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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-33: Particular requirements for the safety of
magnetic resonance equipment for medical diagnosis

FOREWORD

participate in this preparatory work. International, governmental and no
with the IEC also participate in this preparation. The IEC collabdtates
Organization for Standardization (ISO) in accordance with conditions
two organizations.

The formal decisions or agreements of the IEC on technlc
international consensus of opinion on the relevant subjects
from all interested National Committees.

of standards, technical specifications, teck
Committees in that sense.

In order to promote international unification,
Standards transparently to the maximum ,€x S their national and regional standards. Any
divergence between the |IEC Standard and the { ational or regional standard shall be clearly

Attention is drawn to th ) i elemeénts of this International Standard may be the subject
of patent rights. be heldresponsible for identifying any or all such patent rights.

FDIS Report on voting
62B/462/FDIS 62B/467/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

Annexes AA and BB are for information only.
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In this standard, the following print types are used:

requirements, compliance with which can be tested, and definitions: roman type;
explanations, advice, notes, general statements and exceptions: smaller roman type;
test specifications: italic type;

TERMS DEFINED IN CLAUSE 2 OF THE GENERAL STANDARD, IN THIS STANDARD OR IN IEC 60788: SMALL CAPITALS

The committee has decided that the contents of this publication will remain unchanged
until 2005-06. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

@%
S
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INTRODUCTION

This Particular Standard is written at a moment in which the technical evolution of MAGNETIC
RESONANCE EQUIPMENT is in rapid progress and the scientific foundation of its safe use is still
expanding.

The standard addresses technical aspects of the medical diagnostic MR SYSTEM and the MR
EQUIPMENT therein, related to safety of PATIENTS examined with this system and personnel
involved with its operation. Where limits of exposure of PATIENTS and medical staff are stated,
these limits do not imply that such levels of exposure can be assumed to be acceptable for
the population at large. Rather the implication is that the limits provide for the PATIENT a
sensible balance between risk and benefit and for the medical staff a balanced risk, given
their responsibility for the wellbeing of the PATIENT.

to safety, definition of medical responsibility and specific requi
from that responsibility when the PATIENT is in or near the MR s

Examples of such organisational aspects are:

— operation in first controlled mode;

— rules for ROUTINE MONLTOF

Extensive rationale is
order to provide the U
material that wa d

The relationship of
the Collateral Sta
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-33: Particular requirements for the safety of
magnetic resonance equipment for medical diagnosis

SECTION ONE: GENERAL

The clauses and subclauses of this section of the General Standard apply except as follows:

1 Scope and object

This clause of the General Standard applies except as follows:

1.1 Scope
Addition:

This Particular Standard applies to MAGNETIC RE
MAGNETIC RESONANCE SYSTEMS as defined in 2.;

This Standard does not cover the applica
INTENDED USE.

1.2 Object

Replacement:

This Particular
EQUIPMENT to provide

1.3 Particula

Addition:

This Particular Standard amends and supplements a set of IEC publications, hereinafter
referred to as the "General Standard", consisting of

IEC 60601-1:1988, Medical electrical equipment — Part 1. General requirements for safety,
and its amendments 1 (1991) and 2 (1995),

IEC 60601-1-1:2000, Medical electrical equipment — Part 1-1: General requirements for safety
— Collateral Standard: Safety requirements for medical electrical systems, and

IEC 60601-1-4:1996, Medical electrical equipment — Part 1: General requirement for safety —
4. Collateral Standard: Programmable electronic medical systems.
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For brevity, IEC 60601-1 is referred to in this Particular Standard either as the "General
Standard" or as the "General Requirement(s)", and IEC 60601-1-1 and IEC 60601-1-4 as
"Collateral Standards".

The term "this Standard" covers this Particular Standard, used together with the General
Standard and any Collateral Standards.

The numbering of sections, clauses and subclauses of this Particular Standard corresponds
with that of the General Standard. The changes to the text of the General Standard are
specified by the use of the following words:

"Replacement"” means that the clause or subclause of the General Sta
completely by the text of this Particular Standard.

ndard is replaced

"Addition" means that the text of this Particular Standard is additig nents of
the General Standard.

"Amendment" means that the clause or subclause of the Geng ard is“amended as
indicated by the text of this Particular Standard.

Subclauses or figures which are additional to those andard are numbered
starting from 101, additional annexes are lettered AA, B . dditighal items aa), bb), etc.

rationales can be found in informative annex BB. not form an integral part of this
Particular Standard and only gives additional inforrpation; it can never be the subject of testing.

section, clause or subcla S nd&rd or of a specified Collateral Standard
applies without modificati

Where it is int
although possibly“felé

Particular Standard

General Standard or the Collateral Standard,
pplied, a statement to that effect is given in this

This clause of the General Standard applies except as follows:

Additional definitions:

2.2 Equipment types (classification)

22101

MAGNETIC RESONANCE EQUIPMENT (MR EQUIPMENT)

MEDICAL ELECTRICAL EQUIPMENT which is intended for in-vivo MAGNETIC RESONANCE EXAMINATION
of a PATIENT. The MR EQUIPMENT comprises all parts in hardware and software from the
SUPPLY MAINS to the display monitor. The MR EQUIPMENT is a Programmable Electrical Medical
System (PEMS)
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2.2.102

MAGNETIC RESONANCE SYSTEM (MR SYSTEM)

ensemble of MR EQUIPMENT, ACCESSORIES including means for display, control, energy
supplies, and the CONTROLLED ACCESS AREA, where provided

2.2.103

WHOLE BODY MAGNETIC RESONANCE EQUIPMENT (WHOLE BODY MR EQUIPMENT)

MR EQUIPMENT of sufficient size to allow whole body MR-EXAMINATION and partial body
MR-EXAMINATION of adult PATIENTS. It may be equipped with VOLUME RF TRANSMIT COILS,
LOCAL RF TRANSMIT COILS and with a SPECIAL PURPOSE GRADIENT SYSTEM

2.2.104
WOLE BODY MAGNET
magnet suitable for use in WHOLE BODY MR EQUIPMENT

2.2.105
TRANSVERSE FIELD MAGNET
magnet for which the field is at right angles to the axial direction

2.2.106
WHOLE BODY GRADIENT SYSTEM
a gradient system suitable for use in WHOLE BODY MR

2.2.107
SPECIAL PURPOSE GRADIENT SYSTEM
a gradient system suitable for use in MR E

An example of a SPECIAL PURPOSE
incorporated in MR EQUIPMEN

2.2.108
GRADIENT UNIT

all gradient coil d
the axes of the coording

2.2.109
VOLUME RF TRA

X d¥me,_encgmpassed by the coil. The VOLUME RF TRANSMIT COIL can be a
WHOLE BQpY ¥ \ NSMIT\COIL, a HEAD RF TRANSMIT COIL or a RF transmit coil designed for
e 0f a specific part of the body. A single loop coil enclosing the
body is considered to be a VOLUME RF TRANSMIT COIL (example:
single loop wrist coi

2.2.110
WHOLE BODY RF TRANSMIT COIL
A VOLUME RF TRANSMIT colL of sufficient size for whole body examinations of adult PATIENTS

2.2.111

HEAD RF TRANSMIT COIL

a VOLUME RF TRANSMIT COIL suitable for use in MR EQUIPMENT for a MAGNETIC RESONANCE
EXAMINATION of the head of PATIENTS

2.2.112

LOCAL RF TRANSMIT COIL

an RF transmit coil other than a VOLUME RF TRANSMIT CcOIL. The LOCAL RF TRANSMIT COIL can
be a coil for spectroscopy
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2.10 Operation of equipment

2.10.101

NORMAL OPERATING MODE

mode of operation of the MR EQUIPMENT in which none of the outputs have a value that may
cause physiological stress to PATIENTS

2.10.102

FIRST LEVEL CONTROLLED OPERATING MODE

mode of operation of the MR EQUIPMENT in which one or more outputs reach a value that may
cause physiological stress to PATIENTS which needs to be controlled by MEDICAL SUPERVISION

2.10.103

SECOND LEVEL CONTROLLED OPERATING MODE
mode of operation of the MR EQUIPMENT in which one or more oufg & alue that
may produce significant risk for PATIENTS, for which explicit etk
(i.e. a human studies protocol approved to local requirements

*2.10.104
MAGNETIC RESONANCE EXAMINATION (MR EXAMINATION)
process of acquiring data by MAGNETIC RESONANCE frop

2.11 Mechanical safety

2.11.101
CONTROLLED ACCESS AREA
area to which access is controlled for sz

2.11.102
EMERGENCY FIELD SHUT DOW
device for de-energizing a s ing.or resistive magnet in case of an emergency
situation

2.11.103 3

QUENCH
transition of the
conducting sta
of the magné

y of a coil that is carrying a current from a super-
ity, resulting in rapid boil-off of fluid cryogen and decay

212 Mis

*2.12.101
MAGNETIC RESONANCE
resonant absorption of electromagnetic energy by an ensemble of atomic particles situated in
a magnetic field

2.12.102

ROUTINE MONITORING

routine PATIENT monitoring which is carried out by responsible personal such as the OPERATOR
and staff of the MR EQUIPMENT and consisting of audio and/or visual contact, as appropriate
with the PATIENT during the MR EXAMINATION

*2.12.103

MEDICAL SUPERVISION

adequate medical management of PATIENTS who may be at risk from some parameters of
exposure to the MR EQUIPMENT, either because of the medical condition of the PATIENT, the
levels of exposure or a combination
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212104
COMPLIANCE VOLUME
area of PATIENT accessible space in which compliance of GRADIENT OUTPUT is inspected

In MR EQUIPMENT with a cylindrical WHOLE BODY MAGNET, the COMPLIANCE VOLUME is a cylinder
with its axis coinciding with the magnet axis and with a radius of 0,20 m.

In MR EQUIPMENT with a TRANSVERSE FIELD MAGNET and a WHOLE BODY GRADIENT SYSTEM, the
COMPLIANCE VOLUME is a volume bound by planes parallel to the magnet poles and separated
by a distance that is either the largest dimension of the accessible space between the poles
of the magnet, or 0,40 m, whichever is less.

In all other MR EQUIPMENT the COMPLIANCE VOLUME is the volume where any part of a PATIENT
body can be properly located according to the intended use of the MR EQUIPMENT.

2.12.105

MAXIMUM GRADIENT SLEW RATE

maximum specified gradient strengths G and G
obtainable under normal scan conditions

+max —max

2.12.106
SEARCH COIL
a small diameter coil used in a compliance test to mé¢

2.101 Output

*2.101.1
SPECIFIC ABSORBTION RATE (SAR)
radio frequency power absorbed per u

2.101.2
WHOLE BODY SAR

SAR averaged ovir the
2.101.3

PARTIAL BODY SAR

2.101.4
HEAD SAR
SAR averaged

2.101.5
LOCAL SAR
SAR averaged over any 10 g of tissue of the PATIENT body and over a specified time

2.101.6
TIME RATE OF CHANGE OF THE MAGNETIC FIELD (dB/d¢)
rate of change of the magnetic flux density with time (T/s)

2.101.7

GRADIENT OUTPUT

parameter characterizing the gradient performance such as rate of change of the magnitude
of the magnetic field, or electric field induced by one or more GRADIENT UNITS under specified
conditions and at a specified position
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EFFECTIVE STIMULUS DURATION (7g o¢¢)

duration of any period of the monotonic increasing or decreasing gradient, used to
describe its limits for cardiac or peripheral nerve stimulation. It is defined as the ratio of
the peak-to-peak field variation and the maximum value of the time derivative of the
gradient in that period

A
/ \ Graph a
a
G magnetic field gradient
A dB/dt
o | ] e
(dB/d)max— X \/
Time ————»
Three periods of monotonic change of the gradient\G “a Qwn in gra@a. he corresponding gradient output
dB/dt is shown in graph b and the effective stimulys du s indieated
Figure 101 — Gradient wavef STIVE STIMULUS DURATION
able
N
Symbol si-Init A ~— Definition
B, T /\ S > S}\ti%g}\etic field
B T \\Qgr@ic induction of the radio frequency magnetic field
dB/dt Tls /\ WMATE OF CHANGE OF THE MAGNETIC FIELD (dB/dt)
E V/m \ | Efectric field induced by gradient switching
G Magnetic field gradient

o1/

Ty \
RN

Limit of the GRADIENT OUTPUT for the NORMAL OPERATING MODE

L12 W}N'/s\\/ Limit of the GRADIENT OUTPUT for the FIRST LEVEL CONTROLLED OPERATING MODE
o0 depending or>context GRADIENT OUTPUT

O, depending on context GRADIENT OUTPUT per GRADIENT UNIT

rb V/m or T/s Rheobase

SAR Wikg SPECIFIC ABSORBTION RATE (SAR)

ts.eff ms EFFECTIVE STIMULUS DURATION

tSAR min Averaging time for the determination of SAR

T °C Temperature

w; none Weight factor per GRADIENT UNIT relating the GRADIENT OUTPUT of that unit

to the limit
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