt their own policy with regard to the exposure of pregnant members of staff however a reasonable suggestion is to exclude all pregnant staff from the Inner Controlled Area (3.0mT area) during the first trimester of pregnancy. 

6. Emergencies 

6.1 Superconducting Magnet Quench 

This is the abrupt collapse of the static magnetic field. It would result in a load bang and the explosive boil off of the liquid helium within the magnet. An accidental quench is a rarity, however if one does occur the MRI suite should be evacuated and only returned to after a safety inspection. 

6.2 Cardiac Arrest. 

Under no circumstances should resuscitation equipment be taken into the magnet room if the magnet is energized. In this situation the patient should be removed to a resuscitation area outside the Controlled Area. The only resuscitation that should be performed within the Controlled Area of an energized magnet is mouth-to-mouth and cardiac massage. 

6.3 Fire 

In the event of a fire within the magnet room, no ferromagnetic material (e.g. fireman's hose nozzle) must be taken into the room whilst the magnet is energized. It may be necessary to initiate a deliberate magnet quench, by pressing the red "QUENCH" or “EMERGENCY RAMP DOWN” button in the control room.
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