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ii

PREFACE 

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee 

HE-008, Diagnostic Ionizing Imaging Equipment, to supersede AS/NZS 3200.2.33:1996, Approval 

and test specification—Medical electrical equipment, Part 2.33: Particular requirements for safety—

Magnetic resonance equipment for medical diagnosis. 

The objective of this revision is to adopt the 2002 edition of IEC 60601-2-33 which takes account of 

the rapid progress of magnetic resonance equipment. 

This Particular Standard has been reproduced from, and is identical to, IEC 60601-2-33:2002, Medical 

electrical equipment, Part 2-33: Particular requirements for the safety of magnetic resonance 

equipment for medical diagnosis, which modifies and supplements the corresponding Clauses of 

IEC 60601-1:1988, Medical electrical equipment, Part 1: General requirements for safety, which has 

been adopted as AS 3200.1.0:1998, Medical electrical equipment, Part 1.0:  General requirements for 

safety—Parent Standard, and is hereinafter referred to as the General Standard. The requirements of a 

Particular Standard take priority, where appropriate, over those of the General Standard. 

The General Standard details electrical safety requirements for the design and manufacture of medical 

electrical equipment, which makes physical or electrical contact with the patient. A Particular 

Standard details additional safety requirements for a medical device, or related group of medical 

devices. A Collateral Standard details additional safety requirements for a range of devices within the 

scope of the General Standard which may not be related but share common problems. 

It is recommended that, to interpret a Particular Standard or a Collateral Standard, a copy of the 

General Standard should be readily available. 

In the text of this Standard, the following print types are used: 

(a) Requirements, compliance with which can be tested, and definitions ............ in large roman type 

(b) Explanations, advice, notes, general statements and exceptions 

.................................................................................................................. in smaller roman type 

(c) Test specifications..................................................................................................in italic type 

(d) Terms defined in Clause 2 of the General Standard or this Particular Standard  

................................................................................................................... IN SMALL CAPITALS 

As this publication has been reproduced from an International Standard, the following modifications 

apply. 

(i) Its number does not appear on each page and its identity is shown on the cover and title page.  

(ii) The words ‘this Australian/New Zealand Standard’ should replace the words ‘this International 

Standard’ wherever they appear. 

(iii) The substitution of a full point (.) for a comma (,) when it appears as a decimal marker. 

The term ‘informative’ has been used in this Standard to define the application of the annex or 

appendix to which it applies. An ‘informative annex or appendix is for information and guidance only. 

Some pages of the original, which relate to IEC administrative matters, do not appear in this version. 
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iii

References to international Standards should be replaced by reference to the following Australian or 

Joint Australian/New Zealand Standards: 

Reference to International Standard or  

other publication 

 Australian/New Zealand Standard 

IEC   AS/NZS  

60601 Medical electrical equipment  3200 

60601-1 Part 1:  General requirements for 

safety 

 3200.1.0 

60601-1-1 Part 1-1:  Collateral Standard: 

Safety requirements for medical 

electrical systems 

 3200.1.1 

Medical electrical equipment 

Part 1.0:  General requirements for 

safety—Parent Standard 

Part 1.1:  Collateral Standard: Safety 

requirements for medical electrical 

systems 

60601-1-4 Part 1-4:  Collateral Standard: 

Programmable electrical medical 

systems 

 
3200.1.4 Part 1.4:  Collateral Standard: 

Programmable electrical medical 

systems 
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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.

Organisational aspects of safety are the task of the USER. This task includes adequate training
of staff, rules of access to the MR SYSTEM, qualification of staff for decisions that are related
to safety, definition of medical responsibility and specific requirements for personnel following
from that responsibility when the PATIENT is in or near the MR SYSTEM.

Examples of such organisational aspects are:

− operation in first controlled mode;

− emergency procedures for resuscitation of the PATIENT who is in the MR SYSTEM,

− emergency procedures after a QUENCH of the superconductive magnet when present;

− set-up and maintenance of a protocol for screening the PATIENT for contraindications or for
conditions that may affect acceptable exposure;

− rules for ROUTINE MONITORING and for MEDICAL SUPERVISION of the PATIENT during the exam.

Extensive rationale is provided in Annex BB for some of the definitions and requirements in
order to provide the USER of this standard with a reasonably complete access to the source
material that was used in support of the considerations during drafting.

The relationship of this Particular Standard with IEC 60601-1 (including its amendments) and
the Collateral Standards is explained in 1.3.
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Particular requirements for safety—Magnetic resonance equipment for 
medical diagnosis 
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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 RESONANCE EQUIPMENT as defined in 2.2.101 and
MAGNETIC RESONANCE SYSTEMS as defined in 2.2.102.

This Standard does not cover the application of MAGNETIC RESONANCE EQUIPMENT beyond the
INTENDED USE.

1.2 Object

Replacement:

This Particular Standard establishes requirements for the safety of MAGNETIC RESONANCE
EQUIPMENT to provide protection for the PATIENT.

It establishes requirements to provide information to the OPERATOR, staff associated with
MAGNETIC RESONANCE EQUIPMENT and the general public.

It also provides methods for demonstrating compliance with those requirements.

1.3 Particular Standards

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.A
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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 Standard is replaced
completely by the text of this Particular Standard.

"Addition" means that the text of this Particular Standard is additional to the requirements of
the General Standard.

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

Subclauses or figures which are additional to those of the General Standard are numbered
starting from 101, additional annexes are lettered AA, BB, etc., and additional items aa), bb), etc.

Clauses and subclauses for which there is a rationale are marked with an asterisk *. These
rationales can be found in informative annex BB. Annex BB does not form an integral part of this
Particular Standard and only gives additional information; it can never be the subject of testing.

Where there is no corresponding section, clause or subclause in this Particular Standard, the
section, clause or subclause of the General Standard or of a specified Collateral Standard
applies without modification.

Where it is intended that any part of the General Standard or the Collateral Standard,
although possibly relevant, is not to be applied, a statement to that effect is given in this
Particular Standard.

A requirement of this Particular Standard replacing or modifying requirements of the General
Standard or a specified Collateral Standard takes precedence over the corresponding General
Requirement(s).

2 Terminology and definitions

This clause of the General Standard applies except as follows:

Additional definitions:

2.2  Equipment types (classification)

2.2.101
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)

2
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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 of the PATIENT

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

2.2.107
SPECIAL PURPOSE GRADIENT SYSTEM
a gradient system suitable for use in MR EQUIPMENT for a special purpose.
An example of a SPECIAL PURPOSE GRADIENT SYSTEM is a gradient system that can be
incorporated in MR EQUIPMENT to allow special examination of the head of the PATIENT

2.2.108
GRADIENT UNIT
all gradient coils and amplifiers that together generate a magnetic field gradient along one of
the axes of the coordinate system of the MR EQUIPMENT

2.2.109
VOLUME RF TRANSMIT COIL
an RF transmit coil suitable for use in MR EQUIPMENT that produces a homogeneous RF field
over an extended volume encompassed by the coil. The VOLUME RF TRANSMIT COIL can be a
WHOLE BODY RF TRANSMIT COIL, a HEAD RF TRANSMIT COIL or a RF transmit coil designed for
homogeneous exposure of a specific part of the body. A single loop coil enclosing the
body or a part of the body is considered to be a VOLUME RF TRANSMIT COIL (example:
single loop wrist coil)

2.2.110
WHOLE BODY RF TRANSMIT COIL
A VOLUME RF TRANSMIT COIL 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 COIL. The LOCAL RF TRANSMIT COIL can
be a coil for spectroscopy

3
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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 outputs reach a value that
may produce significant risk for PATIENTS, for which explicit ethical approval is required
(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 from a PATIENT

2.11  Mechanical safety

2.11.101
CONTROLLED ACCESS AREA
area to which access is controlled for safety reasons

2.11.102
EMERGENCY FIELD SHUT DOWN UNIT
device for de-energizing a superconducting or resistive magnet in case of an emergency
situation

2.11.103
QUENCH
transition of the electrical conductivity of a coil that is carrying a current from a super-
conducting state to normal conductivity, resulting in rapid boil-off of fluid cryogen and decay
of the magnetic field

2.12  Miscellaneous

* 2.12.101
MAGNETIC RESONANCE (MR)
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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2.12.104
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
the rate of change of the gradient obtained by switching the GRADIENT UNIT between its
maximum specified gradient strengths G+max and G−max in the shortest possible ramp time
obtainable under normal scan conditions

2.12.106
SEARCH COIL
a small diameter coil used in a compliance test to measure GRADIENT OUTPUT

2.101  Output

* 2.101.1
SPECIFIC ABSORBTION RATE (SAR)
radio frequency power absorbed per unit of mass of an object (W/kg)

2.101.2
WHOLE BODY SAR
SAR averaged over the total mass of the PATIENTS body and over a specified time

2.101.3
PARTIAL BODY SAR
SAR averaged over the mass of the PATIENTS body that is exposed by the VOLUME RF
TRANSMIT COIL and over a specified time

2.101.4
HEAD SAR
SAR averaged over the mass of the PATIENTS head and over a specified time

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/dt)
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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2.101.8
EFFECTIVE STIMULUS DURATION (ts,eff)
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

b ts,eff

Gmax

Time

G

dB/dt

(dB/dt)max

ts,eff

IEC   1129/02

Three periods of monotonic change of the gradient G are shown in graph a. The corresponding gradient output
dB/dt is shown in graph b and the effective stimulus duration ts,eff is indicated.

Figure 101 � Gradient waveform and EFFECTIVE STIMULUS DURATION

Table 101 � List of symbols

Symbol SI-Unit Definition

B0 T Static magnetic field

B1 T Magnetic induction of the radio frequency magnetic field

dB/dt T/s TIME RATE OF CHANGE OF THE MAGNETIC FIELD (dB/dt)

E V/m Electric field induced by gradient switching

G T/m Magnetic field gradient

L01 V/m or T/s Limit of the GRADIENT OUTPUT for the NORMAL OPERATING MODE

L12 V/m or T/s Limit of the GRADIENT OUTPUT for the FIRST LEVEL CONTROLLED OPERATING MODE

O depending on context GRADIENT OUTPUT

Oi depending on context GRADIENT OUTPUT per GRADIENT UNIT

rb V/m or T/s Rheobase

SAR W/kg SPECIFIC ABSORBTION RATE (SAR)

ts,eff ms EFFECTIVE STIMULUS DURATION

tSAR min Averaging time for the determination of SAR

T oC Temperature

wi none Weight factor per GRADIENT UNIT relating the GRADIENT OUTPUT of that unit
to the limit

Graph a

G magnetic field gradient

Gmax maximum of gradient

Graph b
dB/dt time rate of change of magnetic

field

(dB/dt)max  maximum of  time rate of change
of magnetic field

ts,eff effective stimulus duration
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3 General requirements

This clause of the General Standard applies except as follows:

3.1  Addition:

The MR EQUIPMENT shall not cause an unacceptable SAFETY HAZARD to the PATIENT, the
OPERATOR, staff and the general public.

Compliance is considered to be fulfilled, when the MR EQUIPMENT meets the relevant
requirements of this Standard.

General safety aspects of MEDICAL ELECTRICAL SYSTEMS are covered by IEC 60601-1-1.

Compliance to IEC 60601-1-4 requires identification of hazards, assessment of their risks,
and appropriate verification and validation of risk controls. Demonstration of compliance to
the requirements of this standard shall be included as part of these processes and retained by
the MANUFACTURER as a permanent record. All tests shall include, in sufficient detail for the
test to be exactly repeatable, a test protocol, all input data and the expected result.

6  Identification, marking and documents

This clause of the General Standard applies except as follows:

* 6.8  ACCOMPANYING DOCUMENTS

6.8.1  General

Addition:

The ACCOMPANYING DOCUMENTS should provide sufficient information to the USER to enable him
to comply with the local regulations and requirements for exposure limits appropriate to the
OPERATOR, staff associated with the facility, and the general public.

* 6.8.2  INSTRUCTIONS FOR USE

Addition:

* aa)  Pre-screening prior to an MR EXAMINATION

INSTRUCTIONS FOR USE shall provide clear recommendations to the USER regarding pre-
screening of PATIENTS. This specifically applies to those PATIENTS 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 programme to identify such PATIENTS at risk, and shall provide
recommendations to adequately safeguard these PATIENTS from injury.
The following specific classes of PATIENTS shall be mentioned:
� classes of PATIENTS for whom MR EXAMINATIONS are considered to be contraindicated;
� classes of PATIENTS having higher than normal likelihood of needing emergency

medical treatment, independent of the physical environment of the MR EQUIPMENT;
� classes of PATIENTS having a higher than normal likelihood of needing emergency

medical treatment due to the elevated values of the applied fields, when the MR
EQUIPMENT is capable of operating within the FIRST LEVEL CONTROLLED OPERATING MODE
as described in clause 51.
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* bb)  MEDICAL SUPERVISION of PATIENTS

INSTRUCTIONS FOR USE shall provide clear recommendations to the USER to establish a
programme for the supervision appropriate to the classes of PATIENTS described in
6.8.2 aa) and to the controlled modes of operation of the MR EQUIPMENT as defined in 2.10
(see also rationale to 2.12.103).
INSTRUCTIONS FOR USE shall:
� include the recommendation that all PATIENTS should receive at least ROUTINE

MONITORING;
� if the MR EQUIPMENT is capable of operating within the FIRST LEVEL CONTROLLED

OPERATING MODE: give recommendation that procedures should be established to
ensure that MEDICAL SUPERVISION is provided when entering the FIRST LEVEL
CONTROLLED OPERATING MODE;

� if the MR EQUIPMENT is provided with a SECOND LEVEL CONTROLLED OPERATING MODE:
include notification that operation in the SECOND LEVEL CONTROLLED OPERATING MODE
requires approval of investigational human studies protocol according to local
requirements (e.g. ethics committee, investigational review board, etc.).

In addition it shall be stated that the local approval should specifically state limits for
gradient output, SAR and static field strength.

* cc)  Emergency medical procedures
INSTRUCTIONS FOR USE shall give clear recommendation to the USER to define and
implement specific emergency medical procedures that apply to the PATIENT and that take
into account the existence of the magnetic field, so that if during MR EXAMINATION the
PATIENT feels ill or is injured by external causes, medical treatment can be given as soon
as possible.
These instructions shall include recommendations to establish a procedure for removing
PATIENTS rapidly from the magnet's influence (if necessary by using the EMERGENCY FIELD
SHUT DOWN UNIT.

* dd)  Excessive acoustic noise
For MR EQUIPMENT that are capable of producing more than an A-weighted r.m.s.
sound pressure level (LAeq, 1 h) of 99 dB(A), the INSTRUCTIONS FOR USE:
� shall state that the A-weighted r.m.s. sound pressure level is measured according to

26 e) and 26 g);
� shall state that hearing protection shall be used for the safety of the PATIENT and that

this hearing protection shall be sufficient to reduce the A-weighted r.m.s. sound
pressure level below 99 dB(A);

� shall state that special attention and special training for the OPERATOR is required for
proper positioning of the hearing protection, especially when the standard ear cuffs
cannot be applied, or no protection at all can be applied, as for neonates and
premature infants;

� shall draw attention to a warning that due to increased anxiety, accepted sound
pressure levels may still be of concern to pregnant women and the foetus, to new-
borns, infants and young children and to the elderly;

� shall state clearly the sound level at the CONTROL PANEL for the safety of the OPERATOR
and staff;

� shall draw attention to the possibility that anaesthetised PATIENTS can have less than
normal protection against high sound pressure, so that ear protection for these
PATIENTS should not be omitted even at moderate sound levels;

� shall draw attention to the fact that in some countries legislation may exist covering the
exposure of employed persons to noise.
NOTE  A suitable warning sign is specified in ISO 7731.
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* ee)  CONTROLLED ACCESS AREA

When the installation of a CONTROLLED ACCESS AREA is required for the MR EQUIPMENT (see
6.8.3.aa) and 36.101), the INSTRUCTIONS FOR USE

� shall state clearly, that it is the responsibility of the USER to follow local statutory
requirements with respect to access to the CONTROLLED ACCESS AREA;

� shall specify, preferably accompanied by a sketch, the size and shape of the
CONTROLLED ACCESS AREA;

� shall indicate the need to establish adequate rules for controlling access to the
CONTROLLED ACCESS AREA in terms of the potential risk to PATIENTS and staff within
the CONTROLLED ACCESS AREA from the attraction of objects containing iron or other
magnetically active materials or from torque on such metallic materials and the
potential risk to persons inadvertently entering the area who may be affected by the
possible dysfunction of their medical implants such as pacemakers;
NOTE  For magnetic field strengths less than 0,5 mT no administrative controls are required.

� shall list EQUIPMENT and tools specified or recommended by the MANUFACTURER for use
in the CONTROLLED ACCESS AREA. For all EQUIPMENT, ACCESSORIES or tools listed, a
description should be given of special measures that are needed, if any, for their
installation as well as special precautions, if any, for their use;

� shall state clearly that peripheral equipment, including PATIENT monitoring, life
supporting devices and emergency care equipment, which is not specified or
recommended for use in the CONTROLLED ACCESS AREA, may be disturbed by the radio
frequency field or the magnetic fringe field of the MR EQUIPMENT and that this
peripheral equipment may also disturb the proper functioning of the MR EQUIPMENT.

* ff)  Liquid and gaseous cryogens
For MR EQUIPMENT equipped with superconducting magnets, INSTRUCTIONS FOR USE shall,
in order to prevent accidents and QUENCH:
� require adequate provisions for supply of liquid cryogen;
� recommend that cryogen refilling be performed by trained and experienced personnel

only;
� provide information on maintenance and inspection of the magnet including the liquid

cryogen level(s);
� provide information on the minimum cryogen level(s) required for normal operation;
� require that frequent checks of cryogen level(s) be carried out by the USER;
� give clear information on potential hazards of the use of liquid cryogen as well as

information on proper handling of these liquids. This shall include information
concerning:
•  the wearing of protective clothing to prevent frostbite;
•  procedures to be performed after gas release;
•  precautions against lack of oxygen;
•  the use of non-magnetic containers for the cryogen that are being supplied;
•  procedures to be followed if flammable materials are found near the cryogen

container.
NOTE  Liquid oxygen may accumulate, or the gaseous oxygen concentration may become high in the
vicinity of the cryogen.
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* gg)  Operating modes
INSTRUCTIONS FOR USE shall provide information concerning the meaning and background
of each mode of operation: NORMAL OPERATING MODE, FIRST LEVEL CONTROLLED OPERATING
MODE, and SECOND LEVEL CONTROLLED OPERATING MODE, as they are defined in 51.101. The
INSTRUCTIONS FOR USE shall also give the explanation that GRADIENT OUTPUT and SAR
levels for PATIENTS are based on current scientific literature related to safety, and that the
level of exposure , the decision of leaving the NORMAL OPERATING MODE and the possible
need for physiological monitoring of the PATIENTS shall be a medical judgement as to the
PATIENTS� potential risk versus benefit.
INSTRUCTIONS FOR USE shall clearly explain the requirements of each operating mode:
� For MR EQUIPMENT operating within the NORMAL OPERATING MODE, no specific indication

or measure is required to be displayed and only ROUTINE MONITORING is recommended.
� For MR EQUIPMENT capable of operation in FIRST LEVEL CONTROLLED OPERATING MODE,

the properties of the MR EQUIPMENT with respect to displayed indication before
entering this mode and to deliberate action when entering this mode, as required in
51.101.3, shall be described. Also, MEDICAL SUPERVISION shall be recommended as
required in 6.8.2 bb).

� For MR EQUIPMENT capable of operating within the SECOND LEVEL CONTROLLED
OPERATING MODE, specific security measures shall be provided as required in
51.101.4 to prevent unauthorised operation in the SECOND LEVEL CONTROLLED
OPERATING MODE. Operation in the SECOND LEVEL CONTROLLED OPERATING MODE is
only permitted under a human studies protocol approved according to local
requirements as required in 6.8.2 bb).

INSTRUCTIONS FOR USE shall recommend that attention should be paid to the safety of
PATIENTS in terms of the deliberate action and MEDICAL SUPERVISION which is required for
entering the FIRST LEVEL CONTROLLED OPERATING MODE, or in terms of the specific security
measures and approval of investigational human studies protocol according to local
requirements required for entering the SECOND LEVEL CONTROLLED OPERATING MODE.

* hh)  Static magnetic field
For MR EQUIPMENT that is capable of operation in the FIRST LEVEL CONTROLLED OPERATING
MODE or the SECOND LEVEL CONTROLLED OPERATING MODE for static magnetic field, the
INSTRUCTIONS FOR USE shall:
� explain the possible effects that PATIENTS may experience when the main static

magnetic field is above the level of the NORMAL OPERATING MODE, paying particular
attention to the effects that may be experienced if the PATIENT�s head is moved rapidly
while in the MR EQUIPMENT, including dizziness, vertigo, and a metallic taste in the
mouth;

� recommend that the PATIENT remains still while in the region of high static magnetic
field;

� provide information on the values of B0 which the MR EQUIPMENT is capable of.
ii)  Time varying magnetic fields

For MR EQUIPMENT that is capable of operation at levels of GRADIENT OUTPUT above the
NORMAL OPERATING MODE the INSTRUCTIONS FOR USE shall:

� explain the possible effects on the PATIENTS of the level of GRADIENT OUTPUT in each of
the operating modes with which the MR EQUIPMENT is provided, paying particular
attention to possible effects on the peripheral nervous system and on the heart;

� provide information on the GRADIENT OUTPUT of which the MR EQUIPMENT is capable in
each operating mode;

� explain that the MR EQUIPMENT will display an indication of the appropriate operating
mode when the value of GRADIENT OUTPUT exceeds the limits of the NORMAL OPERATING
MODE;
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� describe the gradient system as either a WHOLE BODY GRADIENT SYSTEM or as a SPECIAL
PURPOSE GRADIENT SYSTEM and describe the volume in which the GRADIENT OUTPUT is in
compliance.

jj)  Radio frequency magnetic fields
The INSTRUCTIONS FOR USE shall draw attention to risk factors which may increase the
potential for local excessive RF heating and they shall describe ways for the USER to
mitigate these risk factors. These factors to draw attention to include:
� the presence of conductive (metallic) objects or implants within the sensitivity region of

the RF transmit coil. All clothing containing metallic thread or components and all other
metallic objects such as watches, coins, etc. must be removed from the PATIENT;

� the use of medicinal products in transdermal patches which may cause burns to the
underlying skin;

� the fact that skin-to-skin contact may form a conductive loop through part of the body, e.g.,
inner thigh-to-thigh, calf-to-calf, hand-to-hand, hand-to-body, ankle-to-ankle contact;

� the presence of damp clothing;
� the placement of the body or extremities against the RF transmit coil surface;
� the contact between PATIENT and RF receive coil cable and the routing of the RF coil

cable in proximity to RF transmit coil;
� the formation of loops with RF receive coil cables and ECG leads;
� the use of incompatible ECG electrodes and leads. Inform the OPERATOR to only use

MR compatible ECG leads and electrodes, such as provided or specified by the
MANUFACTURER of the MR EQUIPMENT. Inform the OPERATOR to always use electrodes
that have not passed their expiration date.

� the scanning of sedated or unconscious PATIENTS, or PATIENTS with loss of feeling in
any body part, e.g., paralysis of arms or legs, and who would therefore not be able to
alert the OPERATOR as to excessive heating and associated tissue damage;

� the presence of unconnected receive coils or electric cables that remain in the
RF transmit coil during the examination.

For MR EQUIPMENT that is capable of operation at SAR levels above the NORMAL
OPERATING MODE, the INSTRUCTIONS FOR USE shall:
� explain the possible effects of elevated values of the different types of SAR that are

limited by the MR EQUIPMENT as required in 51.103;
� explain the possible effects of the SAR on the PATIENTS in each of the operating modes

provided by the MR EQUIPMENT, paying particular attention to the safety of PATIENTS
who may have reduced thermal regulatory capabilities and increased sensitivity to
raised body temperature (e.g. febrile and cardiac decompensated PATIENTS, those with
compromised ability to perspire, and pregnant women). In addition, information
describing the importance of environmental controls and the effect of ambient
temperature on PATIENT core temperature rise shall be provided, along with
recommendations for environmental conditions for the PATIENT;

� provide information on the values of each type of SAR the MR EQUIPMENT is capable of;
� state the accuracy of the predicted value of the different types of SAR;
� explain that the limits for the operating modes for WHOLE BODY SAR given in 51.103

assume that the examination room temperature is not more than 24 °C and the
relative humidity is not more than 60 %. In addition, the INSTRUCTIONS FOR USE shall
explain how the SAR is controlled outside these environmental specifications. This
explanation may
•  specify that the MR EQUIPMENT shall not be used when the temperature is greater

than 24 °C or the humidity is greater than 60 %, or
•  explain that the limits of the operating modes for SAR are being automatically

reduced according to 51.103.2 (only for MR EQUIPMENT that has the capability to
measure the temperature and humidity);
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� draw attention to means to reduce the risk from high SAR scanning, such as the need
for breaks for the PATIENT to cool down, light clothing for the PATIENT and adequate
ventilation of the PATIENT space.

* kk)  Occupational exposure
INSTRUCTIONS FOR USE shall draw attention to the fact that in some countries legislation
may exist covering occupational limits for exposure to static magnetic fields and time-
varying magnetic fields. However, the INSTRUCTIONS FOR USE may inform the USER that
no evidence exists to support cumulative effects with time for exposure to static
magnetic fields.

* ll)  Auxiliary EQUIPMENT

The USER shall be made aware that any application of physiological monitoring and
sensing devices to the PATIENT should be made under the USER�S direction and is the
USER�S responsibility.
INSTRUCTIONS FOR USE shall warn the USER that the use of auxiliary equipment, such as
physiological monitoring and gating equipment and RF transmit coils, which has not
been specifically tested and approved for use in the environment of the MR EQUIPMENT
may result in burns or other injuries to the PATIENT. INSTRUCTIONS FOR USE shall further
warn the USER that even auxiliary devices labelled as compatible with MR EQUIPMENT or
MR SYSTEMS may be capable of causing injury if the MANUFACTURERS instructions,
especially with respect to electrically conducting lead positioning, are not followed.

mm)  EMERGENCY FIELD SHUT DOWN UNIT

INSTRUCTIONS FOR USE shall indicate when and how the EMERGENCY FIELD SHUT-DOWN UNIT
should be operated in the event of an emergency. Examples of situations which would
require emergency field shut-down shall be provided.
NOTE  Permanent magnets cannot be de-energised in case of emergency.

nn)  Fire precautions
INSTRUCTIONS FOR USE shall recommend to the USER that fire precautions should be
discussed with the local fire department, that emergency procedures should be
established and that it is the USER�S responsibility to take the necessary initiatives.

oo)  Artefacts
INSTRUCTIONS FOR USE shall alert the USER to the fact that image artefacts may occur as a
result of technological and physiological factors (e.g. magnet homogeneity, gradient
linearity, truncation, aliasing, motion, flow, chemical shift, susceptibility variations, etc.).
The effects of these factors (e.g. image non-uniformity, geometric distortion, ghosts,
wraparound etc.) on the image shall be described. Methods of correcting or mitigating
such effects (e.g. changing bandwidth, gradient moment nulling, pre-saturation, etc.) shall
also be discussed.

pp)  Recommended training
INSTRUCTIONS FOR USE shall recommend that training is needed for physicians and the
OPERATOR to operate the MR EQUIPMENT safely and effectively.

qq)  Quality assurance
INSTRUCTIONS FOR USE shall describe the quality assurance procedures recommended for
the USER, including a description of all of the phantoms to be used.

rr)  Maintenance
INSTRUCTIONS FOR USE shall include the recommended maintenance schedules for the
MR EQUIPMENT. Items that should be performed by service personnel shall be identified.
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6.8.3  Technical description

Addition:

aa)  CONTROLLED ACCESS AREA

For MR EQUIPMENT that generates a stray field exceeding 0,5 mT outside its permanently
attached cover, and/or an electromagnetic interference level that does not comply with
IEC 60601-1-2, the technical description
� shall indicate the necessity to define and permanently install a CONTROLLED ACCESS

AREA around the MR EQUIPMENT such that outside this area
1) the magnetic fringe field strength shall not exceed 0,5 mT, and
2) the electromagnetic interference level complies with IEC 60601-1-2:2001;

� shall give clear recommendations as to how this CONTROLLED ACCESS AREA shall be
delimited, e.g. by markings on the floor, barriers and/or other means to allow the
responsible staff to adequately control access to this area by unauthorised persons;

� shall state that the CONTROLLED ACCESS AREA should be labelled at all entries by
appropriate warning signs, including an indication of the presence of magnetic fields
and their attractive force or the torque on ferromagnetic materials (see annex AA for
examples of warning signs and prohibitive signs).

When the MR EQUIPMENT is designed for installation in a room in which audiovisual contact
with the PATIENT is likely to be limited, the technical descriptions shall specify provisions in
the design of the room and in the EQUIPMENT to enable audio and visual contact with the
PATIENT during the MR EXAMINATION. The audio visual contact shall be sufficient to allow
ROUTINE MONITORING and MEDICAL SUPERVISION of the PATIENT.

* bb)  Compatibility technical specification sheet
In addition to the INSTRUCTIONS FOR USE for MR EQUIPMENT a compatibility technical
specification sheet shall be provided with sufficient information to enable testing the
proper operation of peripheral equipment. The compatibility technical specification sheet
(product data sheet) shall describe a number of parameters which characterise the MR
EQUIPMENT. The parameter list includes:
� Magnet: type, field strength, bore dimension, cryogen types and boil-off rates, spatial

distribution of surrounding field in plots relating to a typical installation of the MR
EQUIPMENT.
•  The plots shall represent three suitable orthogonal planes through the iso-center to

illustrate maximum spatial extent of iso-magnetic contours.
•  Each plot shall contain at least the iso-magnetic contours with values of 0,5 mT,

1 mT, 3 mT, 5 mT, 10 mT, 20 mT, 40 mT, and 200 mT as well as a distance scale
and a superimposed outline of the magnet.

•  The position where the spatial gradient of the main magnetic field is a maximum,
and the values of B0 and the spatial gradient of B0 at that location. At this location
the force on a saturated ferromagnetic object resulting from the spatial gradient of
the main magnetic field is maximum.

•  The position where the product of the magnitude of the magnetic field B0 and the
spatial gradient of B0 is a maximum and the value of B0 and the spatial gradient of
B0 at that location. At this location, the force on a diamagnetic or paramagnetic
object, or a ferromagnetic material below its magnetic saturation point, is a
maximum.

� Gradient system: type, amplitude, rise time, slew rate.
� RF system: types of RF transmit coils, amplifier peak r.m.s. power, applied maximum

transmit RF field and bandwidth.
� Compatibility protocols:

The MANUFACTURER of MR EQUIPMENT shall suggest protocols, which can be run
routinely on the MR EQUIPMENT, and enable the MANUFACTURER of peripheral equipment
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to test the functionality of its equipment. The protocols are designed to run the MR
EQUIPMENT with high transmit RF field or high gradient slew rates and amplitudes so
that the MANUFACTURER of peripheral equipment can investigate the influence of the
MR EQUIPMENT on its peripheral equipment. The tests are not intended for
estimation of the possible effect of the peripheral equipment on the resulting image
quality of the MR EQUIPMENT and are no guarantee that the peripheral equipment
will function properly.

� PATIENT space: size, ventilation, communication, and lighting.
� PATIENT SUPPORT: dimensions, positioning, accuracy and maximum load.

cc)  Liquid cryogen and cryogenic gases
For MR EQUIPMENT equipped with superconducting magnets, technical descriptions shall
state the requirements for a venting system which is connected to the outside of the
examination room and shall be designed to withstand a QUENCH and to protect nearby
persons in the case of a QUENCH. This provision assures that the oxygen concentration in
the accessible area remains at acceptable levels.
Technical descriptions shall also specify that means are to be provided so that PRESSURE
build-up during a QUENCH, when the venting fails to work adequately, will not prevent the
door of the examination room from being opened e.g. an equalising wave guide in an
examination room wall, ceiling or in the door.

dd)  Decay characteristics of magnetic field
For MR EQUIPMENT comprised of superconducting magnets or resistive magnets, the
technical description shall provide decay characteristics of the magnet in case of a
QUENCH or of an emergency field shut-down to enable the USER to implement adequate life
supporting and other safety procedures. These characteristics shall indicate the time from
activation of the EMERGENCY FIELD SHUT-DOWN UNIT to the moment at which the field
strength in the centre of the magnet has fallen to 20 mT.
In the technical description, guidance shall be given regarding where and how to install
the actuator of the EMERGENCY SHUT DOWN UNIT.

ee)  Type of gradient system
The gradient system shall be labelled in the technical description by the MANUFACTURER
either as a WHOLE BODY GRADIENT SYSTEM or as a SPECIAL PURPOSE GRADIENT SYSTEM.

SECTION TWO: ENVIRONMENTAL CONDITIONS

This section of the General Standard applies.

SECTION THREE: PROTECTION AGAINST ELECTRICAL SHOCK HAZARDS

This section of the General Standard applies.
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SECTION FOUR: PROTECTION AGAINST MECHANICAL HAZARDS

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

* 26  Vibration and noise

This clause of the General Standard applies except as follows:

Replacement:

The MR EQUIPMENT shall not produce noise having an unweighted peak sound pressure level
(LP) higher than 140 dB referenced to 20 µPa in any accessible area.

Method of measurement of acoustic noise to demonstrate compliance with the given
requirement and for assessment of the level related to the given requirement:

a) The sound pressure level shall be measured in terms of r.m.s. and peak value. Without a
PATIENT on the PATIENT SUPPORT, position the microphone at the magnet isocentre, move
the microphone parallel to the PATIENT SUPPORT along the PATIENT axis to locate the
noisiest location and make the test there.
The microphone shall not be placed inside a head coil unless that head coil is placed over
the PATIENT�S head for all MAGNETIC RESONANCE EXAMINATIONS.

b) The sound level meter shall be placed sufficiently far from the magnet isocentre so that its
accuracy is not affected by the magnetic fringe field. This often requires the use of an
extension cable between the meter and the microphone. The microphone shall be
omnidirectional and insensitive to magnetic fields, or calibrated to account for the
magnetic field.
Care shall be taken to ensure that environmental effects (e.g. electromagnetic
interference, pulsed gradient fields) are avoided or adequately compensated.

c) The sound level meter shall comply with IEC 60651, type 0 or type 1, and/or IEC 60804,
type 0 or type 1.

d) Measurements shall be taken with normal eddy current compensation as for standard
clinical use.

e) Measurements shall be made using the MR EQUIPMENT in the mode producing the worst
case situation acoustically. This can be done either by using maximum amplitude bipolar
gradient waveform (see figure 102) applied simultaneously to all three gradient axes or the
clinical scan condition producing the maximum acoustic noise.
When the maximum gradient waveforms are used, the transition times t1, t2, t3, and t4
shall be the minimum that the MR EQUIPMENT is capable of generating under any
conditions allowed for clinical use. The amplitudes, A+max and A−max, are defined as the
maximum gradient strength that can be generated by the MR EQUIPMENT under normal
gradient operating conditions. The on-time of the pulse, ton, shall be the minimum that will
allow the current wave-form to attain the maximum current demanded by the wave form.
The cycle time, TR, shall be the shortest allowed by the gradient system duty cycle limits.

f) Using the "max hold" function, measure the unweighted peak sound pressure level LP
(according to 3.1 of ISO 1999) using the following sound level meter settings and
conditions:

detector: peak
time weighting: not applicable
frequency weighting: no weighting

measurement period: ≥20 s
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g) Measure the A-weighted r.m.s. sound pressure LAeq, 1 h (according to 3.5 of ISO 1999)
using the following sound level meter settings and conditions:

detector: r.m.s.
time weighting: fast or slow
frequency weighting: A-weighting

measurement duration: ≥20 s
h) Record the values measured.

TR

 ton

t1

t2 t3

t4

 A+max

 A�max

IEC   1130/02

Key

t1, t2, t3 and t4 transition times

ton on-time of the pulse

TR cycle time

A+max and A-max maximum gradient strength

Figure 102 � Gradient output waveform for performing
measurements of acoustic noise

SECTION FIVE: PROTECTION AGAINST HAZARDS
FROM UNWANTED OR EXCESSIVE RADIATION

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

* 36  Electromagnetic compatibility

This clause of the General Standard applies except as follows:

Addition:

Outside the CONTROLLED ACCESS AREA the magnetic stray field shall be smaller than 0,5 mT and
the electromagnetic interference level shall comply with Collateral Standard IEC 60601-1-2.

Inside the CONTROLLED ACCESS AREA the requirements as stated under 6.8.2 ee) are
applicable.

NOTE 1  For electromagnetic compatibility purposes the CONTROLLED ACCESS AREA, when installed, is
considered to be part of the MR SYSTEM.

NOTE 2  Inside the CONTROLLED ACCESS AREA, special interface requirements may be set by the MANUFACTURER of
the MR EQUIPMENT.
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SECTION SIX: PROTECTION AGAINST HAZARDS OF IGNITION OF
FLAMMABLE ANAESTHETIC MIXTURES

This section of the General Standard applies.

SECTION SEVEN: PROTECTION AGAINST EXCESSIVE TEMPERATURES
AND OTHER SAFETY HAZARDS

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

45  PRESSURE VESSELS and parts subject to PRESSURE

This clause of the General Standard applies with the following addition:

Addition:

45.101  If the helium vessel is designed as a PRESSURE VESSEL, then it shall be tested in
compliance with clause 45 of IEC 60601-1, or with national regulations.

49  Interruption of the power supply

This clause of the General Standard applies except as follows:

Addition:

49.101  EMERGENCY FIELD SHUT-DOWN UNIT

MR EQUIPMENT comprised of a superconducting magnet or resistive magnet shall be provided
with an EMERGENCY SHUT DOWN UNIT.

NOTE 1  Such an emergency situation is, for example, the entrapment of persons in the magnetic field resulting
from ferromagnetic objects.

NOTE 2  Requirements on the provision in the INSTRUCTIONS FOR USE of information concerning the EMERGENCY
SHUT DOWN UNIT are given in 6.8.2 mm).

NOTE 3  Information on the magnetic field decay characteristics during emergency field shut-down are required in
6.8.3 dd) for the ACCOMPANYING DOCUMENTS.

49.102  Scan interruption

A facility shall be provided to allow the OPERATOR to immediately stop the scan by interrupting
the power to the gradient system and that to the RF transmit coil (see IEC 60601-1-2).

SECTION EIGHT: ACCURACY OF OPERATING DATA AND
PROTECTION AGAINST HAZARDOUS OUTPUT

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

* 51  Protection against hazardous output

This clause of the General Standard applies except as follows:

51.1  Intentional exceeding of safety limits
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This subclause does not apply.

51.2  Indication of parameters relevant to safety

This subclause does not apply.

51.4  Accidental selection of excessive output values

This subclause does not apply.

Addition:

51.101  Operating modes

When during its operation one or more of the outputs of the MR EQUIPMENT reach a level that
may cause undue physiological stress to the PATIENT, the USER must decide whether or not
this operation is in the interest of the PATIENT. In this clause, requirements on the design of
the MR EQUIPMENT are given that can help the USER to make that decision. The requirements
in this clause describe three levels of operation of MR EQUIPMENT that are specified with
respect to the USER interface and information given to the OPERATOR (51.101) and with respect
to the values of output permitted (51.102 � 51.104).

The requirements of this subclause shall apply separately for all operating modes, and more
specifically for the operating modes for the GRADIENT OUTPUT, the SPECIFIC ABSORBTION RATES
(SAR) and the static magnetic field.

Demonstration of compliance with the requirements of this subclause relating to operating
modes,( i.e. the means for control, the deliberate action required and the information and
indications provided) shall be checked by inspection. The methods of measurement to
demonstrate compliance with the operating mode limits contained in 51.102 and 51.103 are
described in 51.105.1 through 51.105.3.

51.101.1  All operating modes

MR EQUIPMENT shall comply with the following requirements:

a) Means (control) shall be provided in order to ensure, that the limit(s) of the (selected)
operating mode cannot be exceeded. This control shall be independent of OPERATOR input
(as to PATIENT size, mass or position) or shall be checked by the MR EQUIPMENT in order to
detect any OPERATOR input error.

b) A reset to the NORMAL OPERATING MODE with respect to SAR and dB/dt shall be performed
automatically with change of the PATIENT.

c) The MR EQUIPMENT shall provide information upon request about the relevant SAR values
(see INSTRUCTIONS FOR USE in item jj) of 6.8.2).

51.101.2  NORMAL OPERATING MODE

For MR EQUIPMENT that is not capable of operation at levels above the NORMAL OPERATING
MODE as specified in 51.102 and 51.103, no specific indication of the operating mode or
the maximum GRADIENT OUTPUT or predicted value of SAR is required to be displayed at the
CONROL PANEL.

51.101.3  FIRST LEVEL CONTROLLED OPERATING MODE

MR EQUIPMENT that allows the operation in the FIRST LEVEL CONTROLLED OPERATING MODE as
specified in 51.102 and 51.103 shall comply with the following requirements:
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a) Before the start of each scan, an indication of the operating mode defined by the
maximum GRADIENT OUTPUT value for the scan, and a prediction of the value of SAR that
will actually be applied during the scan shall be displayed at the CONTROL PANEL.

b) If the value of the GRADIENT OUTPUT or SAR that controls the scan is such as to enter the
FIRST LEVEL CONTROLLED OPERATING MODE, the attention of the OPERATOR shall be drawn to
this condition by a clear indication on the CONTROL CONSOLE. A record of the operating
mode or equivalent data shall be an integral part of the image data.

c) A deliberate action of the operator shall be necessary in order to enter the first level
controlled operating mode.

51.101.4  SECOND LEVEL CONTROLLED OPERATING MODE

MR EQUIPMENT not intended for normal use in the hospital, which allows the operation in the
SECOND LEVEL CONTROLLED OPERATING MODE for values of the GRADIENT OUTPUT or SAR as
specified in 51.102 and 51.103, shall comply with the following requirements:

a) A specific security measure that prevents access to the SECOND LEVEL CONTROLLED
OPERATING MODE must be deactivated before entering the SECOND LEVEL CONTROLLED
OPERATING MODE. The specific security measure shall be designed so that the SECOND
LEVEL CONTROLLED OPERATING MODE may be accessed only under the authorisation of the
medically responsible person acting under the authority of a human studies protocol
approved according to local requirements. The specific security measure shall involve a
key-lock, a combination lock, a software password, or other protective device.

b) Before the start of each scan, an indication of the operating mode defined by the
maximum GRADIENT OUTPUT value for the scan, and a prediction of the value of SAR that
will actually be controlled during the scan shall be displayed at the CONTROL PANEL.

c) A record of the GRADIENT OUTPUT or SAR that controls the scan values and the equivalent
data shall be an integral part of the image data.

d) An indication to the OPERATOR shall be included that the operating conditions are
potentially hazardous and that these conditions should not be applied for normal clinical
use.

e) The MR EQUIPMENT shall provide means to set adjustable limits (in the SECOND LEVEL
CONTROLLED OPERATING MODE) of GRADIENT OUTPUT or different types of SAR which cannot
be adjusted by the OPERATOR, unless authorised.

* 51.102  Protection against excessive low frequency field variations produced by the
gradient system

Low frequency field variations produced by the gradient system are in this standard the
variations for which the concern is to prevent cardiac or peripheral nerve stimulation (PNS)
(EFFECTIVE STIMULUS DURATION >20 µs).

51.102.1  Objectives for limitation of GRADIENT OUTPUT

The MR EQUIPMENT shall prevent cardiac stimulation in the PATIENT at any operating mode.
The MR EQUIPMENT shall minimize the occurrence of intolerable peripheral nerve stimulation
(PNS) in the PATIENT at any operating mode.

NOTE  MR EQUIPMENT that meet the requirements given in the following sub-clauses are considered to satisfy
these objectives when balanced against their diagnostic efficacy.

For this Particular Standard it is understood that

� PNS is the sensation of an activation of the nervous system due to gradient switching,
� threshold PNS is the onset of sensation,
� painful PNS is the level tolerable to the PATIENT when properly informed and motivated,
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