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FOREWORD

This amendment has been prepared by subcommittee 62B: Medical imaging equipment, of
IEC Technical Committee 62: Electrical equipment in medical practice.

The text of this amendment is based on the following documents:

FDIS Report on voting
62B/663/FDIS 62B/675/RVD

publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

This second amendm

diagnostic MR SYSTE T Aherein, related to the safety of PATIENTS

examined with this_sys MR WORKER involved with its operation and the
safety of the M@] X i g development, manufacturing, installation, and
servicing of the S ect introduced in this second amendment addresses
the fact that in som#é S gnetic field (EMF) exposure of workers is or will be

INTRODUC
Replace the second paragraph by the following:

This International Standard addresses technical aspects of the medical diagnostic MR SYSTEM
and the MR EQUIPMENT therein, related to the safety of PATIENTS examined with this system,
the safety of the MR WORKER involved with its operation and the safety of the MR WORKER
involved with the development, manufacturing, installation, and servicing of the MR SYSTEM.
Where limits of electromagnetic fields (EMF) exposure of PATIENTS and MR WORKER are
stated, these limits do not imply that such levels of exposure can be assumed to be
acceptable for workers in other professional settings and for the population at large. The limits
provide a sensible balance between risks for the PATIENTS and MR WORKERS and benefits for
the PATIENTS.
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Add, after the second paragraph, the following new text:

The introduced EMF exposure limits required in this standard for an MR WORKER are equal to
those allowed for PATIENTS. All exposure levels allowed for a PATIENT and for an MR WORKER
protect them against negative instantaneous and long-term health effects.

Subjective short-term physiological and sensory effects are expected for the exposure to
static magnetic fields only, these influence the well being of the MR WORKER marginally and
only during or shortly after exposure.

For the exposure to GRADIENT OUTPUT and RF transmit fields, normally no short-term
physiological and sensory effects are expected for MR WORKERS.

In addition no experimental or theoretical basis for cumulative biologica ects in humans,

resulting from exposure at the allowed levels has been generally accepie

Add, to the list of examples of organisational aspects in the four
new item:

— rules to minimize and to limit the exposure of MR WORKERS.

Page 13

1 Scope and object

1.2 Object
Replace the first paragraph by the followi

NOTE This standard pres
instructed in their duties.

Page 15

2 Terminolq

2.12.107
MR WORKER
person that because of his/her profession has to enter the CONTROLLED ACCESS AREA or
equivalent of the MAGNETIC RESONANCE SYSTEM

NOTE Other persons like MR volunteers and PATIENT carers are not covered by this definition, however
OPERATORS and staff are included in this definition (see rationale)

Page 27

6.8.2 INSTRUCTIONS FOR USE
aa) Pre-screening prior to an MR EXAMINATION

Replace the title of 6.8.2 aa) by:

aa) Pre-screening of the PATIENT and MR WORKER
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Replace the first paragraph of 6.8.2 aa) as follows:

INSTRUCTIONS FOR USE shall provide clear recommendations to the USER regarding pre-
screening of PATIENTS and MR WORKERS. This specifically applies to those PATIENTS and MR
WORKERS who could be placed at risk due to their professional activity, past medical history,
present medical state and/or the physical environment of the MR EQUIPMENT. These
instructions shall indicate the need for a pre-screening program to identify such PATIENTS and
MR WORKERS at risk, and shall provide recommendations to adequately safeguard these
PATIENTS and MR WORKERS from injury. For the MR WORKER especially the risk due to the past
professional activity, which may have caused accidental implantation of ferromagnetic
materials, shall be considered.

dd) Excessive acoustic noise

Replace the title of 6.8.2 dd) by:

dd) Exposure of the PATIENT and MR WORKER to excessive acousticd
Replace the existing last dashed item by the following:

— shall draw attention to the fact that in some countrie
exposure of MR WORKERS to noise.

Add a last dash to 6.8.2 dd):

xist covering the

— shall state that for tasks in th Al KC¢ E@ARE during scanning, the MR
WORKER shall wear adequate kgaring jon to reachycgmpliance with the rules for
protection of workers to noise.

hh) Static magnetic field

Replace the title of item hh,

he' level of NORMAL OPERATION MODE, paying particular
y be experienced if the PATIENT or MR WORKER’S head is

e main static magnetic field is higher than 2 T and not exceeding
SYSTEM is continuously operating in the FIRST LEVEL CONTROLLED
oDE and therefore ensure that MEDICAL SUPERVISION is provided for all

4T, the
OPERATION
PATIENTS

— explain that adequate training shall be given to MR WORKERS to minimise adverse
health effects arising from the high static magnetic field. Explain the health effects
related to the increased static magnetic fields and explain the possible changes in the
MR compatibility of the tools and accessories used by the MR WORKER, as a function of
the value of the static magnetic field.

— explain that when the main static magnetic field is higher than 4 T, the MR system is
continuously operating in the SECOND LEVEL CONTROLLED OPERATION MODE and
therefore ensure that MEDICAL SUPERVISION is provided for all PATIENTS. Explain that in
this situation MR WORKERS shall not be allowed to access the MR EQUIPMENT without
local approval as required.
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ii) Time varying magnetic fields

Replace the title of item ii) by the following:

ii) Exposure of the PATIENT to time varying magnetic fields
Replace the first paragraph by the following:

For MR EQUIPMENT that is capable of operation at levels of GRADIENT OUTPUT above the
NORMAL OPERATING MODE, the INSTRUCTIONS FOR USE shall draw attention to risk factors, which
may increase the potential for peripheral nerve stimulation for the PATIENT and they shall
describe ways for the USER to mitigate these risk factors. The INSTRUCTIONS FOR USE shall:

ji) Radio frequency magnetic fields

Replace title of the item jj) by:

ii) Exposure of the PATIENT to radio frequency magnetic fields
Replace the first paragraph by the following:

; pay increase the
potential for local excessive RF heating of the PATIEN g ribe ways for the

The INSTRUCTIONS FOR USE shall draw act that MR WORKERS can be exposed
to the electromagnetic fields (EMF) em MR EQUIPMENT. They shall provide
sufficient information rel se exposures to enable safe working
procedures for the MR WOR éments of 6.8.2 ii) and jj) for the PATIENT

- specification@ p S he MR WORKER is restricted, if any;
the actual leve i

eld (see 6.8.2 hh) and 51.104), the GRADIENT OUTPUT
RF transmit field (see 6.8.2 jj) and 51.103) generated by

CONTROLLED OPERATION MODE;.

The risk factors associated with the expected exposure levels for the MR WORKER shall be
explained. A description of ways for the MR WORKER to mitigate these risk factors shall be
given.

Known factors to draw attention to are the following:

— The possible physiological effect of exposure to RF radiation is heating. Exposure to RF
radiation can be minimised by keeping sufficient distance away from the transmit RF coil
or by reducing time of exposure during scanning;

— The possible physiological effect of exposure to the GRADIENT OUTPUT is peripheral nerve
stimulation for the person exposed. Exposure to GRADIENT OUTPUT can be minimised by
keeping sufficient distance away from the gradient coils during scanning.

— The possible physiological effects of exposure to the static magnetic field are dizziness,
vertigo, and a metallic taste in the mouth of the person exposed. Exposure to the static
magnetic field can be minimised by staying away from the magnet (not just during
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scanning but all the time) and by avoiding rapid movements of the head while in the static
magnetic field.

The INSTRUCTIONS FOR USE may state that, it is generally accepted that no published evidence
supporting the occurrence of cumulative and/or long-term effects after exposure to EMF
emitted by the MR EQUIPMENT exists.

The INSTRUCTIONS FOR USE shall state that extra precaution is advisable for pregnant MR
WORKERS, although there is no currently available epidemiological evidence for any negative
health effects. Local regulations may apply.

The INSTRUCTIONS FOR USE shall state that the limits for MR WORKERS may not be applicable
when an MR WORKER is pregnant. It may be required in some countries that the ‘member of
the public’ limit be applied to the foetus.

The INSTRUCTIONS FOR USE shall state that in some countries legislafi
occupational limits for exposure to EMF, that are lower than the limi
this standard.

Page 39

6.8.3 Technical description

bb) compatibility technical specification sheet

representing the 0,5 T, A T iso-magnetic contours at positions
accessible to and rel all be included if the static magnetic field

— Gradient sys ¢ se’ time, slew rate, and spatial distribution of the
maximum magnifude ector sum of all three GRADIENT OUTPUTS at the
positions accessip

— RF system it coil, amplifier peak r.m.s. power, applied maximum
transm d ahd bandwidth, spatial distribution of the maximum transmit RF
magne ions accessible to and relevant for the MR WORKER during
scan

Page 51

51.101 Operating modes

51.101.1 All operating modes

Replace item: c) by:

c) The MR EQUIPMENT shall provide information upon request about the relevant SAR and
relevant GRADIENT OUTPUT.

Page 53

51.101.3 FIRST LEVEL CONTROLLED OPERATING MODE
Replace item a) by:

a) Before the start of each scan, an indication of the operating mode defined by the value of
the GRADIENT OUTPUT which will actually be applied during the scan and the value of the
SAR which will actually be applied during the scan, and a prediction of these values (upon
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request) shall be displayed at the CONTROL PANEL. The value for the GRADIENT OUTPUT shall
be expressed as the percentage of the upper level of the FIRST LEVEL CONTROLLED
OPERATION MODE (L12) for the scan applied.

51.101.4 SECOND LEVEL CONTROLLED OPERATING MODE
Replace item b) by:

b) Before the start of each scan, an indication of the operating mode defined by the value of
the GRADIENT OUTPUT which will actually be applied during the scan and the value of the
SAR which will actually be applied during the scan, and a prediction of these values (upon
request) shall be displayed at the CONTROL PANEL. The value for the GRADIENT OUTPUT shall
be expressed as the percentage of the upper level of the FIRST CONTROLLED
OPERATION MODE (L12) for the scan applied.

gradient system.

51.102.1 Objectives for limitation of GRADIENT OUTPUT

e BRADIENT OUTPUT so that the
n the PATIENT and in the MR

In this subclause, limjts\fo > t MR WORKER are expressed either as the
electric field E induced\in the MR WORKER by the changing magnetic field of the
gradients, or by @; i

Add the following

NOTE MR WORKER b its areg the same as for the PATIENTS. Compliance with the GRADIENT
OUTPUT limits f6r Pa enautomatically implies compliance for the MR WORKERS.

Page 61

51.103 Protectio
51.103.1 Limits for temperature

against excessive radio frequency energy

Add to the existing first paragraph the following new text:

Allowed values for the temperature rise of the MR WORKER caused by the MR EQUIPMENT are
equal to the values for the PATIENT as defined in Table 104 for the NORMAL OPERATING MODE
and the FIRST LEVEL CONTROLLED OPERATING MODE.

Add the following note to Table 105:

NOTE MR WORKER exposure limits are the same as for the PATIENTS. Compliance with the SAR limits for
PATIENTS therefore in practice implies compliance for the MR WORKERS.
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Page 67

51.105 Methods to demonstrate compliance with the requirements
51.105.2 Determination of maximum GRADIENT OUTPUT
Add the following new title at the beginning of the existing text:

51.105.2.1 General requirement for the determination of the maximum GRADIENT
OUTPUT

Add the following new title just before the start of the italic text:

51.105.2.2 Determination of the maximum GRADIENT OUTPUT for the PATIENT

Add, on page 73, a new subclause 51.105.2.3 before 51.105.3:

51.105.2.3 Determination of the GRADIENT OUTPUT stray field as
in 6.8.3 bb.

NCE VOLUME,
see Figures 107a and 107b. The specific point pattern_sha eS e st-case locations

NOTE For transverse field magnet types the cylinder axis (i ! is) is perpefidicular to the magnet axis.
The term patient bore is to be replaced by m ;\the term magnet length is to be

- The specific point pattern shall beNoca i inder surrounding the PATIENT

- For each cylinder |a S 6—points shall be equidistantly spaced on the
cylinder surfaee(i. i ! e\poihts shall include those located half way between
the x and y -Q‘ ie. ¢

PNGRADIENT OUTPUT shall be calculated using the law of

Biot-Savart or'meas S oint on the cylinder.

- For each p [ELD vectors shall be summed and then the field magnitude
shall be

- This{ma de values shall be plotted along the cylinder axis position. The
axial posjtio he<PATIENT bore opening shall be marked.

NOTE The patter
illustrates the relative

is alsg considered to be relevant for estimating possible PNS for the MR WORKER and
field/distribution outside the space accessible for the PATIENT.

Report of results:

e distance of points along cylinder axis;
e number of points azimuthally;

e graph of maximum magnitude values along the cylinder axis.
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Add the following Figure 107:

«QUL O T O

IEC 2103/07

Figure 107b — TRANSVERSE FIELD MAGNET

magnet

magnet isocentre

patient axis and axis of a virtual cylinder

diameter of virtual cylinder representing the minimum accessible patient bore;

points on the cylinder surface where the magnitude of all three magnetic field vectors shall
be determined. The maximum magnetic field magnitude found on the cylinder surface at
distance z; from the isocentre in any of the points e, represents the worst case field on the
surface f;.

Figure 107 — Determination of the spatial maximum of the gradient output
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Add, on page 89, new subclause 51.105.3.3:

51.105.3.3 Determination of the B, stray field as required for reporting in 6.8.3 bb)

The maximum RF transmit magnetic field of the RF transmit coil shall be measured or
calculated and reported at the positions accessible to and relevant for the MR WORKER.

The B4(z) field shall be measured or calculated at points along a straight line along the patient
axis beginning at the magnet isocentre.

NOTE For cylindrical magnets the patient axis is equivalent to the magnet axis; for TRANSVERSE FIELD MAGNET
types the cylinder axis (i.e. patient axis) is perpendicular to the magnet axis. It is sufficient to measure / calculate
the B¢ field along the patient axis only because the B¢ field is assumed to be sufficiently homogenous in each
transversal plane of the RF transmit coil.

- The distance between each successive point shall not exceed 0,1 m.
- The magnitude of the B, field shall be measured or calculated for each peiat.

- When measured, the measurement can be performed by using & sW Y p cail and
a network analyzer or by using an RF signal generator and a8 )
magnets with circular polarized RF transmit field it is suffici
component only.

The ratio of B42(z) and B,2(0) shall be calculated for e

Report of results:

- coordinates @
- magnitude of fHe
B4

2°(0) in the i
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