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furthering international cooperation in relation to standards and standardisation. 
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comprise of balanced representation of producers, users, consumers and others with 
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extent possible, Malaysian Standards are aligned to or are adoption of international 

standards. Approval of a standard as a Malaysian Standard is governed by the 

Standards of Malaysia Act 1996 (Act 549). Malaysian Standards are reviewed 

periodically. The use of Malaysian Standards is voluntary except in so far as they are 

made mandatory by regulatory authorities by means of regulations, local by-laws or 

any other similar ways. 

 

The Department of Standards appoints SIRIM Berhad as the agent to develop 

Malaysian Standards. The Department also appoints SIRIM Berhad as the agent for 

distribution and sale of Malaysian Standards. 

 
For further information on Malaysian Standards, please contact: 
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NATIONAL FOREWORD 
 
 
The adoption of the IEC Standard as a Malaysian Standard was recommended by the 
Working Group on Diagnostic and Therapeutic Non-Ionising Radiation under the authority of 
the Industry Standard Committee on Medical Devices and Facilities for Healthcare. 
 
This Malaysian Standard is identical with IEC 60601-2-33:2002, Medical electrical equipment 
-  Part 2-33: Particular requirements for the safety of magnetic resonance equipment for 
medical diagnosis, including its Amendment 1:2005, published by the International 
Electrotechnical Commission (IEC).  However, for the purposes of this Malaysian Standard, 
the following apply: 
 
a) in the source text, “this International Standard” should read “this Malaysian Standard;  
 
b) the comma which is used as a decimal sign (if any), to read as a point;  
 
c) the basis IEC 60601-2-33 is printed in English and French languages.  However, only 

the English version on odd pages is retained for this Malaysian Standard; and 
 
d) reference to International Standards should be replaced by equivalent Malaysian 

Standards as follows: 
 
Referenced International Standards   Corresponding Malaysian Standards 
 
IEC 60601-1, Medical electrical equipment 
- Part 1: General requirements for safety 
and its amendments 1 (1991) and 2 
(1995) 
 
IEC 60601-1-1, Medical electrical 
equipment - Part 1-1: General 
requirements for safety - Collateral 
Standard: Safety requirements for medical 
electrical systems 
 
IEC 60601-1-4, Medical electrical 
equipment - Part 1: General requirement 
for safety - 4.  Collateral Standard: 
Programmable electronic medical systems 
 

MS IEC 60601-1, Medical electrical 
equipment - Part 1: General requirements for 
safety and its amendments 1 (1991) and 2 
(1995) 
 
MS IEC 60601-1-1, Medical electrical 
equipment - Part 1-1: General requirements 
for safety - Collateral Standard: Safety 
requirements for medical electrical systems 
 
MS IEC 60601-1-4, Medical electrical 
equipment - Part 1: General requirement for 
safety - 4.  Collateral Standard: 
Programmable electronic medical systems 
 

All medical devices to be used in Malaysia shall comply with the local regulations. 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations.   
 
NOTE.  IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure, 
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International 
Standard or is identical in technical content and structure although it may contain the minimal editorial changes 
specified in clause 4.2 of ISO/IEC Guide 21-1. 
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MEDICAL ELECTRICAL EQUIPMENT – 

 
Part 2-33: Particular requirements for the safety of 

magnetic resonance equipment for medical diagnosis 
 
 
 
 

FOREWORD 
 

1)   The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all   national   electrotechnical   committees   (IEC   National   Committees).   The   object   of   IEC   is   to   promote 
international  co-operation  on  all  questions  concerning  standardization  in  the  electrical  and  electronic  fields.  To 
this  end  and  in  addition  to  other  activities,  IEC  publishes  International  Standards,  Technical  Specifications, 
Technical   Reports,   Publicly   Available   Specifications   (PAS)   and   Guides   (hereafter   referred   to   as   “IEC 
Publication(s)”). Their  preparation is  entrusted to  technical committees; any IEC National  Committee interested 
in   the   subject   dealt   with   may   participate   in   this   preparatory   work.   International,   governmental   and   non- 
governmental  organizations  liaising  with  the  IEC  also  participate  in  this  preparation.  IEC  collaborates  closely 
with  the  International  Organization  for  Standardization  (ISO)  in  accordance  with  conditions  determined  by 
agreement between the two organizations. 

2)   The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus  of  opinion  on  the  relevant  subjects  since  each  technical  committee  has  representation  from  all 
interested IEC National Committees. 

3)   IEC  Publications  have  the  form  of  recommendations  for  international  use  and  are  accepted  by  IEC  National 
Committees  in  that  sense.  W hile  all  reasonable  efforts  are  made  to  ensure  that  the  technical  content  of  IEC 
Publications  is  accurate,  IEC  cannot  be  held  responsible  for  the  way  in  which  they  are  used  or  for  any 
misinterpretation by any end user. 

4)   In  order  to  promote  international  uniformity,  IEC  National  Committees  undertake  to  apply  IEC  Publications 
transparently  to  the  maximum  extent  possible  in  their  national  and  regional  publications.  Any  divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

 

5)   IEC  provides  no  marking  procedure  to  indicate  its  approval  and  cannot  be  rendered  responsible  for  any 
equipment declared to be in conformity with an IEC Publication. 

6)   All users should ensure that they have the latest edition of this publication. 
 

7)   No  liability  shall  attach  to  IEC  or  its  directors,  employees,  servants  or  agents  including  individual  experts  and 
members of its technical committees and IEC  National Committees for any  personal injury, property damage or 
other  damage  of  any  nature  whatsoever,  whether  direct  or  indirect,  or  for  costs  (including  legal  fees)  and 
expenses  arising  out  of  the  publication,  use  of,  or  reliance  upon,  this  IEC  Publication  or  any  other  IEC 
Publications. 

 

8)   Attention  is  drawn  to  the  Normative  references  cited  in  this  publication.  Use  of  the  referenced  publications  is 
indispensable for the correct application of this publication. 

 

9)   Attention  is  drawn  to  the  possibility  that  some  of  the  elements  of  this  IEC  Publication  may  be  the  subject  of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

 
International  Standard  IEC 60601-2-33  has  been  prepared  by  subcommittee  62B:  Diagnostic 
imaging equipment, of IEC technical committee 62: Electrical equipment in medical practice. 

 
This   consolidated   version   of   IEC   60601-2-33   is   based   on   the   second   edition   (2002) 
[documents   62B/462/FDIS   and   62B/467/RVD]   and   its   amendment 1   (2005)   [documents 
62B/573/FDIS and 62B/586/RVD]. 

It bears the edition number 2.1. 

A   vertical   line   in   the   margin   shows   where   the   base   publication   has   been   modified   by 
amendment 1. 
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The French version of this standard has not been voted upon. 

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 the base publication and its amendments will 
remain  unchanged  until  the  maintenance  result  date  indicated  on  the  IEC  web  site  under 
"http://webstore.iec.ch"   in   the   data   related   to   the   specific   publication.   At   this   date, 
the publication will be 

 

• reconfirmed, 
 

• withdrawn, 

• replaced by a revised edition, or 
 

• amended. 
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INTRODUCTION 

 
This   Particular   Standard   is   written   at   a   moment   in   which   the   technical   evolution   of 
MR  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. W here 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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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  MR  EQUIPMENT  as  defined  in  2.2.101  and  MR  SYSTEMS  as 
defined in 2.2.102. 

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

 
1.2 Object 

 

Replacement: 
 

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

 
It  establishes  requirements  to  provide  information  to  the  OPERATOR,  staff  associated  with 
MR  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. 
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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. 

 
W here 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. 

 
W here  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  modif ying  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 
M AGNETIC 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 
M AGNETIC 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 
W HOLE BODY M AGNETIC RESONANCE EQUIPMENT (WHOLE BODY MR  EQUIPMENT) 
MR  EQ UI PMENT  of  suff icient  size  to  allo w  who le  bod y  M R-EXAMINATIO N  and  p artia l  b od y MR- 
EXAMINATIO N  of  adult  PATIENTS .  It  m ay b e  equ ip ped  with  VO L UME  RF TRANSMIT  CO IL S ,  LOCA L 

RF TRANSMIT  CO IL S  and with a SPECIA L  PURP O SE  G RADIENT SYSTEM  

 
2.2.104 
WOLE BODY M AGNET 

magnet suitable for use in W HOLE BODY MR  EQUIPMENT 
 

 
2.2.105 
TRANSVERSE FIELD M AGNET 

magnet for which the field is at right angles to the axial direction of the PATIENT 

 
2.2.106 
W HOLE BODY GRADIENT SYSTEM 

a gradient system suitable for use in W HOLE 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 

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 WHO LE 

BO DY   RF  TRANSMIT   COIL,  a  HEAD   RF  TRANSMIT   CO IL   or  a  RF  transm it  coil  d esig ned  f or 
hom ogeneo us  exposure  of  a  specif ic  part  of  the  bo d y.  A  s ing le  loo p  coil  enclos ing  the 
bod y  or  a  part  of  the  bod y  is  cons idere d  to  be  a  VO L UME  RF  TRANSMIT  CO IL   (exam ple: 
single loop  wrist co il) 

 
2.2.110 
W HOLE BODY RF TRANSMIT COIL 

VOLUME RF TRANSMIT COIL of sufficient size for whole body examinations of adult PATIENTS 
 

 
2.2.111 
HE AD RF TRANSMIT COIL 

VOLUME  RF TRANSMIT  COIL  suitable  for  use  in MR  EQUIPMENT  for  a  MR  EXAMINATION  of  the  head 
of PATIENTS 
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2.2.112 
LOCAL RF TRANSMIT COIL 

RF transmit coil other than a VOLUME RF TRANSMIT COIL. The LOCAL RF TRANSMIT COIL  can be a 
coil for spectroscopy 

 
2.10 Operation of equipment 

 

2.10.101 
NORM AL 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 

m ode  of  operation  of  th e  MR  EQ UI PMENT  in  whic h  one  or  m ore  outputs  reach  a  valu e  tha t 
m ay  prod uce  sig nif icant  risk  f or  PATIENTS ,  f or  which  exp licit  et hica l  a pproval  is  requ ired 
(i.e. a hum an stud ies pr otocol ap proved t o local requir em ents) 

 

 
* 2.10.104 
M AGNETIC 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 DOW N 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 
M AGNETIC 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 
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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 

 

 
2.12.104 
COMPLIANCE VOLUME 

area of PATIENT  accessible space in which compliance of GRADIENT OUTPUT  is inspected 

In MR  EQUIPMENT  with  a  cylindrical W HOLE  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  W HOLE  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 
M AXIMUM 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  Gmax  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 
W HOLE BODY SAR 
SAR averaged over the total mass of the PATIENTS  body and over a specified time 

 

 
2.101.3 
PARTI AL 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 
HE AD 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 
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2.101.6 
TIME RATE OF CHANGE OF THE M AGNETIC 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 

 

 
2.101.8 
EFFECTIVE STIMULUS DURATION 

ts,eff 

duration   of   an y   per iod   of   the   m onoton ic   increasin g   or   d ecreasin g   gradient,   used   to 
describe  its  lim its  f or  cardiac  or  p erip hera l  ner ve  stim ulat ion .  It  is  d ef ined  as  t he  rat io  of 
the  peak -to-peak  f ield  variation  and  th e  m axim um  value  of  th e  t im e  derivat ive  of  the 

gradient in that per iod 
 
 
 

 
G 

 
a 

 

 
 
 
 

dB/dt 

 
Gmax 

 

Graph a 
 

G magnetic field gradient 
 

Gmax maximum of gradient 
 

 
 
dB/dt time rate of change of magnetic 

field 

b ts,eff 
ts,eff 

 

(dB/dt)max 

 

maximum of  time rate of change 
of magnetic field 

 
(dB/dt)max 

 

 
Time 

 

ts,eff effective stimulus duration 

 
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,ef f  is indicated. 

 

Figure 101 – Gradient waveform and EFFECTIVE STIMULUS DURATION 
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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 R AT E O F CH AN GE OF TH E M AGN ET IC FI EL D (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 MO DE 

L12 V/m or T/s Limit of the GRADIENT OUTPUT  for the FIRST LE VE L CONTROLLED OP ER AT ING 

MOD E 

O depending on context GRA DIE NT O UTP UT 

Oi depending on context GRA DIE NT O UTP UT per GR AD IE N T U NI T 

rb V/m or T/s Rheobase 

SAR W/kg SPEC IFI C AB SO RBT IO N RAT E  (SAR) 

ts,eff ms EFFE CTI VE S TIM UL US D URA TI ON 

tSA R min Averaging time for the determination of SAR 

T 
o
C

 
Temperature 

wi none W ei ght  f ac t or  per  GRADIENT  UNIT  r e la t in g  th e GRADIENT  OUT P UT  of  t hat  uni t 
to  th e  l imit  

 

 
 
 

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. 

 
Comp liance   is   cons ide red   to   b e   fu lf illed ,   w h en   t he  MR  EQ UI PMENT   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. 
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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. 

 
* 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; 
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– 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 DOW N 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. 

* ee)    CONTROLLED ACCESS AREA 
 

W hen 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; 

 
 
 
 
 

L
ic

e
n

s
e

d
 t

o
 S

T
A

N
D

A
R

D
S

 M
A

L
A

Y
S

IA
 /

 S
in

g
le

 u
s
e

r 
lic

e
n

s
e

 o
n

ly
, 

c
o

p
y
in

g
 a

n
d

 n
e

tw
o

rk
in

g
 p

ro
h

ib
it
e

d



 

© STANDARDS MALAYSIA 2009 – All rights reserved 

 31 MS IEC 60601-2-33:2009 
 

 
– 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  EQ UI PMENT    capable   of   op erating   wit h in   t he   SECO ND   L EVEL   CO NT RO L L E D 

O PERATING   MO DE ,   specif ic   securit y   m easures   shall   b e   pro vid ed   as   require d   in 
51.1 01.4   t o   prevent   u naut horise d   opera tio n   in   the   SECO ND   L EVEL   CO NT RO L L E D 

O PERATING  MO DE .  Operatio n  in  the  S E COND  LE V E L  CONT ROLLE D  OPE RAT I NG  MO DE  is 
onl y   perm itted   un der   a   hum an   studies   prot ocol   ap proved   according   to   loca l 
requirem ents as req uire d in 6.8 .2 b b). 

 

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. 
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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; 

– describe the gradient system as either a W HOLE 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. 
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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  W HOLE  BODY  SAR  given  in 51.103

assum e  that  the  exam ination  room  tem perature  is  not  m ore  than  24 °C  and  the 
relative  hum idity  is  not  m ore  than  60 %.  In  addition,  the  INSTRUCTIONS  F OR  USE  shall 
explain  how  the  SAR  is  controlled  outside  these  environm ental  specifications.  This 
explanation may 

 specif y  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); 

 

– 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 

 

INS T RUCT I O NS  F O R  US E  shall dr a w a tten tio n t o t h e f act that  in som e coun tries leg islat ion 
m ay  exist  c overin g  occu pationa l  lim its  f or  exposure  to  static  m agnet ic  f ields  and  tim e- 
var yin g  m agnet ic  f ields.  Ho we ver,  th e  INS T RUCT I O NS  F O R  USE  m a y  inf orm  the  USER  that 
no   e vide nce   ex ists   to   support   cum ulat ive   ef f ects   with   tim e   f or   exp osure   to   stat ic 
m agnetic f ields. 

 
* 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 
ph ys iolog ical  m onitorin g  an d  g at ing  eq uipm ent  and  RF  transm it  coils,  wh ich  h as  no t 
been  specif ica ll y  t ested  and  a ppro ved  f or  use  in  th e  e nvironm ent  of  th e MR  EQ UI PMENT 

m ay resu lt  in  burns  or  other  injuries  to  the  PATIENT .  INS T RUCT I O NS  F O R  US E  shall  f urther 
warn  th e  USER  that  even  auxiliar y d evices  la be lled  as  com patib le  with MR  EQ UI PMENT  or 
MR  SYSTEMS    may   be   capable   of   causing   injury   if   the   MANUFACTURERS    instructions, 
especially with respect to electrically conducting lead positioning, are not followed. 
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mm) EMERGENCY FIELD SHUT DOW N UNIT 

INSTRUCTIONS  FOR  USE  shall  indicate  when  and  how  the  EMERGENCY  FIELD  SHUT-DOW N  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.  This  training  shall  include 
emergency procedures, including those for the issues described in this subclause under 

 

 cc)  Emergency medical procedures 

 ee)  CONTROLLED ACCESS AREA 
 

 mm)  EMERGENCY FIELD SHUT DOW N UNIT 

 nn)  Fire precautions 
 

 ss)  Emergency actions in the event of a QUENCH. 

 
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 

INS T RUCT I O NS  F O R  USE  shall  include  th e  recom m ende d  m ainte nance  sch edu les  f or  th e 
MR  EQ UI PMENT . Items that should be performed by service personnel shall be identified. 

 
* ss) Emergency actions in case of a QUENCH 

The INSTRUCTIONS  FOR USE  shall include instructions on how to identify a QUENCH  and how 
to   act   in   the   event   of   a   QUENCH,   especially   when   the   venting   system   of   the 
superconducting magnet system fails. 
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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  b y 
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). 

 

W hen 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-m agnetic  contours  with  values  of  0,5  m T, 
1 mT, 3 m T, 5 mT, 10 mT, 20 m T, 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. 
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– 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 
to  test  th e  f unctio nalit y  of  its  equipm ent.  T he  protocols  ar e  design e d  to  run  t he 
MR  EQ UI PMENT    with   h ig h   transm it   RF   f ield   o r   high   grad ie nt   sle w   rates   and 
am plitudes  so  tha t  the  MA NUF A CT URE R  of  perip heral  e qu ipm ent  can  in vestigat e  the 
inf lue nce   of   the  MR  EQ UI PMENT   on   its   periphe ral   equ ipm ent.   T he   tests   are   not 
inte nde d  f or  estim ation  of  the  possible  ef f ect  of  the  per iph eral  equ ip m ent  on  the 
resulting   im age   qua lit y   of   the   MR  EQ UI PMENT    and   are   n o   g uaran te e   tha t   th e 
perip hera l e quipm ent will f unctio n pro perl y. 

– PATIENT  space: size, ventilation, communication, and lighting. 
 

– PATIENT SUPPORT: dimensions, positioning, accuracy and maximum load. 

 
* cc) Safety provisions in the event of a quench 

 

For MR    EQUIPMENT equipped with superconducting magnets, the ACCOMPANYING 

DOCUMENTS shall 

– state  the  requirements  for  a  venting  system  for  the  superconducting  magnet  which 
connects  the  cryostat  of  the  magnet  to  the  outside  atmosphere  and  which  is  designed 
to withstand a QUENCH and to protect nearby persons in the event of a QUENCH; 

– provide guidelines for the construction (dimensions, position, assembly and material to 
be  applied)  of  the  venting  system  for  the  superconducting  magnet  inside  and  outside 
the examination room; 

 

– recommend a preventive maintenance program, which states that regular checks of the 
adequateness  of  the  function  of  the  venting  system  for  the  superconducting  magnet 
are to be made; 

– state  requirements  for  the  design  of  the  examination  room  to  increase  safety  of   the 
patient  and  other  persons  inside  and  outside  the  examination  room  in  the  event  of 
failure of the venting system during   a quench. The suggested design shall address the 
issues  of  reducing  pressure  build-up,  temperature  decrease  and  oxygen  depletion 
during  a  quench.  A  number  of  acceptable  solutions  for  such  provisions,  demonstrated 
to  be  effective  by  simulation  or  test,  shall  be  listed,  so  that  even  when  the  venting 
system  of  the  superconducting  magnet  fails  to  work  adequately,  the  chance  of  a 
hazard  for  the  PATIENT  or  other  persons  inside  as  well  as  outside  the  examination 
room,  as  caused  by  PRESSURE  build-up,  temperatures  decrease  or  oxygen  depletion 
during the QUENCH, is reduced considerably; 

 

– state  the  need  for  the  USER  to  establish  an  emergency  plan  for  a  quench,  including  a 
situation  in  which  the   venting system  for the superconducting magnet fails  to function 
adequately; 

– state the need for possible extra control measures for the PATIENT  ventilation system in 
order not to expose the PATIENT  to additional helium  transported to the PATIENT  via the 
PATIENT   ventilation   system.   The   PATIENT   ventilation   system   should   have   its   inlet 
opening  in  a  safe  place  (such  as  at  a  low  level  in  the  examination  room  or  directly 
connected  to  the  air-conditioning  of  the  examination  room),  or  be  connected  to  a 
QUENCH    detector,   so   that   the   PATIENT    ventilation   system   can   be   automatically 
controlled  when  a  QUENCH  occurs  and  will  not  transport  helium  to  the  PATIENT  inside 
the scanner. 
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NOTE 1    The  venting  system  for  the  superconducting  magnet  is  considered  to  be  the  cryogenic  vent  pipe  and  all 
the extra components necessary to safely accommodate a QUENCH. 

 

NOTE 2    Examination room configurations demonstrated by simulation or test that are acceptable include: 

 configurations in which the RF door opens outwards or is a sliding RF door; 
 

 configurations  in  which  the  RF  door  opens  inwards,  if  these  include  extra  precautions  to  prevent  PR ES SU RE 

build up. This can be realized by one of the following 
 

 an extra examination room ventilator system, which can be switched on (possibly automatically via an 
oxygen  monitor  in  the  ceiling  of  the  examination  room  to  detect  the  escape  of  helium  gas)    in  the 
event of a QUENCH; or 

 

 an opening in the wall or ceiling of the examination room, venting towards an open area; or 

 a possibility of opening   the observation window in the examination room outward or by sliding; or 
 

 a  second  independent  venting  system  for  the  superconducting  magnet  that  remains  operational  in 
case the regular venting system for the superconducting magnet is obstructed; or 

 equivalent methods demonstrated to be effective by simulation or test. 

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-DOW N   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 DOW N UNIT. 

 
ee) Type of gradient system 

 

The  gradient  system  shall  be  labelled  in  the  technical  description  by  the  MANUFACTURER 

either as a W HOLE BODY GRADIENT SYSTEM  or as a SPECIAL PURPOSE GRADIENT SYSTEM. 
 

 
 

SECTION TW O: ENVIRONMENTAL CONDITIONS 

This section of the General Standard applies. 

 

 
 

SECTION THREE: PROTECTION AGAINST ELECTRICAL SHOCK HAZARDS 

This section of the General Standard applies. 

 

 
 

SECTION FOUR: PROT ECTION AGAINST MECHANICAL HAZARDS 
 

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

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: 
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detector: r.m.s. 

time weighting: fast or slow 

frequency weighting: A-weighting 

measurement duration: ≥ 20 s 

h)   Record the values measured. 
 

 
 

 

ton 

TR 
 

 
 

A+max 
 

t4 

Ke y 
 

t
1
, t

2
, t

3  
and  t4 transition times 

ton on-time of the pulse 

TR cycle time 
 

A+max  and  A-max maximum gradient strength 

 

 
 
 

t1 
 

 
 

t2 t3 

 

 

A–max 

 
 
 
 
 
IEC  1130/02 

 

 
 

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

 

 
 

SECTION FIVE: PROTECTION AGAINST HAZARDS 

FROM UNW ANTED 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   th e   CONT ROLLE D   A CCE SS   A RE A   the   requirem ents   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 CO NT RO LL ED  ACC ES S  ARE A, special interface requirements may be set by the M AN UFA CT UR ER  of 
the MR  EQUIPMEN T. 

 

 
 

SECTION SIX: PROTECTION AGAINST HAZARDS OF IGNITION OF 
FLAMMABLE ANAESTHETIC MIXTURES This section of the General Standard applies. 
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SECTION SEVEN: PROTECTION AGAINST EXCESSIVE TEMPERATURES 

AND OTHER SAFET Y 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-DOW N UNIT 

 
MR  EQUIPMENT  comprised  of  a  superconducting  magnet  or  resistive  magnet  shall  be  provided 
with an EMERGENCY SHUT DOW N 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  IN ST RU CT IO NS  FO R  U SE  of  information  concerning  the  EM ER GEN C Y 

SHU T DOW N 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 AC CO MPANYING DOCUMENT S. 

 

 
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: 
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51.1 Intentional exceeding of safety limits 
 

 
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 
 

W hen  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 NORM AL OPERATING MODE 

 
For  MR  EQUIPMENT   that  is  not  capable  of  operation  at  levels  above  the  NORMAL  OPERATING 

MO DE  as  specif ie d  in  5 1 .102  an d  5 1.10 3,  no  sp ecif ic  ind icat ion  of  the  operat in g  m ode  or 
the  maximum  GRADIENT  OUTPUT  or  predicted  value  of  SAR  is  required  to  be  displayed  at  the 
CONROL PANEL. 
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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: 

 

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). 
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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 subclauses 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, 
 

– intolerable  PNS  is  the  level  at  which  the  PATIENT   will  ask  the  scan  procedure  to  be 
terminated immediately, 

– cardiac stimulation is the induction of an ectopic beat or other cardiac arrhythmia. 
 

The MR EQUIPMENT shall minimize the occurrence of painful PNS in the NORMAL OPERATING MODE. 

 
51.102.2   Limits for GRADIENT OUTPUT 

 

In  this  subclause,  limits  are  expressed  either  as  the  electric  field  E  induced  in  the  patient  by 
the changing magnetic field of the gradients, or by dB/dt, the time rate of change of that field. 
The  limits  are  a  function  of  the  EFFECTIVE  STIMULUS  DURATION  ts,eff  .  The  EFFECTIVE  STIMULUS 

DURATION is illustrated in figure 101 for some waveforms. 

 
Test conditions used to demonstrate compliance to these limits are defined in 51.105.2. 

 
51.102.2.1 Limits related to prevention of cardiac stimulation 

 
To  protect  against  cardiac  stimulation  in  each  operating  mode,  the  GRADIENT  OUTPUT  of  all 
GRADIENT UNITS  shall satisfy: 

2 
E  < 

⎪⎧ ⎛ 
⎨1  exp ⎜  

 
 
ts,eff  ⎞⎪⎫ ⎟⎬ 

 
where 

⎝ 3 ⎠ 

ts,eff   (ms)   is the EFFECTIVE STIMULUS DURATION ; 

E  (V/m) is the electric field induced by GRADIENT SW ITCHING. 
 

For MR EQUIPMENT  provided with W HOLE BODY GRADIENT SYSTEMS, this limit may be replaced by: 
 
 

d B  / d t  < 
⎧ 

20 

⎛ t s, eff   ⎞ ⎫ 
⎨ 1   exp ⎜  ⎟ ⎬ 
⎩ ⎝ 3 ⎠ ⎭ 
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where 

dB/dt (T/s)  is the rate of change of the magnetic field during GRADIENT SW ITCHING ; 
 

ts,eff (ms) is the EFFECTIVE STIMULUS DURATION. 
 

 
51.102.2.2 Limits related to peripheral nerve stimulation (PNS) 

 
Limits  of  GRADIENT  OUTPUT  either  shall  be  based  on  the  results  of  an  experimental  study  of 
human subjects  as described in section a) of  this  subclause or shall have values as stated in 
section b) of this subclause. 

 

a)   Directly determined limits 

Limits  related  to  minimising  PNS  for  any  given  type  of  gradient  system  may  be  based  on 
direct determination from a study on human volunteers and are as follows: 

 

–   for  operation  in  the  NORMAL  OPERATING  MODE,  the  gradient  system  shall  operate  at  a 
level that does not exceed 80 % of the directly determined mean threshold PNS, and 

–   for  operation  in  the  F I RS T  LE VE L  CONT ROLLE D  OP E RAT I NG  MO DE ,  the  gradient  s ystem 
shall  operate  at  a  level  that  does  not  exceed  100 %  of  the  directl y deter m ined  m ean 
threshold PNS. 

In addition the study may be used to derive weight factors for each GRADIENT UNIT, suitable 
for use in the control of the GRADIENT OUTPUT  (see 51.102.2.3) 

 

The manner in which the direct determined threshold PNS and weight factors are obtained 
from the human volunteer study shall comply with the conditions stated in 51.105.1. 

These  limits  and  weight  factors  shall  not  be  applied  to  other  types  of  gradient  systems, 
unless such types are shown to be of sufficiently similar design. 

 
b)   Default values 

 

W hen  no  direct  determination  of  limits  is  obtained,  the  GRADIENT  OUTPUT   limits  for  the 
NORMAL  OPERATING  MODE   (L01)  and  the  FIRST  LEVEL  CONTROLLED  OPERATING  MODE   (L12) 
shall, depending on the label (as  defined in 6.8.3 ee)  not be larger than the values stated 

below: 
 
 
 
 

where 

 

L12 = 1,0 rb(1 + 0,36/ ts,eff),  (ts,eff  in ms) 

 
L01 = 0,8 rb(1 + 0,36/ ts,eff),  (ts,eff in ms) 

ts,eff   (ms) is the EFFECTIVE STIMULUS DURATION  and 

rb (here in T/s) is the rheobase given in Table 102. 
 

 
L01 and L12 as well as rb shall either be expressed as the electric field E (V/m) induced or 
as the TIME RATE OF CHANGE OF THE MAGNETIC FIELD  dB/dt (T/s). 
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Table 102 – Rheobase values per type of gradient system 
 

Type of gradient s ystem rb expressed as 
 

E  (V/m) 

rb  expressed as 
 

dB/dt  (T/s) 

WHOLE BODY GRADIENT SYSTEM 2,2 20 

SPEC IAL P UR PO SE GR AD IE NT 

SYSTEM  

 

2,2 
 

Not applicable 

 

 
Figure 103 gives a graphical presentation of the limits for GRADIENT  OUTPUT  for a W HOLE  BODY 

GRADIENT  SYSTEM  related  to  cardiac  stimulation  and  peripheral  nerve  stimulation,  expressed 
in dB/dt, as a function of the EFFECTIVE STIMULUS DURATION. 
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Limits  for  peripheral  nerve  stimulation  of  GR AD IEN T  OUT PU T  for  the  NORMAL  OPERATIN G  MO DE  (L01)  and  the  FIRST 

LEV EL  C ONT RO LL ED  OP ER AT IN G  MOD E  (L12)  in W HOLE  BO D Y  GR ADI EN TS,  expressed  as dB/dt  (T/s)  versus  ts  (ms).  The 

limit of 51.102.2.1 for cardiac stimulation is shown for comparison. 

 

Figure 103 – Limits for cardiac and peripheral nerve stimulation 
 

 
51.102.2.3 Control of GRADIENT OUTPUT 

 

The MR  EQUIPMENT  shall control the GRADIENT  OUTPUT  O  of the gradient system so that it does 
not  exceed the  limits  for  peripheral  nerve stimulation.  O  shall  either  be  obtained by weighted 
quadratic  addition  from  Oi,  the  maximum  GRADIENT  OUTPUT   of  each  GRADIENT  UNIT  i,  or  by 
properly validated alternative summation rules. 

 

The equation expressing weighted quadratic addition shall be: 

 

O =    ∑(wi Oi  )
2

 

 
where wi  is the weight factor per GRADIENT UNIT. 
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W eight  factors  for  E-fields  are  alwa ys  equal  to  one,  weight  factors  for dB/dt  are  stated  in 
table 103. Values of weight factors derived by direct determination or other properly validated 
means may be used. 

 
Table 103 – Weight factors for summation of the maximum output Oi  per GRADIENT UNIT 

 

W eight factors  
Type of gradient s ystem 

 

wAP  
a wLR  

a wHF  
a 

Default values 1,0 1,0 1,0 

Cylinder magnets 1,0 0,8 0,7 

WHOLE BO D Y G RA DIE NT S YST EM 

Empirical determination 1,0 b b 

Default values 1,0 1,0 1,0 SPEC IAL  PU RP OS E 
 

GRA DIE NT S YST EM Empirical determination 1,0 b b 

NOTE    W eight factors for the E field are always equal to one. 

a     wAP ,  wLR,  wHF :  W eighting  factors  allowed  per  G RA DIE NT   UNIT,  depending  on  the  orientation  of  the 
direction  of  the  G RA DIE NT  UNI TS   with  respect  to  the  PATIENT   coordinate  system  with  axes  AP  (anterio- 
posterior), LR (left to right) and HF (head to feet). 

 

b   Values of weight factors derived by direct determination or other properly validated means may be used. 

 

 
* 51.103 Protection against excessive radio frequency energy 

 

51.103.1 Limits for temperature 
 

The   MR  EQUIPMENT   shall   limit   body   core   temperature   rise   and   limit   spatially   localised 
temperatures  in  the  body  of  the  PATIENT   to  values  given  in  table  104  by  limiting  pulse 
sequence parameters and by limiting radio frequency power. 

 
Table 104 – Temperature limits 

 

Spatiall y localised temperature limits  

 
Operating mode ↓ 

 

 
Rise of bod y core 

temperature 

°C 

Head 

 
°C 

Torso 

 
°C 

Extremities 

 
°C 

NOR MA L 0,5 38 39 40 

FIRS T LE VEL CON TR OL LED 1 38 39 40 

SECO ND LE VE L CONTR OL LE D >1 >38 >39 >40 

 

 
Compliance  to  the  limits  to  temperature  and temperature  rise  may be reached  by limiting  the 
SPECIFIC ABSORPTION RATE (SAR) as specified in 51.103.2. 

 
NOTE    The  requirements  regarding  protection  against  radio  frequency  power  assume  that  the  MA NU FA CTU RE R’S 

recommendations regarding the control of environmental temperature, humidity and other conditions are met. 

 
For  ACCESSIBLE  SURFACES  the temperature limits  of  the General  Standard  IEC 60601-1 apply. 
For estimation, see rationale. 
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51.103.2 Limits for SAR 
 

The  methods   of   measurements   to  demonstrate   compliance   with  these   requirements   are 
described in 51.105.3. 

 

 
In  table  105,  allowed  ranges  of  values  of  whole  body SAR,  partial  body SAR,  head  SAR  and 
local SAR  are given for  normal operating mode and first level controlled operating mode.  For 
the  second  level  controlled  operating  mode,  no  limits  are  given.  These  limits  are  considered 
the responsibility of the local investigational review board that has authorized its use. 

 
T he m ass used to deter m ine the W HO L E  BO DY  SAR is given by the PATIENT  m ass. T he m ass 
to  determ ine  the  PARTIAL  BO DY  SAR  is  called  exposed  PATIENT  m ass.  It  is  given  by  the 
PATIENT  m ass  within  the  effective  volum e  of  the  RF  transm it  coil.  T he  effective  volum e  of 
the RF transm it coil shall be that volum e in whic h no m ore than 95 % of  the total absorbed 
RF  power  is  depos ited  inside  a  hom ogeneous  m aterial  which  fills  the  volum e  norm all y 
accessible by the PATIENT. 

 
The  mass  to  determine  the  HEAD  SAR  shall  be  the  mass  of  the  head  approximated  by  a 
suitable model. The mass to determine the LOCAL SAR shall be 10 grams. 

 
Table 105 – SAR limits 

 

Averaging time 6 min 

 W HOLE BO D Y 

SAR 
PAR TI AL B OD Y 

SAR 
HEAD SAR LOC AL SAR 

Body region → Whole body Exposed body 
part 

Head Head Trunk Extremities 

Operating mode ↓ (W /kg) (W /kg) (W /kg) (W /kg) (W /kg) (W /kg) 

NOR MA L 2 2 – 10 a 3,2 10 
b 10 20 

FIRS T LE VEL 

CONTROLLED  
4 4 – 10 a 3,2 10 

b 10 20 

SECO ND LE VE L 

CONTROLLED  
>4 >(4-10) a >3,2 >10 

b >10 >20 

SHORT TERM SAR The SAR limits over any 10 s period shall not exceed three times the stated values 

a The limit scales dynamically with the ratio "exposed PAT IE NT  mass / PATIE NT  mass": 

NORMAL OP ERATING MO DE  : 

PART IAL B OD Y SAR = 10 W /kg – (8 W /kg * exposed PA TI EN T  mass / PATI ENT  mass) 

FIR ST LE VE L CO NTR OL LE D OP ERA TIN G MOD E  : 

PART IAL B OD Y SAR = 10 W /kg – (6 W /kg * exposed PA TIE NT  mass / PATI EN T mass) 

b    In cases where the orbit is in the field of a small LOC AL RF TR ANSMIT COIL, care should be taken to ensure that 

the temperature rise is limited to 1 
°C

. 

 

 
For WHOLE-BODY  SAR,  the  values  in table  105  are  valid  at  environmental temperatures  below 
24 °C.   At   higher   temperatures,   these   values   shall   be   reduced   depending   on   actual 
environmental  temperature   and  humidity.  The   reduction  of   SAR  limits   for   environmental 
temperature starts at the derating temperature. The derating temperature is 25 °C for relative 
humidity  <60 %.  For  each  10 %  increase  of  the  relative  humidity  in  excess  of  60 %,  the 
derating temperature is reduced by 0,25 °C (e.g. 24 °C at 100 % relative humidity). 
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For  each  degree  of  environmental  temperature  that  exceeds  the  SAR-derating  temperature, 
the  WHOLE-BODY  SAR  limit  shall  be  reduced  by  0,25 W /kg  until  the  SAR  is  2 W /kg  or  0 W /kg 
for FI RS T  CONT ROLLE D  OPE RA TI NG  MO DE  or for NO RMAL  O PERAT ING  MO DE , respectivel y. Figure 

104 is a gr aphical r epresentation of the requir em ent in this subclause. 
 
 

 
5 

 

 
h = 100 % 

4 
 

80 % 

3 
≤ 60 % 

 

 
h = 100 % 

2 
 

80 % 

≤ 60 % 
1 

 

 
0 

20 24 28 32 36 40 
25 

T   °C 
 
IEC   1132/02 

 
Figure 104 – Reduction of W HOLE BODY SAR limits at high temperatures and humidity 

 

 
Curves  display  W HOLE  BODY  SAR  limits  versus  ambient  temperature T  for  three  values  of 
relative   humidity   h.   Lower   curves:   NORMAL   OPERATING   MODE;   upper   curves:  FIRST   LEVEL 

CONTROLLED OPERATING MODE. 

 
51.103.3 Control of SAR 

 
For  exposure  with  a  volume  RF  transmit  coil  the  MR  EQUIPMENT  shall  control  the  head  SAR, 
the partial body SAR and the whole body SAR. 

 
For  exposure  with  a  local  RF  transmit  coil  the MR  EQUIPMENT  shall  control  the  local  SAR  and 
the whole body SAR. 

 
NOTE 1    Depending on the actual given exposure situation - defined by the dimensions of the RF transmit coil and 
of the PA TI ENT  and his position relative to the coil - one of the SAR aspects will be the limiting factor and hence will 
determine the maximum RF power allowed to transmit. 

NOTE 2    Requirements on the display of SAR are given in 51.101.1 
 

 
* 51.104 Protection against exposure to static magnetic fields 

 
The static magnetic field of the MR  EQUIPMENT is the operating magnetic field strength. 

 

 
For the static magnetic field, the following operating mode limits as defined in 51.101 apply: 

 

a)   The  normal  operating  mode  comprises  values  of  the  static  magnetic  field  equal  or  lower 
than 2 T. 
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b)   The  first  level  controlled  operating  mode  comprises  values  of  the  static  magnetic  field 
higher than 2 T and equal or lower than 4 T. 

In view of the permanent character of the value of the static magnetic field, the concept of 
a  deliberate  action  of  the  operator  in  order  to  enter  the  first  level  controlled  operating 
mode is not required. All operator actions, information given to the patient and supervision 
of patients as described in 6.8.2 bb) shall be provided. 

c)   The second  level controlled  operating mode comprises  values  of  the static  magnetic  field 
higher than 4 T in the isocentre. 

 

 
51.105 Methods to demonstrate compliance with the requirements 

 

51.105.1 Direct determination of the limits of the GRADIENT OUTPUT 

 
W hen limits of GRADIENT  OUTPUT  are based on a direct determination study, the conduct of the 
study and the derivation of the threshold shall comply with this subclause. 

 

 
The study shall be a human volunteer study. The observed parameter shall be the threshold PNS. 

 
NOTE    Threshold PNS is defined in this standard as the onset of sensation. 

 
The  study  shall  have  a  clearly  defined  protocol,  including  a  period  of  training  of  the  human 
subjects  and  a  test  for  repeatability  of  the  experience.  Sample  size  shall  be  at  least  11. 
Representative  samples  shall  be  obtained  by  including  normal  healthy  adult  subjects  of  both 
sexes. 

 
To  cover  all  PATIENT  positions,  a  worst  case  position  shall  be  determined  for  one  EFFECTIVE 

STIMULUS   DURATION   and  one  volunteer,  by  stepwise  displacement  of  the  volunteer  in  the 
gradient system. 

 

 
To cover all waveforms, three options are allowed: 

 

a)   the threshold shall be recorded for all representative waveforms, 
 

b)   the  threshold  shall  be  recorded  for  sinusoid  or  trapezoid  waveforms  and  the  dependence 
of  threshold  on  waveform  for  other  waveforms  shall  be  inferred  from  a  suitably  validated 
model, or 

c)   for all waveforms the threshold shall assumed to be equal to that recorded for trapezoid or 
sinusoid waveforms. 

 

To cover the whole range of EFFECTIVE STIMULUS DURATIONS  allowed by the gradient system, at 
least  three  values  per  decade  shall  be  tested  up  to  the  maximum  clinically  relevant  range. 
Interpolation  between  results  may  be  used.  All  GRADIENT  UNITS  shall  be  tested  individually, 
and  when  no  stimulation  is  reached  at  maximum  GRADIENT  OUTPUT,  combinations  of  two  or 

three GRADIENT UNITS  shall be tested in which at least one unit is driven at maximum output. 

 
For  each  gradient  waveform  tested,  for  each  GRADIENT  UNIT   and  each  EFFECTIVE  STIMULUS 

DURATION,  the  mean  threshold  PNS  shall  be  derived  from  threshold  value  observed  per 
volunteer in the worst case position. 

 
Differences in threshold for the same waveform per GRADIENT  UNIT  observed in the study may 
be used as the basis for weight factors. 
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A report of the study of human subjects shall be made available for inspection upon request to 
any  test  facility  that  is  documenting  compliance  with  this  standard.  The  report  shall  also  be 
made available to any national regulatory authority in which the MR  EQUIPMENT  is commercially 
distributed upon request. 

 
This report shall state at minimum: 

 

– wave-form(s) and effective stimulus durations used; 

– parameter used to describe the gradient output; 
 

– worst case position of volunteers in the MR  EQUIPMENT; 

– relevant demographic characteristics of the volunteers; 
 

– number of volunteers; 

– study protocol; 
 

– mean stimulation thresholds observed; 

– directly determined stimulation thresholds claimed; 
 

– description of the model used to infer thresholds for waveforms that are not tested (if any); 

– weighting factors claimed. 
 

 
51.105.2 Determination of maximum GRADIENT OUTPUT 

 
Task of the compliance determination 

 

 
For  each  GRADIENT  UNIT   the  spatial  maximum  of  the  GRADIENT  OUTPUT   in  the  COMPLIANCE 

VOLUME shall be determined at MAXIMUM GRADIENT SLEW RATE, using either the waveform that is 
provided by the MR  EQUIPMENT  for clinical use, or a trapezoid or sinusoid waveform. 

 

 
This determination shall be either by calculation a) or by test b), as follows. 

 

a)   Compliance determination by calculation 

W hen  the  GRADIENT  OUTPUT  is  expressed  in dB/dt,  the  calculation  may  be  based  on  the 
geometry of the current windings of the gradient coils, using Biot-Savart’s law. 

When  the  GRADIENT   OUTPUT   is  expressed  in  E,  the  calculation  may  be  based  on  the 
geometry of the current windings of the gradient coils, using the magnetostatic expression 
for the magnetic vector potential A. The induced electric field E  is the negative of the time 
derivative  of  A  minus  the  gradient  of  the  electrostatic  potential  due  to  electric  charges. 
Gradient-induced  rheobase  electric  field  values  listed  in  Table  102  are  used  to  calculate 
L12 and L01. L12 and L01 are the highest magnitude electric field values found in or on a 
homogeneous  (conductivity  =  0,2  S/m)  simple  geometry  PATIENT   model,  for  example  a 
0,2 m radius cylinder  for  a whole  body  cylindrical bore  or  an ellipsoid for  a  head coil. The 
electric field is to be calculated using the formula 

 
 

 
where 

E  =  ∂A / ∂t   ∇Φ 

 

A is the magnetic vector potential due to currents in the gradient coils and 

Φ    is the electrostatic  potential due to electric charges (as further  described in section  15 
of the rationale). 
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Other  suitable  models  (such  as  inhomogeneous  models)  may  produce  different  electric 
field threshold values and may be used as alternatives if justified by the MANUFACTURER. 

The magnetic vector  potential  for straight  line segments  may be calculated in closed form 
and then summed (as vector components). 

Report of results: 
 

– dimensions of the COMPLIANCE VOLUME  and coordinates of its boundaries. 

Data is to be reported for each individual GRADIENT UNIT: 

– maximum gradient strength G+,max ; G-,max 

– value of the MAXIMUM GRADIENT SLEW RATE 

– value   of   the  ramp   time   occurring   when   switching   the  GRADIENT   UNIT   between   its 
maximum specified gradient strengths at maximum gradient slew rate (ms) 

– value of the gradient output (dB/dt or E) 

– coordinates of the location of maximum gradient output 

– details of the model for the inhomogeneous conductivity of the patient, when used. 
 

b) Compliance determination of the GRADIENT OUTPUT by test 

Test hardware: 
 

1)   SEARCH COIL  design 

SEARCH  COILS  shall  be  constructed  so  that  three  orthogonal  components  (Cartesian  or 
cylindrical) of the GRADIENT OUTPUT  may be measured. For example, three independent 
orthogonal  SEARCH  COIL  elements  may  be  constructed  about  a  common  centre.  This 
SEARCH   COIL   design   allows   measurement   of   each   independent   component   of   the 

GRADIENT OUTPUT  without requiring repositioning during the measurement procedure. 
 

Each  SEARCH  COIL   element  shall  be  circular  and  shall  be  small  with  respect  to  the 
GRA DI E NT  UNI T  under  test  to  ensure  accuracy.  The  S E A RCH  COI L  element  consists  of 
n  turns of wire wit h a ra dius of r . Th e axial lengt h of the coil sha ll b e less than 20 % 
of   its   dia met er.   The   S E A RCH   COI L   elements   shall   b e   no   more   t ha n   50 m m   in 
dia meter.  The  resp onse  of the SEARCH COIL  element shall be determined by calculation or 
measurement.  The  instantaneous  magnitude  of  the  component  of dB/dt  coaxial  with  the 
SEARCH COIL  element shall be determined from the peak voltage, Vcoil, induced in the coil by 
the time varying magnetic flux: 

 

dB  dt = 
 
Vcoil 

 

(nπ  ⋅ r 2 ) 

 
For example a typical SEARCH COIL  element would consist of 15 turns of copper wire of 
0,6 mm  diameter  on  a  form  of  50 mm  diameter  (r  =  25 mm)  resulting  in  a  circular  coil 
approximately 9 mm long. An induced voltage of 200 mV would then result in a dB/dt  = 
6,79 T/s coaxial with the SEARCH COIL. 

The  individual  SEARCH  COIL  elements  shall  each  be  provided  with  an  attenuator  unit 
that  shall  be  calibrated  to  provide  the  same  sensitivity  for  each  of  the  SEARCH  COIL 

elements. The signals of the individual SEARCH COIL  elements shall be fed in parallel to 
a  unit  of  which  the  output  is  the  square  root  of  the  sum  of  the  square  of  each  input. 
This unit shall present its output as a voltage, the SEARCH  COIL  voltage. The sensitivity 
factor relates the SEARCH COIL  voltage Vout  to dB/dt (T/s) as: 

Vout  = S dB/dt 
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The  minimum  sensitivity  of  0,01 V/T/s  is  recommended  to  measure  signal  amplitudes 
in regions of small dB/dt (in the range of 1 T/s). 

 

2)   SEARCH COIL  calibration 
 

A calibration of the SEARCH COIL  is needed to measure its sensitivity factor, S. 
 

3)   Voltage measurement device 
 

The  device  used  to  measure  voltage  induced  in  the  SEARCH  COIL  shall  have  a  high 
input  impedance and sufficient  bandwidth to prevent signal attenuation,  e.g.  a  storage 
oscilloscope. 

The  voltage-measuring  device  (storage  oscilloscope)  shall  be  placed  at  a  location 
where it is accurate and not affected by magnetic fields. 

 

The  SEARCH  COIL  voltage  shall  be  connected  to  the  voltage  measurement  device  by 
means of a high impedance cable; e.g. a twisted pair to avoid ringing on the waveform 
that  may  be  experienced  with  coaxial  cables.  SEARCH  COIL  outputs  may  be  connected 
to  the  oscilloscope  by  means  of  an  analog  filtering  device,  to  maximally  attenuate 
switching   frequency   components,   for   gradient   amplifiers   utilizing   switching   power 
supplies. 

4)   Positioning device 
 

A  means  shall be  provided  for  positioning and aligning the  SEARCH  COIL  in  the  magnet 
in a stable and reproducible manner. The device shall permit positioning of the SEARCH 

COIL  throughout the COMPLIANCE VOLUME. 
 

Measurements: 

Measurements  are  made  within  the  COMPLIANCE  VOLUME  for  each  single  GRADIENT  UNIT,  using 
either  the  waveform  that  is  provided  by  the  MR  EQUIPMENT   for  clinical  use  or  sinusoid  or 
trapezoid gradient waveforms. 

 

1) Turn  off  or  maximally  attenuate  the  radio  frequency  (RF)  transmitter  to  prevent  inter- 
ference. 

 

2) Turn off all GRADIENT UNITS  other then the GRADIENT UNIT  under test. 

3) Drive the GRADIENT UNIT  at the MAXIMUM GRADIENT SLEW RATE  with a repetitive wave-form. 
 

4) Move  the  SEARCH  COIL  within  the  COMPLIANCE  VOLUME  to  the  location  where  its  voltage  is 
maximal. 

5) Measure the peak value Vout  of the SEARCH COIL  voltage at this location. 

6) The magnitude of the GRADIENT OUTPUT  shall be determined as dB/dt = Vout /S. 
 

 
Report of results 

Parameter, general: Dimension 
 

–  dimensions of the compliance volume and coordinates of its boundaries m 

–  value of the MAXIMUM GRADIENT SLEW RATE per GRADIENT UNIT mT/m/ms 
 

Data reported for each individual GRADIENT UNIT: 
 

–  maximum gradient strength G+,max , G-, max mT/m 

–  value of the ramp time occurring when switching the GRADIENT UNIT  between 
its maximum specified gradient strengths at MAXIMUM GRADIENT SLEW RATE ms 

 

–  coordinates of the location of maximum GRADIENT OUTPUT m 

–  value of the GRADIENT OUTPUT  dB/dt T/s 
 
 
 
 
 

L
ic

e
n

s
e

d
 t

o
 S

T
A

N
D

A
R

D
S

 M
A

L
A

Y
S

IA
 /

 S
in

g
le

 u
s
e

r 
lic

e
n

s
e

 o
n

ly
, 

c
o

p
y
in

g
 a

n
d

 n
e

tw
o

rk
in

g
 p

ro
h

ib
it
e

d



© STANDARDS MALAYSIA 2009 – All rights reserved 

 77 MS IEC 60601-2-33:2009 
 
 

51.105.3 Determination of radio frequency energy deposition 
 

51.105.3.1 Temperature 
 

The  temperature  limits  specified  in  51.103.1  may  be  used  to  derive  equivalent  limits  for  the 
operating parameters of the MR  EQUIPMENT. This determination shall employ experimental data 
or numerical methods (e.g. finite element methods). 

 
51.105.3.2 Determination of SAR 

 
The W HOLE BODY SAR shall be determined by measurement of the absorbed RF power and the 
PATIENT  mass  based  on  OPERATOR  input  or  other  suitable  means.  The  absorbed  RF  power 
determined  by  the  MR  EQUIPMENT  shall  be  tested  by  measurement  using  one  of  the  methods 
specified below or an equivalent. 

 

 
The  PARTIAL  BODY  SAR  shall  be  determined  from  the  W HOLE  BODY  SAR  by  applying  properly 
validated and sufficiently robust theoretical or empirical models relating the PARTIAL BODY SAR 
to  the  dimension  of  the  VOLUME  RF  TRANSMIT  COIL,  PATIENT  mass  and  size  and  the  PATIENT 

position.  A suitable model to determine the exposed  PATIENT  mass for  example is  to simulate 
the PATIENT´s body by a variety of  homogeneous  cylinders. The distribution of  the LOCAL  SAR 
may be determined by theoretical models or by experiment. 

 
The  applied  model  in  case  of  PARTIAL   BODY   SAR  and  LOCAL   SAR  shall  be  validated  by 
comparing   values   derived   from   the   model   with   those   figures   directly   accessible   for 
measurement (for example: the temperature distribution in a phantom). 

 
Compliance   shall   be   determined   by   inspection   of   measurements   that   verify   the   SAR 
determination  over  the entire range  of  power  levels  the MR  EQUIPMENT  is  capable  of,  assuring 
a safe operation given by the specified SAR limits. 

 
Acceptable  methods  to  determine  the  absorbed  RF  power  employed  are  known  as  "pulse 
energy method" and "calorimetric method". 

 

Pulse-energy method 

a)   Auxiliary definitions: 
 

tip angle Angle through which macroscopic magnetisation vector is moved by a 
radio frequency pulse. 

 

Pforward 2 Forward  peak  radio  frequency  power  going  into  the  terminals  of  the 
RF transmit coil when loaded with test object 2. 

 

Preflected 2 Peak  radio  frequency  power  reflected  from  the  terminals  of  the  RF 
transmit coil when loaded with test object 2. 

 

Pother 2 Peak  radio  frequency  power  absorbed  or  dissipated  elsewhere  in  the 
MR  EQUIPMENT when the coil is loaded with test object 2. For example, 
in  a  quadrature  system  fed  by  a  four-port  splitter,  this  is  the  peak 
radio frequency power delivered to the dummy load. 

 

Pobject Net peak radio frequency power delivered to test object 2. 
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Pcoil Net  peak  radio  frequency  power  absorbed  by  the  RF  transmit  coil for 

the tip angle specified. 
 

Pforward 1 Forward  peak  radio  frequency  power  going  into  the  terminals  of  the 
RF transmit coil when loaded with test object 1. 

 

Preflected 1 Peak  radio  frequency  power  reflected  from  the  terminals  of  the  RF 
transmit coil when loaded with test object 1. 

 

Pother 1 Peak  radio  frequency  power  absorbed  or  dissipated  elsewhere  in  the 
MR  EQUIPMENT   when  the  RF  transmit  coil  is  nearly  unloaded.  For 
example, in a quadrature system fed by a four-port splitter, this is the 
peak power delivered to the dummy load when the RF transmit coil is 
loaded with test object 1. 

 

B1 Magnetic  induction  of  the  radio  frequency  magnetic  field  used  in 
MAGNETIC RESONANCE  imaging and spectroscopy. 

 
b) Test hardware 

 

Test object 1 
 

Test  object  1  shall  be  the  test  object  used  during  the  calibration  of  tip  angles  and  during  the 
determination  of  RF transmit coil losses  with the  pulse-energy method. Test object 1 shall be 
filled with a material which can be imaged by the MR  EQUIPMENT,  but  whose conductivity shall 
be  less  than  0,003  S/m.  This  ensures  that  the  radio  frequency  losses  of  the  object  are 
negligible,  thus  permitting  the  measurement  of  coil  losses  while  contributing  little  to  system 
losses.  Test  object  1 shall be physically  small and compact  in shape.  The  test  object  volume 
shall  be  less  than  250  ml.  The  longest  dimension  of  the  test  object  shall  be  not  more  than 
three times the shortest dimension. 

 

Test object 2 
 

Test  object  2 shall  be the test object  whose  SAR  shall be determined using the pulse-energy 
method. This test object should have coil loading characteristics similar to PATIENT  loading. 

 
For WHOLE  BODY  SAR the PATIENT  mass and for HEAD SAR the head mass can be assigned as 
the equivalent mass of this phantom. 

 

c)   Measurement procedure 
 

The following test procedure or the equivalent shall be used 

1) Test arrangements 
 

Peak radio frequency power measurements shall be made with the use of an oscilloscope 
whose bandwidth exceeds the desired frequency by a factor of 5 or more and either dual 
directional couplers, whose directivity exceeds 30 dB, or attenuators. 

 

Connect  the  directional  coupler,  oscilloscope,  and  other  power  measurement  equipment 

with  50  Ω  coaxial  transmissions  lines  as  shown  in  figure  105  or  figure  106.  Ensure  that 

the  oscilloscope  input  is  terminated  in  a  50  Ω  impedance.  The  oscilloscope  shall  be 
placed at a location where it is accurate and not affected by magnetic fields. 
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RF power 
amplifier 

Dual 
directional 
coupler 

Transmission line  
Quadrature 
RF splitter 

 
RF coil 

 
Dummy load port 

 
 
 
 
 

Pforward 
 

 
 

 
Oscilloscope 

Preflected 
 

Pother 

 
 
 
IEC   1133/02 

 

 
NOTE    Not shown is the 50 Ω  termination on the oscilloscope. 

 

Figure 105 – Hardware set-up for pulse-energy method for the 
measurement of SAR with a quadrature RF transmit coil 

 
 
 

RF power 
amplifier 

Dual 
directional 

coupler 

Transmission line  
RF coil 

 
 
 
 
 
 
 
 
 

 
 

Oscilloscope 

Pforward 

Preflected 

 
 
 
 
IEC   1134/02 

 

 
NOTE    Not shown are the 50 Ω  termination on the oscilloscope. 

 

Figure 106 – Hardware set-up for pulse-energy method for the measurement 
of SAR with a linear RF transmit coil 

 

2)  Measurement procedure 

Step 1: position test object 1 in the MR  EQUIPMENT  at isocentre.  

Step 2: calibrate   the   tip   angle.   The   standard   method   (hardware   and/or software)

employed  by  each  MANUFACTURER   shall  be  used  to  set  the  tip  angle  to  the 
desired value for the type of scan selected. The same tip angle shall be used for 
test object 1 and test object 2 power measurements. 

Step 3:   start the scan sequence chosen for the SAR measurement. Ensure that the scan 
time is long enough to allow the completion of the desired measurements, or set 
the scanner to repeat the pulse sequence indefinitely. 

 
 
 
 
 
 
 

L
ic

e
n

s
e

d
 t

o
 S

T
A

N
D

A
R

D
S

 M
A

L
A

Y
S

IA
 /

 S
in

g
le

 u
s
e

r 
lic

e
n

s
e

 o
n

ly
, 

c
o

p
y
in

g
 a

n
d

 n
e

tw
o

rk
in

g
 p

ro
h

ib
it
e

d



 

© STANDARDS MALAYSIA 2009 – All rights reserved 

 83 MS IEC 60601-2-33:2009 
 

 
Step 4:   measure the peak-to-peak radio frequency envelope voltages (forward, reflected, 

and  other)  for  each  radio  frequency  pulse  in  the  sequence,  or  use  other  means 
to  measure  the  instantaneous,  radio  frequency  peak  power  levels   (forward, 
reflected, and other if applicable). 

 

Step 5:   measure the power attenuation of the transmission line between the RF transmit 
coil and the coupler and the transmission line between the dummy load port and 
the oscilloscope. 

 

Step 6:   convert  the  peak-to-peak  voltage  measurements  into  the  effective  power  at  the 
pulse peak. The effective power at pulse peak measured at the oscilloscope is 

 

Vpp 
2   

8  Z 0 

 

where 

Vpp is the measured peak-to-peak voltage; 
 

Z0 is the characteristic impedance of the transmission line (and also the input 

impedance of the oscilloscope). 

The   calculated   peak   power   at   the   oscilloscope   shall   be   converted   into   peak   power 
referenced  to  the  input  terminals  of  the  RF  transmit  coil  by  considering  transmission  line 
attenuation and directional coupler coupling constants. 

For a quadrature RF transmit coil: 

Pforward  = Pfm   a1 / a3 

Preflected  = Prm  /( a2  a3  ) 

Pother  = Pom  / a4 

where 
 

Pfm is the forward power measured at the terminals of the oscilloscope; 

Prm is the reflected power measured at the terminals of the oscilloscope; 

Pom is the "other" power measured at the terminals of the oscilloscope; 

a1 is   the   fractional   power   attenuation   (not   in dB)   of   the   forward   power 
coupler; 

a2 is   the   fractional   power   attenuation   (not   in dB)   of   the   reflected   power 
coupler; 

 

a3 is  the  fractional  power  attenuation  (not  in dB)  of  the  transmission  line 
between the body coil and the coupler; 

a4 is  the  attenuat ion  bet w een  t he  dummy  load  port  and  the  oscilloscope 
(= 0 f or linear RF transmit coils). 

 

For  unmatched  linear  RF  transmit  coils  the  transmission  line  attenuation  increases  with 
the mismatch: 

 

a = a0  (R 2 + 1) / 2R 

where 
 

a is the resultant attenuation; 
 

a0 is the attenuation under matched conditions; 

R is the voltage standing wave ratio. 
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Calculate the peak power absorbed by the unloaded coil: 

Pcoil = Pforward 1  Preflected 1  Pother 1 

Note that Pforward 1, Preflected 1  and Pother  1  are from the experiment using test object 1. 

After   initial  measurements   are  made  on  test   object   1,  they   are  repeated  using  test 
object 2. 

Remove  test  object  1  from  the  coil,  place  test  object  2  in  the  scanner  at  isocentre,  and 
repeat  steps  4  and  6.  The  same  tip  angle  shall  be  used  for  test  object  2  as  was  used  for 
test object 1. 

Calculate the peak power absorbed in test object 2, Pobject: 
 

Pobject  = Pforward 2   Preflected 2   Pother 2   Pcoil 

 
Note  that  Pforward  2,  Preflected  2,  and  Pother  2  are  all  obtained  from  the  measurements  on 
test object 2, while Pcoil  is obtained from calculations using test object 1. 

 

Calculate  the  energy  per  pulse  absorbed  by  the  object:  integrate  each  of  the  radio 
frequency  waveforms  in  the  pulse  sequence  and  find  the  pulse  duration  of  equivalent  (in 
energy) rectangular pulses which have the same peak power levels as the pulse sequence 
being evaluated. This step shall be repeated for each type of radio frequency pulse in the 
pulse  sequence  (e.g.  90°  pulses  as  well  as  180°  pulses).  The  equivalent  rectangular 
pulses shall result in both the same peak power and in the same energy deposition as the 
pulse  being  evaluated.  The  pulse  duration,  Wrectangle  shall  be  calculated  from  the  radio 
frequency pulse wave-form, B1(t) normalised to its peak value B1peak  as follows: 

 

2
 

 
Wrectangular 

 ∫ Bt (t )   dt 

B1peak 
2

 
 

For   example,   a   sinc   (or   sinθ/ θ)   pulse   is   approximately   equivalent   in   energy   t o   a 
rectangular  pulse  with  t he  same  peak  pow er  and  half  t he  w idth  of  the  main  lobe  of  t he 
sinc pulse. 

Calculate the energy per pulse, Ui , as: 

Ui = Pobject  Wrectangle 

Calculate the total average power, Pave, absorbed by the object 
with   respect   to   the   measurement   duration   time.   The   total 
average  power  for  sequences  with  well-defined  pulse  repetition 
times  (TR)  is  the  sum  of  all  the  energies  in  all  the  pulses  per 
repetition divided by TR: 

∑U i 

Pave  =    i   
TR 

For   sequences   where   TR   is   undefined   (such   as   single-shot 
sequences),  the  total  average  power  shall  be  calculated  from 
the sum of all energies in all pulses used in the scan divided by 
the total scan time, S: 

∑ U i 

Pave 
 
 
 
 
 
 

=     i   
S 
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Calculate the SAR for test object 2, whose equivalent mass is M: 

SAR  Pave   

M 
d)   Report of results, pulse energy method 

The following data shall be recorded: 
 

1)   Types of RF transmit coils used in the test 

2)   Measured values of SAR for each object and pulse sequence used 
 

Parameter Dimension 

– Peak forward power W

– Peak reflected power W

– Peak coil loss power W

– Other peak power lost W

– Radio frequency wave form –

– Tip angle(s) degree

– Equivalent rectangular pulse duration (Wrectangle) ms

– TR or S ms

– Any other parameters required to ensure repeatability  

– Calculated absorbed RF power (Pave) W

– Mass of test object 2 kg

– Measured SAR W/kg

– Displayed SAR (controlled by the MR  EQUIPMENT) W/kg

– Accuracy of power measurement % (or dB)

3) Displayed SAR controlled by the MR  EQUIPMENT  ≥ measured SAR (y/n)

 
Calorimetric method 

 

e)   Test hardware 

Test object 1 
 

Test  object  1  shall  be  the  test  object  used  during  the  calibration  of  tip  angles  and  during 
the  determination  of  RF  transmit  coil  losses  with  the  pulse-energy  method.  Test  object  1 
shall  be  filled  with  a  material  which  can  be  imaged  by  the  MR  EQUIPMENT,  but  whose 
conductivity shall be  less  than 0,003  S/m. This ensures  that  the radio frequency  losses of 
the object are negligible, thus permitting the measurement of coil losses while contributing 
little  to  system  losses.  Test  object  1  shall  be  physically  small  and  compact  in  shape.  The 
test object volume shall be less than 250 ml. The longest dimension of the test object shall 
be not more than three times the shortest dimension. 

 

Test object 3 

Test  object  3  shall  be  the  annular  test  object  whose  SAR  shall  be  determined  using  the 
calorimetric  method.  This  test  object  should  have  coil  loading  characteristics  similar  to 
PATIENT   loading.  For  the  WHOLE   BODY   SAR  determination,  the  test  object  should  have 
loading  equivalent  to  a  human  in  the  range  of  50-90 kg.  For  the  HEAD  SAR  determination, 
this  test  object  should  have  loading  characteristics  similar  to  the  head  of  a  PATIENT  within 
a  HEAD  RF TRANSMIT  COIL. In  the  first case,  the  PATIENT  mass,  and  in  the  second case the 
head mass can be assigned to the phantom (equivalent mass of phantom, Mequivalent). The 
annulus shall be wide enough to receive test object 1. 
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NO TE    For  exam ple  t he  phant om  its e lf  m a y  be  f il l ed  wi t h  an  aqu eous  s odium  c h loride  s o lut i on  whos e 
c onc ent rat i on  is  adjus t ed  t o  yi eld  a  c onduc t i vit y  wh ic h  pr oduc es  t he  loading  s pec if ied  above.  The  f il l ing 
s o l u t i on   m a y   al s o   c o nt ai n   a   dopi ng   m a t e ri al   s uc h   as   m anganes e   c h l o ri de   t o   s hort en   t he   rel a xa t i on  
propert i es  of  t he  s o l u t i on  t o  render  i t  i n vi s i bl e  i n  MAGNETIC  RESONANCE  i m ages .  The  t ot a l  vol um e  of  t h e 
t e st  obj ect  m a y  be  l ess  t han  25  l ,  t he  t es t  obj ec t  i s  c om ple t e l y  l o c a t ed  wi t h i n  t he  eff e cti ve  RF  f i el d  of  t h e 

RF  tr a n smit co i l  ( i.e .,  g e om etr ica l  le n gth  o f  th e test  o b j e ct  <  e ffective  co il  le n gth ) . 
 

Annular  test  object  thermal  properties  shall  be  sufficient  to  maintain  a  2 °C  temperature 
rise over ambient temperature (in the filler material) to within 5 % for 1 h. 

Temperature measurement 

A  temperature  measurement  system  accurate  to  within  0,1 °C  over  the  range  of  15 °C  to 
45 °C shall be provided. The system will be used to make initial and final measurements of 
temperature.  It  is  necessary  for  the  system  to  be  immune  to  radio  frequency  interference 
from  an MR  EQUIPMENT  and  to  temperature  artefacts  induced  by  the  static  magnetic  field. 
Acceptable  examples  are  fibre-optic  temperature  sensors,  thermistor-based  temperature 
sensors, and thermocouple temperature sensors. 

 
f) Test arrangement 

 

Place  the  temperature  measurement  hardware  in  a  location  where  its  accuracy  is  not 
compromised by the static magnetic field or by the radio frequency interference. 

Position test object 3 at isocentre in the RF transmit coil before the scan. 

The  number  of  acquisitions  for  the  scan  shall  be  adjusted  to  yield  a  s can  sufficiently 
long  to  create  a  temper ature  rise  at  least  20  times  greater  than  the  er ror  of  the  tempe- 
rature  measurement  system.  For  an  aqueous  s olut ion,  an  exposure  of  one  hour t o  an 
SAR  of  1 W /kg  will  res ult  in  an  average  temperature  r ise  of  0, 86 °C  (0,0143 °C/ min), 
assuming no t hermal losses. Higher t emperature  rises may be measured  to more signi- 
ficant  places  t han  small  temperature  rises.  H owever,  higher  t emperat ures  rises  may 
increase heat loss error s. 

 
g)   SAR measurement procedure 

Step 1: equilibrate test object 3 in the magnet bore with air flow turned off. 

Step 2: measure  the  initial  temperature  of  the  bore  of  the  MR  EQUIPMENT  and  the  initial 
temperature of the scan room. 

 

Step 3: remove  the  test  object  from  the  bore  and  invert  three  times  to  stir  the  filler 
material. 

Step 4: measure the  initial  temperature,  Ti,  of  the  test  object  by  inserting  a  temperature 
sensor  into the filler  material. The  initial  bore temperature should not differ from 
Ti  by more than 1 °C. 

Step 5: quickly replace  the test  object 3  in  the MR  EQUIPMENT  at isocentre  and  place test 
object 1 centrally within it. 

Step 6: calibrate   the   tip   angle.   The   standard   methods   (hardware   and/or   software) 
employed  by  each  MANUFACTURER   shall  be  used  to  set  the  tip  angle  to  the 
desired value for the type of scan selected. 

Step 7: scan  with  enough  acquisitions  to  ensure  the  desired  measurement  (see  item  f) 
above). 

 

Remove  the  test  object  from  the  bore  and  measure  the  final  temperature,  Tf,  of  the  filler 
solution of test object 3 after inverting the test object three times. 

If  Tf    Ti  <  2 °C,  the  experiment  can  be  continued  by  replacing  the  test  object  in  the  bore 
and  restarting  the  scan.  The  measurement  delay  time  shall  be  subtracted  from  the total 
time. 
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Measure  the  final  bore  and  the  final  scan  room  temperatures.  If  the  scan  room  tempe- 
ratures or bore temperature changes by more than 0,5 °C/h then the experiment should be 
repeated under more stable conditions. 

 

Calculate  the  energy,  U  (in  J),  absorbed  by  the  test  object  3  in  terms  of  the  mass,  M,  of 
the filler (in kg) and of the specific heat, c, of the filler fluid (in J/kg °C): 

U = M  c (Tf  - Ti) 
 

Calculate the average absorbed power P (in W) during the scan time t (in s): 
 

P = U / t 
 

Calculate the SAR of the test object filler material from: 
 

SAR  =  P  M 
 

Calculate the apparent SAR, SARapp  using: 
 

SARap

p 

=  P  M equivalent 

where Mequivalent   is  the  mass  of  a  PATIENT   which  is  simulated  by  test  object  3  (e.g., 
verified by comparison of the respective coil quality factor). 

 

h) Report of results, calorimetric method  

 Parameter Dimension

 –   Initial test object 3 temperature °C

 –   Final test object 3 temperature °C

 –   Initial bore temperature °C

 –   Final bore temperature °C

 –   Initial scan room temperature °C

 –   Final scan room temperature °C

 –   Test object 3 mass kg

 –   Test object 3 equivalent mass (Meq uivalent) kg

 –   Test object 3 volume l

 –   Test object 3 dimensions m

 –   Radio frequency wave form description –

 –   Tip angle employed in study degree

 –   Repetition time (TR) ms

 –   Echo time (TE) ms

 –   Number of slices –

 –   Number of echoes –

 –   Total scan time s

 –   Any other parameters required to ensure repeatability  

 –   SARapp W/kg

 –   Displayed SAR by the MR  EQUIPMENT W/kg

 –    The location of the temperature site during the measurement  

 –   Displayed SAR controlled by the MR  EQUIPMENT≥ SARapp (y/n)
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SECTION NINE: ABNORMAL OPERATION AND FAULT CONDITIONS; 

ENVIRONMENTAL TESTS 
 

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

 
 

52 Abnormal operation and fault conditions 

 
52.1 Addition: 

 
The  safety  of  MR  EQUIPMENT  shall  be  assessed  against  the  requirements  of  clause  52  in  the 
Collateral Standard IEC 60601-1-4. 

 
All relevant information regarding residual risk shall be included in the INSTRUCTIONS  FOR USE. 
Compliance is checked by inspection of the INSTRUCTIONS FOR USE  and the IEC 60601-1-4 risk 

management file. 

 
Software  and  firmware  control  programmes  shall  be  secured  against  unauthorised  access  or 
modification. 

 
NOTE    Unaut horis ed  c hanges  t o  s o ft wa re  or  f i rm wa re  m a y  c r eat e  hazardous  c ondi t i ons  and  m a y  m a k e  t he 
MR  EQUIPMENT  non-c o m p li ant  wi t h  t he  requi rem ents  of  t hi s S t andard. 

 

 
 
 

SECTION TEN: CONSTRUCTIONAL REQUIREMENTS 
 

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

 
 

59 Construction and layout 
 

 
The clause of the General Standard applies except as follows: 

 
Addition: 

 
59.101 Liquid cryogen and cryogen gases 

 
For MR  EQUIPMENT  that  is  equipped  with  a  superconducting  magnet,  means  shall  be  provided 
to monitor the cryogen level(s). 

 
Requirements  on  the  provision  in  the  INSTRUCTIONS  FOR  USE  of  information  concerning  liquid 
cryogen and cryogenic gases are given in 6.8.2. ff). 
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The appendices of the General Standard apply except as follows: 
 

Appendix L 

 
References – Publications mentioned in this standard 

 
 

 
Replacement: 

 
IEC 60601-1-2:2001, Medical electrical equipment – Part 1-2: General requirements for safety – 
Collateral standard: Electromagnetic compatibility – Requirements and tests 

 
Addition: 

 

 
IEC 60651:1979, Sound level meters 
Amendment 1 (1993) 
Amendment 2 (2000) 

 
IEC 60788:1984, Medical radiology – Terminology 

 

 
IEC 60804:2000, Integrating-averaging sound level meters 

 

 
ISO   3846:1989,   Liquid   flow   measurement   in   open   channels   by   weirs   and   flumes   – 
Rectangular broad-crested weirs 

 

 
ISO 3864: Safety colours and safety signs 

 
ISO  1999:1990,  Acoustics  –  Determination  of  occupational  noise  exposure  and  estimation  of 
noise-induced hearing impairment 

 
ISO 7731:1986, Danger signals for work places – Auditory danger signals 
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Annex AA 
(informative) 

 
Examples of warning signs and prohibitive signs1 

 

 
 
 
 
 
 

Warning sign 
 

W arning, risk of strong magnetic 

field 
 
 
 
 
 
 
 

Warning sign 
 

W arning, risk of non-ionizing 
radiation 

 

 
 
 
 
 
 

Prohibition sign 
 

No access for person with 
pacemaker 

 
 
 
 
 
 
 

Prohibition sign 
 

No access for person with metal 

implants 
 

 
 
 
 
 
 

Prohibition sign 
 

No access with metallic pieces or 
watches 

 
 
 
 
 
 
 

1 The colour and basic form of these warning and prohibitive signs have been taken from 8.3 and 8.1 of ISO 3864. 
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Annex BB 
(informative) 

 
Guidance and rationale for particular subclauses 

 
 

 
Concerning 2.12.101 MAGNETIC RESONANCE  (MR) 

 

 
The  phenomenon  of  MR  occurs  when  the  frequency  of  electro-magnetic  radiation  equals  the 
Larmor precession frequency of the nuclear or electron magnetic moments. 

 
Concerning 2.12.103 MEDICAL SUPERVISION 

 

 
MEDICAL SUPERVISION  requires a positive assessment by a qualified medical practitioner of the 
risk   versus   benefit  for   a  particular   scan,   or   a  decision  by  a  qualified  surrogate  of   the 
practitioner  that  the  PATIENT   satisfies  a  set  of  objective  criteria,  formulated  by  a  qualified 
medical practitioner, for the parameters of the scan and the condition of the PATIENT. MEDICAL 

SUPERVISION  may entail physiological monitoring of the PATIENT  by means of devices designed 
to measure or assess various physiological states (e.g. heart rate, ECG trace, blood pressure, 
pulse oximetry; but see cautions in 6.8.2 bb)). 

 
Concerning 2.101.1 SPECIFIC ABSORBSION RATE (SAR) 

 

 
The  SAR  is  a  function  of  the  frequency  (increasing  approximately  as  the  square  of  the 
frequency), the type and number of radio frequency pulses, the duration and repetition rate of 
pulses  and  the  type  of  coil  used  for  transmission.  The  important  biological  factors  are: 
conductivity  of  tissue,  specific  gravity  of  the  tissue,  anatomical  region  examined,  tissue  type 
(e.g. the degree of perfusion) and mass of the PATIENT. 

Concerning 6.8 ACCOMPANYING DOCUMENTS 

In  addition  to  the  usual  requirements  for  an  appropriate  foundation  and  structure,  the effects 
of the surrounding structure on magnetic field uniformity and the effects of the magnetic fringe 
fields  on  other  EQUIPMENT   shall  be  considered.  Metallic  objects  near  the magnet  may  be 
strongly  attracted  and/or  exposed  to  a  strong  torque  by  the  static  magnetic  field  of  the 
MR  EQUIPMENT, even if they are in or on the body of the PATIENT. 

 
The  radio  frequency  (RF)  signals  from  the  MR  EQUIPMENT  may  affect  EQUIPMENT  in  adjacent 
facilities and  electronic devices  worn by PATIENTS,  OPERATORS  and other human beings in the 
MAGNETIC RESONANCE  facility or nearby areas. 

 
Concerning 6.8.2 INSTRUCTIONS FOR USE 

 

 
The  INSTRUCTIONS  FOR  USE  of MR  EQUIPMENT,  complying  with  this  standard,  play  an  important 
role in providing the necessary information to the USER. 

 
Regarding the safety of PATIENTS, these documents should contain specific information on the 
content  of  programmes  for  pre-screening  of  PATIENTS,  MEDICAL  SUPERVISION   of  PATIENTS   in 
cases   of   use   of   the   MR  EQUIPMENT    in   controlled   modes   of   operation   and   emergency 
procedures. 
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W ith regard to the safety of staff, the same documents should contain specific information on 
the  handling  of  electronic  equipment  and/or  metallic  objects  in  the  CONTROLLED  ACCESS  AREA 

and the use of cryogen in case a superconducting magnet is used. 

 
Concerning 6.8.2 aa) Pre-screening prior to a MR EXAMINATION 

 

 
A MR  EXAMINATION  is  usually considered  to  be  contra-indicated  [1]2  [2]  for  PATIENTS  who  have 
metallic  implants  or  electrically,  magnetically or  mechanically activated  implants  (e.g.  cardiac 
pacemakers), because the magnetic and electromagnetic fields produced by the 
MR  EQUIPMENT  may  produce  strong  attraction  and/or  torque  to  the  metallic  implant  or  may 
interfere with the operation of these devices. 

 
This  applies  also  to  PATIENTS  who  rely on  electrically,  magnetically or  mechanically  activated 
external life support systems. 

 
Scanning PATIENTS  with intracranial aneurysm clips is contra-indicated unless the physician is 
certain that the clip is not magnetically active. 

 
Examination  by MR  EQUIPMENT,  in  terms  of  PATIENT  pre-screening,  requires  particular  caution 
in the following cases: 

 

– PATIENTS  with implanted surgical clips (haemostatic clips) or other ferromagnetic materials 
(which the magnetic field may dislodge); 

– PATIENTS  engaged  in  occupations  or  activities  which may cause  accidental implantation  of 
ferromagnetic   materials,   or   who   may   have   imbedded   metal   fragments   from   military 
activities; 

 

– PATIENTS  with  permanent  (tattoo)  eye-liner  or  with  facial  make-up  (because  severe  eyelid 
irritation has been reported); 

– PATIENTS   with  compromised  thermoregulatory  systems  (e.g.  neonates,  low-birth-weight 
infants, certain cancer PATIENTS); 

– PATIENTS  with  metal  implants,  because  these  may  cause  artefacts  in  diagnostic  images 
due to magnetic field distortion; 

 

– PATIENTS  with implanted prosthetic heart valves; 

– PATIENTS   who  are  pregnant,  because  the  safety  of  the  MR   EXAMINATION   has  not  been 
completely  established  for  embryos  or  foetuses.  Qualified  medical  practitioners  should 
determine (after considering alternatives) if the clinical value of the examination outweighs 
the risks. 

 

Concerning 6.8.2 bb) MEDICAL SUPERVISION  of P ATIENTS 
 

 
In  terms  of  the  potential  need  for  MEDICAL  SUPERVISION  of  the  PATIENT,  particular  caution  is 
required in performing MR EXAMINATIONS for the following cases: 

 

– PATIENTS  with a greater than normal potential for cardiac arrest; 

– PATIENTS  who are likely to develop seizures, or claustrophobic reactions; 

– decompensated  cardiac  PATIENTS,  febrile  PATIENTS,  and  PATIENTS  with  impaired  ability  to 
perspire; 

 

– PATIENTS  who  are  unconscious,  heavily  sedated,  or  confused,  and  with  whom  no  reliable 
communication can be maintained; 

 
 

 

 

 

 

2   Figures in brackets refer to the bibliography. 
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– babies and small infants who cannot be expected to use the audio communication channel 

provided with the MR  EQUIPMENT; 

– examinations  which  are  carried  out  at  room  temperature  above  24 °C  or  relative  humidity 
above 60 %. 

 

Concerning 6.8.2 cc) Emergency medical procedures 
 

 
Attention  should  be  paid  to  safety  considerations  related  to  the  emergency  procedures  that 
could  be  necessary  for  particular  PATIENT   conditions.  Though  this  is  a  subject  that  is  the 
responsibility of the USER, it may be helpful if the MANUFACTURER  gives advice on this matter: 

 

– a  recommendation  that  there  should  be  established  a  procedure  for  removing  PATIENTS 

rapidly from the magnet's influence (if necessary, by shutting down the magnet) in case of 
an emergency; 

 

– a  recommendation  to  the  USER  to  establish  an  appropriate  plan  for  treating,  outside  the 
magnet's  influence,  a  PATIENT  who  requires  emergency assistance  (because  the  safe  and 
effective use of electronic or other metallic emergency equipment may be impossible near 
the magnet). 

 
Communication with the PATIENT  or monitoring of an anaesthetised PATIENT  should be assured 
throughout the MR EXAMINATION. 

 
Certain PATIENTS  may sustain claustrophobic reactions which should be discussed before a MR 

EXAMINATION is undertaken. 

 
Concerning 6.8.2 dd) Excessive acoustic noise 

 

 
Standards  to  protect  against  hearing  loss  are  based  on  the  risk  for  permanent  noise-induced 
hearing   loss   caused   by   long   term   occupational   exposure.   The   widely   accepted   limit   is 
90 dB(A),  averaged  over  8  hours  per  day.  For  exposures  shorter  than  8  hours  per  day,  the 
limit  can  be  increased  with  3 dB  per  factor  2  less  duration.  In  addition  it  is  ruled  in  some 
countries that at daily exposure levels above 85 dB(A) appropriate measures should be taken 
[3, 4]. This standard requires that the INSTRUCTIONS FOR USE  point to the need to apply hearing 
protection  to  the  PATIENT  when  the MR  EQUIPMENT  is  capable  of  producing  intense  noise.  The 
noise  level  above  which  this  requirement  applies  is  derived  from  the  number  of  85 dB(A) 
stated  above.  Corrections  used  are:  +9 dB,  applied  because  the  exposure  duration  is  1  hour 
only;  +5 dB,  applied  because  the  exposure  is  given  only  once  instead  of  daily.  The  second 
correction  can  be  compared  to  a  remark  of  Kryter  [5],  who  states  that  it  is  reasonable  to 
assume  that  permanent  shift  of  the  acoustic  threshold  in  occupationally  exposed  persons  is 
proportional  to  the  total  noise  energy present  over  the  entire  career.  In  total,  the  level  above 

which hearing protection is required for the PATIENT  is: 

 
85 dB(A) + 9 dB + 5 dB = 99 dB(A) 

 

 
The  requirement  is  important  because  modern MR  EQUIPMENT  can  produce  noise  levels  to  the 
PATIENT  that  are  much  higher  than  99 dB(A).  Mc  Jury  et  al.  [6]  recently  report  levels  up  to 

115 dB(A).  The  MR  EQUIPMENT   may  produce  a  noise  spectrum  with  a  broad  band  centred 
around  1  kHz  [7].  However,  the  design  of  strong  GRADIENT  UNITS  in  new  MR  EQUIPMENT  may 
lead  to  higher  noise  levels  as  well as  higher centre frequencies  [8] (see  also clause  26). The 
noise  attenuation  from  the  use  of  properly  applied  hearing  protection  (ear  cuffs  or  earplugs) 
usually  ranges  from  25 dB  –  30 dB  at  2  kHz.  Accidental  sub-optimal  use  or  omission  of 
hearing protection is not an acute safety problem for most PATIENTS  [9]. Their typical exposure 
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duration  will be much below 1 hour and  the typical noise level in most scans is much (5 dB – 
10 dB)  below  the  maximum  value  of  which  the  MR  EQUIPMENT  is  capable.  However  this  may 
not be true in MR  EQUIPMENT  that can produce very high noise levels. In addition, special care 
should  be  taken  for  the  situation  in  which  the  PATIENT  is  given  anaesthesia.  In  that  case  the 
aural  reflex  can  be  ineffective  or  much  less  effective  than  in  conscious  PATIENTS,  because  of 
the influence of the muscle relaxing drugs on the stapedius muscle in the middle ear [10]. The 
necessity of the careful use of ear protection especially in that situation has to be emphasised 
in the INSTRUCTIONS FOR USE. 

 
Concerning 6.8.2 ee) CONTROLLED ACCESS ARE A 

 

The  installation  of  a  CONTROLLED  ACCESS  AREA  and  the  appropriate  use  of  warning  signs  and 
markings   is   necessary  to   control   exposure   of   individuals   with   medical   implants   to   high 
magnetic fields, and to prevent the entry of ferromagnetic objects into the CONTROLLED ACCESS 

AREA (see also rationale to 6.8.2 jj) and 6.8.3 bb)). 
 

1)   Attraction and torque on ferromagnetic materials 

NOTE    This section refers to areas inside the CO NT RO LL ED AC CES S AR EA. 
 

All  magnets  are  surrounded  by  magnetic  fringe  fields.  The  major  safety  consideration  is 
the   development   of   administrative   and   physical   barriers   to   prohibit   the   accidental 
introduction of ferromagnetic objects into the examination area. 

In  addition,  the  field  distortions  generated  by small magnetic  objects  either  in  the  PATIENT 

or  accidentally  introduced  and  clinging  to  the  inside  of  the  magnet  can  result  in  image 
artefacts.    For these    reasons,    the    examination    area    should    be    secured    against 
unauthorised entry at all times. 

Various hazardous situations,  which may be caused  by interaction between ferromagnetic 
materials and the field, are as follows: 

– ferromagnetic  aneurysm  clips  or  ferromagnetic  fragments  being  displaced  inside  the 
body of the PATIENT, damaging surrounding tissue; 

– loose   ferromagnetic   materials,   attracted   into   the   magnet,   injuring   the   PATIENT 

externally; and 

– a heavy ferromagnetic object, attracted to the surface of the magnet, trapping a person 
between it and the magnet. 

 

The  attractive  force  and/or  torque  exerted  by  a  magnet  upon  an  object  composed  of 
ferromagnetic  materials  is  due  to  the  interaction  of  the  magnetic  field  and  the  induced 
magnetisation  in  the  object.  This  force  will therefore  depend  on  the  value  and  on  the  rate 
of  variation  in  space  of  the  magnetic  field,  on  the  specific  magnetic  properties  of  the 
object's materials as well as on the object's mass and shape. 

Similarly, the torque exerted by the magnet on an object depends on the same quantities. 
It  may  also  be  present  in  the  absence  of  any  attractive  force  in  a  situation  in  which  the 
field  is  perfectly  uniform.  An  object  will  always  experience  a  torque  unless  it  is  perfectly 
aligned with the field, whereas an attractive force will be exerted only in the presence of a 
non-uniform field. 

Notwithstanding  the  fact  that  the  force  on  an  object  depends  on  its  magnetic  nature  and 
on  the  spatial  rate  of  change  of  the  field,  it  is  more  practicable  to  state  the  necessary 
precautions  in  terms  of  a  field  limit  value,  since  measurements  of  the  static  field  can 
be performed   more   easily.   The   attraction   effects   usually   come   into   effect   when   the 
magnetic fringe field is stronger than 3 mT. 
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Magnets can be classified roughly into the following general types: 

– superconducting magnets, 

– resistive magnets and 

– permanent magnets. 
 

Self-shielded  magnets  differ  significantly  from  their  non  self-shielded  counterparts  with 
respect  to  the  distribution  of  the  magnetic  fringe  field.  Non-self-shielded  superconducting 
magnets   and   resistive   magnets   with   an   air   core   solenoid   tend   to   have   the   same 
distribution of the magnetic fringe field, except that the intensity of the field differs. 

 

The  various types  of  magnets can  be classified  in terms of  the attraction  of  ferromagnetic 
materials as follows: 

– Non-self-shielded type magnets 

This type of magnet has the most extensive magnetic fringe field region and, therefore, 
produces  the  widest  hazardous  zone.  Since  the  rate  of  change  of  the  field  is  low,  the 
expected  forces  are  less  severe.  Due  to  their  lower  magnetic  field,  the  resistive 
magnets   have   a   proportionally   smaller   hazardous   region   than   superconducting 
magnets. 

– Self-shielded type magnets 

The  magnetic  fringe  fields  are  restricted  and  therefore  the  hazardous  zone  is  limited. 
Nevertheless,   due   to   the   significant   field   gradient,   the   maximum   attractive   force 
exerted by this type is greater than that of the non-self-shielded type. 

– Permanent magnets 
 

The  magnetic  fringe  field  region  is  the  most  limited,  with  the  smallest  hazardous  zone 
as  a  result.  However  the  field  gradient  is  more  significant.  Consequently  there  is  a 
danger  that  ferromagnetic  materials  could  be  attracted  even  in  the  zone  where  the 
magnetic  fringe  field  intensity  is  small.  In  addition,  permanent  magnets  cannot  in 
practice be de-magnetised in cases of emergency, whereas other types of magnet can 
be de-energised. 

2)   Effect of the static field on other devices 
 

The  use  of  warning  signs  and  the  definition  of  a  CONTROLLED  ACCESS  AREA  are  necessary 
to  control  exposure  of  individuals  with  medical  implants.  Generally,  areas  below  0,5  mT 
have  n ot  b ee n  sho wn  t o  be  a  pote ntial  source  of  interf erence,  e.g .  to  cardiac  pace- 
m ak ers  [11].  T he  Euro pean  St and ard  EN  50 0 61  [1 2]  ref lects  th is  f act  b y  def in ing  a 
thresho ld of 1 m T . 

 

Numerous electronic equipment found in a hospital department (e.g. X-RAY TUBES, cathode 
ray   tubes,   scintillation   cameras,   and   X-RAY   IMAGE   INTENSIFIERS)  may   be   affected   by 
magnetic fields above a value of the order of 0,1 mT to 5 mT. Siting a MR  EQUIPMENT  in an 
area  in  which  its  magnetic  fringe  field  impacts  on  this  equipment  may  require  shielding. 
Such shielding can also simplify the problems of control of access for safety reasons. It is 
worth  noting  that  equipment  such  as  television  systems,  video  display  terminals  and 
magnetic   storage   media   are   particularly   important   in   this   respect   because   they   are 
becoming   more   and   more   common   in   a   medical   facility.   Computer   electronics   are 
generally  not  affected  by  the  lowest  fields,  but  computer  system  locations  are  som ewhat 
lim ited  because  of  the  requirem ents  applicable  to  the  accom pan ying  m agnetic  storage 
m edia.  To  erase  m agnetic  inform ation,  such  as  that  on  credit  cards  or  m agnetic  tapes 
requires a relatively low static field. Thresholds as low as 20 m T have been reported. 
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Since the output of  a  photo-multiplier tube is  affected by the magnitude and  orientation of 
magnetic  fields,  equipment  whose  operation  is  extremely sensitive  to  the  gain  of  a photo- 
multiplier   tube  (e.g.   belonging   to   a  scintillation   camera   or   a   COMPUTED   TOMOGRAPHY 

system) can be among those affected by the lowest magnetic fields. The entire equipment 
or individual photo-multiplier tubes can be magnetically shielded, but the large aperture of 
a scintillation camera will make magnetic shielding difficult in most cases. 

Electroencephalographs   and   electrocardiographs   may   be   used   in   areas   near   the MR  

EQUIPMENT  sites,  the  former  being  extremely  sensitive  to  time  varying  magnetic  fields and  
the  latter  being  relatively  insensitive.  However,  quantitative  data  should  be  provided 

by the MANUFACTURER  of the electroencephalograph or electrocardiograph equipment. 
 

 
Concerning 6.8.2 ff) Liquid and gaseous cryogens 

 

1)   Handling of liquid cryogen: helium and nitrogen 
 

a)   Properties of the cryogen 

– detrimental to health (see also item 2); 
 

– odourless; 

– non-flammable; 
 

– non-toxic; 

– helium is lighter than air; 
 

– when evaporating, they produce cold fogs which will spread. 

Nitrogen fog will sink quickly to the floor. 

At ambient temperature (20 °C), 1 l of liquid helium will produce approximately 750 l of 
helium gas, and 1 l of liquid nitrogen will produce approximately 700 l of nitrogen gas. 

b)   Dangers associated with cryogen 
 

Incorrect handling of helium and nitrogen can result in: 

– danger of cold injuries; 
 

– danger of suffocation; 

– danger of oxygen condensation. 
 

 Cold injuries 

W hen  handling  liquid  nitrogen/helium,  any  contact  with  the  skin  should  be  avoided, 
because of the danger of cold injuries. Splashes on the skin cause skin damage similar 
to burns. The eyes are particularly vulnerable. 

 Danger of suffocation 
 

Leaking  helium   or  nitrogen  gas   will  displace  the  oxygen.  An  ambient  air  oxygen 
concentration  of  less  than  17 %  to  18 %  is  not  sufficient  for  human  respiration.  The 
limit of the air oxygen concentration should meet national laws or regulations. 

 

If  a  cloud  of  helium  or  nitrogen  escapes  into  the  examination  room,  it  is  advisable  to 
immediately evacuate the room and to re-enter this room only after the oxygen content 
has been verified to be sufficiently high. 
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 Condensation of oxygen 

The  surface  temperature  of  containers  of  nitrogen  and  helium  may  be  sufficiently  low 
to condense oxygen or oxygen-enriched air which would add to a fire hazard. 

 

If  grease,  oil  or  other  combustible  material  is  present  in  the  vicinity  of  containers,  the 
escape of cryogenic gases can lead to the formation of a potentially combustible liquid 
due to liquefaction of air and concentration of oxygen. 

 
c)   Protective clothing 

 

The  wearing  of  protective  clothing  is  essential  during  all  work  in  conjunction  with 
liquefied cryogen. 

 

Such clothing consists of: 

– safety gloves; 
 

– work gloves; 

– face shield; 
 

– laboratory coat/overalls (cotton or linen); 

– non-magnetic safety shoes. 

 
2)   QUENCH 

 

A QUENCH  is due to excessive heating of the wires of the magnet immersed in liquid helium 
(e.g. induced by loss of vacuum, mechanical perturbations, excess external forces, etc). 

 

Superconducting  magnets  can  vent  up  to  several  hundred  litres  of  cryogenic  gases  per 

hour  during  normal  operation.  During  the  QUENCH,  approximately  104  l  to  106  l  of  gas  at 
atmospheric PRESSURE  can be vented within a few minutes. 

Usually,  a  QUENCH  occurs  when  the  quantity  of  liquid  helium  becomes  insufficient  to  cool 
the   superconducting   coil.   Due   to   the   increase   in   the   temperature   of   the   coil,   the 
superconducting wire exhibits normal conductivity, and an excessive boil-off starts. 

If proper venting is not used, three effects can occur during rapid boil-off at a QUENCH: 
 

– excessively  cooled  gases  will  freeze  water  molecules  in  the  area  adjacent  to  the 
magnet, causing a dense white fog; 

– air  in  the  room  will  be  displaced  by  helium,  making  it  difficult,  if  not  impossible,  to 
breathe; 

– the helium  gas that escapes during a QUENCH  is extremely cold and might  even freeze 
objects in its way. 

 
3)   Filling of cryogen 

In  some  types  of MR  EQUIPMENT  periodic  refill  of  cryogen  is  necessary  to  keep  the  helium 
above  the  safety  level  to  prevent  the  QUENCH.  During  the  refill,  excessive  boil-off  of 
cryogenic  gas  occurs  which  could  cause  the  same  condition  as  mentioned  above.  About 
10 % to 30 % of liquid helium will be converted to gas during normal refilling. 

 
Concerning 6.8.2 gg) Operating modes 

 

 
See rationale to 51.103 
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Concerning 6.8.2 hh) and 6.8.2 kk) Static magnetic field 
 

 
Static  magnetic  fields  used  in  commercial MR  EQUIPMENT  range  in  strength  from  about  0,02 T 
to 3,0 T. Experimental units now range in field strength up to 10 T. W hile permanent magnets 
and resistive magnets are utilized in some MR  EQUIPMENT, most commercial MR  EQUIPMENT  use 
superconducting magnets. 

 
In superconducting magnets, the static field is typically parallel to the long axis of the body. In 
some  MR  EQUIPMENT,  supplied  with  a  TRANSVERSE  FIELD  MAGNET,  the  static  magnetic  field  is 

normal to the long axis of the PATIENT. 

 
The  magnetic  field  experienced  by  the  PATIENT   typically  is  limited  to  the  operating  field 
strength   of   the   magnet.   From   the   technical   specification   sheet,   as   provided   by   the 
MANUFACTURER   following  6.8.3  bb),  it  can  be  seen  that  for  some  magnets  the  stray  field 
outside  the  bore  of  the  magnet  may  even  be  higher  then  the  operating  field  strength  of  the 

magnet. 

 
Except  in  some  cases  of  interventional  work  the  OPERATOR  can  normally  be  assumed  to  be 
exposed  only  to  the  static  magnetic  field  of  the  MR  EQUIPMENT,  in  particular  to  its  static 
magnetic fringe field. 

 
Exposure of the OPERATOR to time-varying fields will be extremely small outside of the bore of 
the  MR  EQUIPMENT.  There  is  no  experimental  or  theoretical  basis  for  cumulative  biological 

effects on humans resulting from exposure to either static or time-varying magnetic fields. 

 
Potential mechanisms for bioeffects 

 

 
Forces, torque, and permeability 

 

 
The  least  glamorous  and  perhaps  most  significant  mechanism  for MR  bioeffects  is  the  missile 
hazard.  Ferromagnetic  objects  will  experience  translational  forces  which  will  attract  them 
towards  high  magnetic  field  regions  in  the  magnet [15].  This  force  depends  on  the  product  of 
static magnetic field strength and the spatial gradient of the magnetic field strength. Low-field 
shielded  magnets  may,  at  certain  spatial  locations,  produce  larger  magnetic  gradients  than 
even  high-field,  unshielded  magnet  [16].  The  result  is  that  such  shielded  low-field  magnets 
may exert greater forces on ferromagnetic objects than even unshielded high-field magnets at 
certain locations [16]. The missile hazard necessitates training of personnel. 

 

 
Diamagnetic  objects  will  experience  translational  forces  attracting  them  to  low  magnetic  field 
regions  away from  the  magnet  [15,  17,  18]. W ater  is  weakly diamagnetic.  Ueno  and  Iwasaka 
[17,  18],  showed  that  in  an  8 T,  small-bore  magnet,  water  can  experience  a  force  up  to  30 % 
the force  of  gravity.  This  force causes  the  water to separate  in  the  uniform  field  region  of  the 
magnet. To a first approximation, superconducting, solenoidal magnets used in MR  EQUIPMENT 

may be  approximated  as  Helmholtz  pairs.  Assume  a  Helmholtz  pair  has  a  radius,  R,  and  that 

the  static  magnetic  field  in  the  centre  of  the  coil  pair  is  B0.  Consider  an  object  whose 
susceptibility  is  χ   and  whose  density  is  ρ.  Let  the  acceleration  of  gravity  be  g,  let  the 

permeability  of  free  space  be  μ0,  and  let  z  be  the  axis  of  the  Helmholtz  pair.  The  maximum 
acceleration, a, (normalized to the acceleration of gravity) this object should experience in the 
magnetic field of a Helmholtz pair of radius, R, may be expressed as: 
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χ B ⎛ ∂ B ⎞   χ ⎜  0,569 B0 
2  

⎟
 

a  = 
μ 0  ρ g 

⎜ ⎟ ≈ 
⎝  ∂ z  ⎠ ⎛ ⎞ 

. 
μ ρ g  ⎜ R ⎟ 

⎝ ⎠ 

(BB 1) 

 

 
It can be shown that the peak force from a Helmholtz coil occurs at z/R  = 0,787 (assuming the 

pair centre corresponds to z = 0). Ueno reported the maximum force product (B  ∂  B/∂  z) of 

his small  bore  system  to  be  400  T2/m  at  z  =  75 mm.  Assuming  a  Helmholtz  model  applies,  
the radius  of  the  Helmholtz  pair  must  be  R  =  z  /0,787  =  0,075  /0,787  =  0,095  and  the  

maximum force product is B ∂ B/∂ z = 0,569 B0
2/R = 381 T2/m (less than a 4,7 % 

discrepancy). 

 
Ueno's  "Moses"  effect  was  observed  in  a  small  (0,05  m)  bore,  8 T  magnet.  Equation  (BB  1) 

shows  that  water,  which  is  diamagnetic  (  χ  =  –9,05    10–6  and  density  =  1 000  kg/m3)  will 
experience an acceleration of about 30 % of the acceleration of gravity. W ater in a flat tray in 
the  magnet  parts,  so  that  the  central  portion  of  the  tray  is  dry  while  water  level  peaks  on 
either side of the magnet centre. Ueno also found other subtle biological effects [19] related to 
the   force   product   of   the   magnet.   Equation   (BB   1)   predicts   that   force   (and   presumably 
biological  effects)  from  magnets  similar  to  Helmholtz  magnets  (such  as  solenoidal  magnets) 
depends  on  the  square  of  magnetic  field  strength  and  inversely on  the  radius  of  the  effective 
Helmholtz  pair.  Assuming  W HOLE  BODY  MAGNETS  have  a  Helmholtz-equivalent  radius  of  1  m, 
then the force product for a W HOLE BODY MAGNET with 4 T is only 4 % of that of Ueno's magnet. 
So, in a W HOLE BODY MAGNET with 4 T water should experience an acceleration only about 1 % 
that of gravity. 

 

 
A  very  indirect,  but  serious,  bioeffect  mechanism  related  to  ferromagnetic  objects  involves 
pacemakers. Pacemakers may have ferromagnetic reed relay switches which are actuated by 
magnetic  fields  of  a  few  gauss  [16].  Certain  prostheses,  shunts,  screws,  and  other  implants 
may experience forces in a static magnetic field. Proper care must be exercised to ensure that 
the safety of such PATIENTS  is not compromised. 

 
Before   leaving   the   subject   of   ferromagnetic   objects,   another   indirect,   potential   hazard 
mechanism  must  be  identified.  This  potential  hazard  mechanism  involves  the  tendency  of 
magnetic cores in transformers and some conductors to saturate in the presence of high static 
fields.  Equipment  containing  such  magnetic  cores  may be  damaged  and  cease  to  function.  If 
such equipment serves monitoring or life support functions, then saturation of magnetic cores 
may pose significant potential risks to the PATIENT. 

 
Electrically  conductive  objects,  including  those  with  relative  permeability  close  to  unity,  may 
be  susceptible  to  mechanical  damping  forces.  These  forces  will  occur  if  the  motion  of  the 
objects  cuts  across  magnetic  lines  of  force.  Currents  generated  in  conductive  objects  will,  by 
Lenz's law [20], produce magnetic fields which oppose the static magnetic field and damp the 
motion. 

 
Nerve conduction velocity 

 
Charges  moving  orthogonal  to  the  static  magnetic  field  will  experience  Lorentz  forces  in 
directions  orthogonal  to  both  the  static  field  and  the  velocity  vectors.  This  mechanism,  the 
Hall effect, might influence nerve conduction [21]. Static magnetic fields may influence action 
potential   propagation   time   down   nerve   fibres   by   altering   conduction   paths   and   nerve 
resistivities  [21].  The  type  of  alteration  would  depend  on  the  relative  orientation  of  the  nerve 
fibre  with  respect  to  the  static  magnetic  field  and  the  strength  of  the  magnetic  field.  Even  a 
10 %  change  from  no-field  nerve  properties  would  require  a  static  magnetic  field  strength  of 
24 T [21]. 
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Induced electric fields 
 

Charge  carriers,  such  as  flowing  blood,  moving  in  static  magnetic  fields  induce  transverse 
voltages  [22]. The  voltages,  V,  induced  by the magneto-hydrodynamic  effect, may be  derived 
by  considering  the  Lorentz  force,  F.  This  force,  when  divided  by  the  elementary  charge  q, 
expresses the transverse electric field. If the diameter of the blood vessel is D, the velocity of 

the  blood  flow  is  μ,  and  θ  is  the  angle  between  the  velocity  vector  and  the  static  field,  then 

from the Lorentz force law, we have (see figure BB.1): 
 
 

V  =  
FD 

= μ ⋅ BD ⋅ sin(Θ) 

q 

 

(BB 2) 

 

 
Faraday's  law  of  induction,  relates  induced  voltage  to  the  rate  of  change  of  flux  through  an 
area,  A.  Flux  is  the  integral  of  the  dot  product  of  magnetic  field  strength  B,  over  the  area.  In 
static magnetic fields, the normal to the area must change with time, t, to result in an induced 

voltage V: 
 
 

V  = 
  ∫  

 
 
BB 3) 

d   B ⋅ dA 
( 

dt 

 
Respiration,  cardiac  displacements,  and  flowing  blood  may  induce  voltages  in  the  body.  One 
manifestation  of  these  induced  voltages  (figure  BB.1)  is  the  elevation  in  the  "T"  wave  portion 
of  the  electrocardiogram  at  high  static  field  levels  [23].  During  systole,  the  moving  heart  and 
flowing blood induce a body voltage close to the amplitude and near the cardiac cycle time of 
the  "T"  wave  [23].  Chest  wall  motion  during  respiration  in  static  magnetic  fields  will  induce 
small  voltages  in  the  body.  Schenck  [24]  has  related  vertigo,  experienced  by  personnel  who 
work near high magnetic fields, to pressures generated in the semi-circular canals of the inner 
ear by motion-induced electric fields. 

 
Power line bioeffects and MR 

 
W hether low level static and dynamic magnetic fields associated with power lines play roles in 
producing  cancer  has  attracted  much  recent  publicity.  Epidemiological  studies  on  effects  of 
residential  exposure  to  power  lines  at  50  and  60 Hz  on  childhood  cancer  have  indicated 
excess  risk  for  certain  cancers  [25  –  31].  However,  the  statistical  significance  of  the  findings 
were mixed. Approximately half the studies of adult residential exposure to power  lines found 
effects.  However,  only  one  study  showed  statistical  significance.  The  other  studies  showed 
no  effects.  Several  studies  of  occupational  exposure  to  50  -  60 Hz  fields  have  been  done 
[25,  32  –  36].  Again,  the  results  are  mixed,  as  is  the  statistical  significance  of  the  results. 
These  studies  postulate  that  milligauss  fields,  lower  than  those  naturally  occurring,  cause 
bioeffects.   The   counter-intuitive   hypothesis   and   mixed   experimental   results   recently   led 

Bernhardt [37] to conclude that additional investigations are needed to clarify this matter. 

 
There  are  important  differences  between  power  line  exposures  and  exposures  encountered 
in  MR.  One  difference  is  that  MR  magnetic  fields  are  static,  unlike  the  60 Hz  power  line 
fields.  Another  difference  is  the  lack  of  an  electric  field  component  associated  with  the  MR 

static  magnetic  field.  A  proposed  mechanism  for  any  extra  low  frequency  (ELF)  bioeffects 
involves   cyclotron   resonance   of   calcium   ions   [38].   Such   a   mechanism   requires   both   a 
magnetic   field   (which   may  be   dynamic)   and   an   orthogonal   electric   field   varying   at   the 
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cyclotron  resonance  frequency  probably  of  calcium.  The  cyclotron  resonance  frequency  for 
calcium ions is 38,4 Hz/Gs. The earth has a magnetic field strength of about 0,2 Gs to 0,5 Gs. 
A  60 Hz  electric  field  would  require  an  orthogonal  magnetic  field  strength  of  1,56 Gs  for  the 
cyclotron  resonance  of  calcium  ions.  Such  a  combination  of  electric  and  magnetic  fields  may 
occur  near  power  lines.  In  a  1,5 T  magnet,  a  576 kHz orthogonal  electric  field  is  required  for 
cyclotron resonance. The resonant frequency in the MR  EQUIPMENT  is more than two orders  of 
magnitude  higher  than  the  cyclotron  resonance  frequency  for  calcium  for  the  same  magnet. 
There  is  no  electric  field  near  the  cyclotron  resonance  frequency  in  MR  EQUIPMENT,  since 
electromagnetic shielding is used. These shields protect the environment from MR signals and 
prevent environmental signals from degrading MR images. 

 
Other proposed mechanisms for static field bioeffects 

 
Chemical reaction rates, equilibrium, and concentrations might be altered if some or all of the 
reactants or products had magnetic moments which significantly modified reaction 
thermodynamics  [16,  17,  24,  39  –  41].  However,  up  to  4 T,  thermodynamic  considerations 
indicate that the effects should be nearly immeasurable [24]. 

 
Other  possible  mechanisms  for  static  magnetic  field  bioeffects  have  been  proposed.  For 
example,  proton  tunnelling  in  DNA  due  to  changes  in  potential  height  caused  by  the  static 
magnetic field [40]. Other mechanisms have  been discussed  in  excellent reviews [16,  24, 37, 
40, 42 – 46]. 

 
Observed static field bioeffects 

 

 
Experimental studies 

 

 
The  T-wave  enhancement,  electrocardiogram  artefact  is  the  only  non-mechanical  static  field 
bioeffect  that  is  widely  accepted.  It  is  reported  for  PATIENTS  placed  in  static  fields  of  at  least 
0,3 T.  This  phenomenon  is  rather  in  the  realm  of  biological  cause  than  effect.  Flowing  blood 
results in the induced voltage that leads to the T-wave artefact. No adverse effects result; the 
PATIENT  resumes  producing  normal  EKG  traces  immediately  upon  leaving  the  magnetic  field 
[16,  23].  Note  that  Jehenson,  et  al.  [71],  also  found  a  17 %  increase  in  cardiac  cycle  length 
after  10  min  of  exposure  to  a  2 T  field.  Cardiac  cycle  length  returned  to  normal  10  minutes 
after exposure and remained normal 22 hours later. 

 
Static  magnetic  fields  used  in MR  EXAMINATION  do  not  result  in  increases  in  body temperature 
[47]  as  had  been  suggested  [48].  There  appear  to  be  no  mutagenic  effects  [16,  42,  49]. 
However,  Narra,  et  al.  [70]  found  that  a  mere  30-minute  exposure  of  mice  to  1,5 T  fields 
caused  a  15 %  reduction  in  testicular  sperm  on  the  16th  and  26th  day  after  exposure.  There 
are   no   effects   on   nerve  conduction,   and   latency  [50  –   52].   Nerve   excitability  is   either 
unaffected [50] or significantly increased [51] by high static magnetic fields. 

 
Many of  the proposed mechanisms may apply at  a  very high field strength, but  apparently do 
not contribute significantly at static magnetic field levels below 2,0 T. For example, Atkins [53] 
has  shown  that  at  normal  body  temperature,  thermodynamic  considerations  require  static 
fields  of  at  least  10 T  to  produce  significant  alterations  in  enzyme  conformation. W ikwso  and 
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Barach  [20]  have  shown  that  fields  as high  as  24 T  would  influence  nerve conduction  only 
slightly.  Recently,  Kinouchi,  Yamaguchi,  and  Tenforde  [72]  showed  that  static  fields  up  to 
10 T should not be of concern due to voltages induced in the aorta. 

 

 
There  are  several  largely  unsubstantiated  reports  of  static  magnetic  field  bioeffects.  Oxygen 
consumption  was  observed  to  be  depressed  somewhat  in  mouse  embryo  kidney  and  liver 
cells  in  fields  as  high  as  0,7 T  [54].  Another  study,  however,  found  no  effects  at  0,6 T  [55]. 
Contradictory results  are  reported  on  the  haematology  of  animals  exposed  for  weeks  to  high 
static  magnetic  fields  [56  –  58].  There  are  several  review  articles  that  explore  these  areas  in 
more depth [16, 24, 37, 40, 42 – 46]. 

 
Experimental  work  at  static  fields  above  2 T  has  been  non-decisive.  Prasad,  et  al.  [66] 
exposed  leopard  frog  eggs  to  0,15 T  or  4,5 T,  or  no  field  and  found  no  differences  in  the 
groups.  From  this  he  concluded  that  magnetic  fields  up  to  4,5 T  have  no  effect  on  early 
development.  Schenck,  et  al.  [67]  found  increases  in  vertigo  probability  at  4 T  compared  to 
1,5 T for human volunteers moving their heads in a 4 T field. In addition, he found statistically 
significant  increase  in  nausea,  metallic  taste,  and  magneto-phosphene  production.  Raylman, 
Clavo, and W ahl [68] exposed human tumor cells to a 7 T magnetic field for 64 h. They found 
that  the  static  field  reduced  viable  tumor  cell  numbers  by  19 %  for  melanoma,  22 %  for 
ovarian  carcinoma,  and  41 %  for  lymphoma.  They  also  found  no  evidence  for  alterations  in 
cell  growth  cycles  or  in  gross  fragmentation  of  DNA.  In  another  study  Kroeker,  et  al.  [69] 
found  no  differences  in  pineal  or  serum  melatonine  levels  between  rats  exposed  to  0,08 T 
fields and those exposed to 7 T fields. 

 
Epidemiological  studies  of  human  exposure  to  high  static  magnetic  fields  have  been  done 
[59  –  63].  Data  on  Russian  industrial  workers  who  were  exposed  during  their  work  to  both 
static  and  low  frequency  magnetic  fields  up  to  0,1 T  contain  many  subjective  observations 
(e.g.,  headaches,  chest  pains,  dizziness)  [62,  63].  These  studies  also  lacked  adequate 
controls for complicating factors such as chemicals in the workplace. 

 
In  marked  contrast,  studies  of  American  workers  who  work  with  high  magnetic  fields  showed 
no  hazardous  effects  in  fields  up  to  0,5 T  in  one  study  [59]  and  as  high  as  2,0 T  in  another 
study  [60].  W hile  investigations  into  these  areas  should  be  continued,  there  is  no  evidence 
that exposures to static magnetic fields less than 2,0 T put the PATIENT  at risk. 

 

 
One area of concern is whether static magnetic fields are hazardous to the unborn children of 
exposed  pregnant  workers.  W hile  proving  safety  in  an  absolute  sense  requires  an  infinite 
number  of  experiments,  there  is  no  evidence  in  the  literature  to  date  that  exposure  to  static 
magnetic  fields  is  hazardous.  A  recent  epidemiological  survey [61]  of MR  technologists  in  the 
United  States  found  no  correlation  between  exposure  to  high  static  magnetic  fields  and 
spontaneous  abortion  rates,  infertility,  low  birth  weight,  or  premature  delivery.  Ueno  studied 
embryonic   development   of   frogs   in   6,34 T   fields   and   found   that   rapid   cleavage,   cell 
multiplication,   and   differentiation   were   unaffected   [48].   Kay   also   investigated   embryonic 
development  of  frogs  in  high  static  fields  and  found  no  adverse  effects  [64].  McRobbie 
studied  pregnant  mice  in  gradient  magnetic  fields  and  found  no  effects  on  litter  number  or 
growth rate [65]. 
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Static fields: Occupational safety standards 
 

In Table BB.1 a list of static occupational field exposure standards is provided. These include 
standards  [74  –  77]  from  the  National  Radiological  Protection  Board  (NRPB)  used  in  the 
United  Kingdom,  from  the  American  Congress  of  Government  Industrial  Hygienists  (ACGIH), 
from  the  Lawrence  Livermore  National  Laboratory  (LLNL),  and  from  the  Australian  Radiation 
Laboratory  (ARL).  Note  that  all  the  standards  require  a  static  field  “dose”  limit  of  either  200 
mT  or 60 mT. Assuming  these  limits apply to  an  8-hour  day,  then  at  0,5 T, only one  hour per 

day could be spent in the field using the 60 mT level. 

 
The  scientific  basis  for  such  static  magnetic  field  dose  limits  is  missing.  There  is  a  reference 
[78]  to  keeping  the  induced  root  mean  square  (r.m.s.)  voltages  below  1 mV.  Apparently 
concern that blood pressure might be significantly elevated in high static fields led to limits on 
the length of exposures to static magnetic fields. As will be discussed in the next section, this 
concern   turned   out   to   be   unjustified   [79].   However,   dose-based   occupational   exposure 
standards  persist.  Future  static  field  exposure  standards  may  be  updated  with MR  exposures 
in mind. 

 
Table BB.1 – Static field occupational standards 

 

Source Whole-bod y 
time average (8 h) 

Whole-bod y 
maximum 

Extremities 
time average (8 h) 

Extremities 
maximum 

ICNIRP
a 200 mT 2 T – 5 T 

NRPB
b 200 mT 2 T 200 mT 4 T 

ACGIH
c 60 mT 2 T 600 mT 2 T 

LLNL
d 60 mT 2 T 600 mT 2 T 

ARL
e 60 mT 5 T 200 mT 10 T 

a 
International Commission on Non-Ionizing Radiation Protection; 1993 

b 
National Radiological Protection Board (UK) 

c 
American Congress of Government Industrial Hygienists 

d 
Lawrence Livermore National Laboratory 

e 
Australian Radiation Laboratory 

 
Static fields: mechanisms for occupational concerns 

 

 
As  discussed  above,  in  the  presence  of  static  magnetic  fields,  ferromagnetic  materials  may 
experience   translational   forces   towards   regions   of   higher   magnetic   field   strength   [24]. 
Ferromagnetic  objects  may  also  experience  torque  tending  to  align  their  magnetic  moments 
with  the  static  magnetic  field  [24].  Moving,  electrically  conductive  objects  may  experience 
forces and torque in static magnetic fields due to Lenz's law [24]. 

 
Flow potentials [22] may be induced in conductive fluids (such as blood) moving through static 
magnetic   fields.   Flow-induced   potentials   cause   artefacts   on   electrocardiogram   (EKG) 
recordings  [23].  Rapid  head  motion  may  induce  voltages  in  the  semi-circular  canals  of  the 
inner  ear  sufficient  to  exceed  the  vertigo  perception  threshold  [24].  Theoretical  predictions  of 
flow-induced  blood  pressure  elevation  apparently  influenced  occupational  safety  standards. 
However, the magnitude of this effect turns out to be extremely small [79]. 
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Flow  potential-induced  electric  fields  may  produce  elevated  T-wave  artefacts  on  electro- 
cardiograms. These electric fields E may be derived from equation (BB 4) (see figure BB.1): 

 

 

V = 
F D 

= v B D sin( θ ) 
q 

(BB 4) 

 

 
This  electric  field  is  orthogonal  to  the  plane  containing  the  flow  velocity  vector  and  the  static 
magnetic  field.  The  highest  flow  velocity  coincides  in  time  with  the  T-wave  on  an  EKG.  For 
example, assume that the peak blood velocity is 0,6 m/s [40], the flow and static field make an 
angle  of  30°,  and  the  artery  diameter  =  0,02  m,  then  the  induced  voltage  is  9  mV.  Contrast 
this  result  with  typical  EKG  "R"  wave  amplitudes  which  are  on  the  order  of  10 mV.  The 
resulting  "T-swells"  disappear  with  the  static  magnetic  field.  T-swells  appear  to  have  no 
biological significance. Whether chronic induction of such voltages is of concern is not certain. 
However, evidence to date, suggests there are no safety issues up to at least 7 T. 

 
Note  that  in  most  high  field  MR  EQUIPMENT,  the  PATIENTS   are  aligned  parallel  to  the  static 
magnetic field. Peak blood flow velocities occur in the aorta [80]. Assuming the aorta is nearly 
aligned  with  the  static  magnetic  field,  then for  typical MR  EQUIPMENT  the  induced  electric  field 

should be small. Next, consider a  worker standing in  the  gap  of  a magnet. For this case,  θ  is 
approximately  equal  to  90°,  and  the  induced  electric  field  is  larger.  Reilly  [81]  has  estimated 
that an electric field of 6,2 V/m is needed to produce cardiac stimulation in the most sensitive 

population  percentile  for  gradient  ramp  times  >>3 ms.  For  gradient  ramp  times  of  600  μs 
(more typical of MR  EQUIPMENT), cardiac stimulation in the most sensitive population percentile 
rises to about 31 V/m. Cardiac stimulation in the most sensitive population percentile requires 
static  magnetic  fields  to  be  at  least  10 T  (ramp  times  >>3 ms),  but  more  typically  about  52 T 

(for ramp times of 600 μs). It would be prudent to conduct experimental cardiac safety studies 
before building open magnets for MR  EQUIPMENT  with extremely high fields. 

 
 
 

Braking force 

 
E 

v (Velocity) 

θ 

Blood flow 

 
 
E  = emf/D = v B0

 

 
 
 
sin (θ) ~ 0,6 V/m 

D 
0 

 

Artery 

⇒ T-wave artifact 

E  minimized for patient axis along Z 
1 % cardiac stimulation ~ 6,2 V/m 

Braking force:  F ∝  q  v  B 0   B 0 

⇒ insignificant BP effect – Keltner, et al. [79] 
 

IEC    113 5/02 

 
Figure BB.1 – Static magnetic fields: flow potentials and retardation 

 

 
Blood flowing in a static  magnetic field generates a flow potential proportional to the velocity, 
static magnetic field,  and the angle between them.  A braking force which opposes  blood flow 
is also created, but its magnitude is physiologically insignificant up to at least 5 T. 
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The induced electric field will create a flow of charged particles along the electric field. These 
charged  particles  moving  orthogonal  to  the  magnetic  field  will  experience  a  force  which 
opposes blood flow [22] (see figure BB.1). Apparently, this force was thought to be of concern 
since it might lead to an increase in blood pressure. However, Keltner, et al. [79] showed both 
theoretically and experimentally that this effect is of no concern. 

 

Conclusions 
 

There  appears   to  be  little  or   no  evidence  of   harmful  effects   from   static  magnetic   field 
exposures (experimentally up to 7 T in this review). Theoretical concerns start as low as 10 T. 
A  review  of  the  effects  of  strong  static  magnetic  fields  has  been  published  [82].  These  and 
other data led the U.S. Food and Drug Administration to consider static fields below 4 T to be 
a non-significant risk [73]. 

 
Concerning 6.8.2 ll) Auxiliary EQUIPMENT 

 
Care  should  be  taken  in  the  selection  of  monitoring/sensing  devices  to  ensure  that  they are 
specifically intended for  use  with MR  EQUIPMENT  (e.g.  high resistance ECG  leads).  Electrically 
conducting  materials,  except  those  which  have  to  make  electrical  contact  with  the  PATIENT 

(e.g.   ECG   electrodes),   should  be  electrically  insulated  from   the  PATIENT.   All  conducting 
materials should be thermally insulated from the PATIENT. The MANUFACTURER’S  instruction for 
arranging  monitoring  leads  (e.g.  to  avoid  closed  loops)  and  other  cables  near  the  PATIENT 

shall be followed.  The  purpose of  all these measures  is  to minimise the likelihood  of  induced 
currents because of coupling to the RF transmit coil, with the concomitant risk of burns to the 
PATIENT. 

 
Concerning 6.8.2 ss) 

 

 
In addition to the information given in item cc) of 6.8.2 on emergency medical procedures and 
item  ff)  of  6.8.2  on  liquid  and  gaseous  cryogens,  this  item  provides  information  pertinent  to 
emergencies  present  in  the  event  that  magnet  helium  gas  escapes  from  the  magnet  into  the 
examination  room  or  other  adjacent  rooms  during  a  QUENCH.  This  situation  may  be  present 
when  the  venting  system  of  the  superconducting  magnet  fails  either  in  part  or  fully  during  a 
magnet  QUENCH.  In  this  case,  hazards  may  be  present  for  the  personnel  involved.  The 
information  provided  here  will  be  useful  for  the  OPERATOR  in  establishing  an  emergency  plan 
adapted to local requirements. 

 

 
W hile  a  QUENCH  as  such  is  a  rare  event,  the  additional  failure  of  a  venting  system  of  the 
magnet  is  even  more  unlikely.  Although  thousands  of  MR  SYSTEMS   are  in  operation,  there 
have been only a few reports to date regarding accidents or near accidents involving personal 
injuries  in  relationship  to  a  QUENCH.  Nevertheless,  the  MANUFACTURERS  are  required  to  point 
out  the  potential  hazard  of  the  combined  event  and  to  provide  information  pertinent  to  this 
type  of  emergency.  Note  that  the  information  covers  the  highly  unlikely,  yet  possibly  serious 
event  of  a  malfunctioning  venting  system  at  the  time  of  a  quench  of  the  superconducting 
magnet. 
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What is a QUENCH? 

 

 
During a QUENCH, the magnet loses its super-conductivity. The magnetic field ramps down in a 
matter  of  seconds  –  typically  lasting  approximately  20  seconds.  The  magnet  begins  to  warm 
up.  Liquid  helium  boils  off  at  a  rate  of  500  to  1  500  l  within  a  few  minutes  and  expands 
quickly. The exact boil-off rate amount depends on the fill level as well as the field strength of 
the  magnet.  A  3  T  magnet  may  have  a  higher  boil-off  rate  than  a  1,5  T  magnet.  One  litre  of 
liquid   helium   translates   into   approximately   700   l   of   gaseous   helium.   During   maximum 
conditions  this  means  approximately  1  000 m3  of  gas.  A  manual  QUENCH  may  be  initiated  by 
activating  the  Emergency  field  shut  down  unit.  Another  source  for  quenching  is  when  the 
helium  fill level  decreases to  a  point  where  the magnet  begins  to  warm  up. In rare instances, 
a spontaneous QUENCH  may be observed that cannot be explained by the presence of obvious 
causes. 

 

 
Hissing  or  whistling  noises  caused  by  the  quickly  escaping  stream  of  cold  helium  gas  may 
accompany a QUENCH. Plumes of  white fog sink  to the floor mainly from  the upper  part  of  the 
magnet from the vicinity of the QUENCH  line due to condensation of both water vapour and air. 
The  stream  of  helium  gas  diminishes  in  a  matter  of  minutes.  Air  near  the  non-insulated 
components  of  the  magnet  and  the  QUENCH  line  condenses  into  liquid  air  and  drips  to  the 
floor. 

 
Risks associated with a failing venting system 

 

 
The  purpose  of  the  venting  system  of  the  superconducting  magnet  is  to  securely  exhaust 
gaseous  helium  to the  outside. The main element of  this system  is a conduit that is  designed 
to  transport the escaping helium  gas to a safe open  area. The  possibility of  a QUENCH  should 
be  taken  into  careful  consideration  during  the  design  of  both  the  magnet  and  the  venting 
system of the superconducting magnet. As a result, a QUENCH  should be completely harmless 
to  personnel.  Also,  neither  the  magnet  nor  the  MR  installations  as  such  should  be  subject  to 
damage during a QUENCH. 

 
An  emergency  situation  will  arise  if  a  quench  venting  system  fails.  Helium  is  lighter  than  air, 
and  is  non-poisonous  and  non-flammable.  However,  since  it  displaces  oxygen,  the  risk  of 
suffocation  exists.  Cryogenic  helium  escaping  into  the  ambient  air  leads  to  white  clouds 
caused by condensation. These clouds will adversely affect visibility. 

 

 
Persons  may  be  rendered  unconscious  by  the  amount  of  helium  entering  their  respiratory 
system.  Depending  on  the  helium  concentration  present  in  the  air,  a  few  breaths  may suffice 
to result in unconsciousness. 

 
In  addition,  escaping  helium  is  extremely  cold,  possibly  causing  hypothermia  and  frostbite. 
The  latter  results  in  injuries  resembling  burns  (cryogenic  burns)  after  the  skin  is  exposed  to 
normal temperature levels. Skin contact with cold parts or liquid air may also lead to frostbite. 

 
A variety of failures of the venting system of the superconducting magnet are conceivable. For 
instance, the following may occur. 

 

 Small  leaks:  smaller  amounts  of  helium  gas  are  exhausted  to  the  outside  via  the  heating 
and  air  conditioning  system  and  replaced  by  fresh  air.  This  is  not  a  critical  situation  as 
long as the heating and air conditioning system functions as required. 

These leakages are the result of constructional errors that need to be corrected. 
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 The  venting  system  of  the  superconducting  magnet  fails  in  part:  only  part  of  the  helium 

gas  is  exhausted  to  the  outside  via  the  integrated  venting  system.  Larger  amounts  of 
helium  are  present  in  the  examination  room.  The  heating  and  air  conditioning  system 
cannot  remove  the  helium  due  to  its  volume.  Large  clouds  form,  which  adversely  effects 
visibility.  Additionally,  the  PRESSURE  in  the  room  increases.  Depending  on  the  size  of  the 
leakage, hazardous conditions may be present for the personnel involved. 

 Total  failure:  the  venting  system  of  the  superconducting  magnet  fails  completely,  e.g. 
through  blockage  or  breaks  in  the  line.  The  entire  amount  of  gas  is  exhausted  into  the 
examination  room.  If  the  requirements  and  recommendations  previously  mentioned  are 
not  followed,  there  is  an  increased  potential  for  loss  of  life  in  the  case  of  a  complete 
cryogen vent failure. 

 Up to 1 000 m3  of gas are blown into the room, which frequently has a volume of less than 

100 m3. 
 

 
Concerning 6.8.3 bb) Compatibility technical specification sheet 

 
The  summary  specification  sheet  is  often  referred  to  as  the  product  data  sheet.  Specific 
information   on   this   sheet   can   help   the   USER   to   assess   the   compatibility   of   peripheral 
equipment  with  the  specific  MR  EQUIPMENT.  The  compatibility  of  peripheral  equipment  relates 
to both MANUFACTURERS,  and only when both  MANUFACTURERS  issue a compatibility statement 
does the USER  have no further concern. In all other situations the USER  must ensure that both 
types of equipment do not disturb the proper functioning of the other. 

 
It is very important to realise that the system configuration of the MR  EQUIPMENT  can affect the 
proper  operation  of  peripheral  equipment  and  vice  versa.  For  instance  the  installation  of 
stronger  gradient  systems  on  the  MR  EQUIPMENT   may  affect  the  functionality  of  peripheral 
equipment,  like a physiological monitoring and sensing device  applied near  the magnet  bore. 
Therefore   in   case   of   an   upgrade   of   the   MR  EQUIPMENT    the   USER    should   inform   the 
MANUFACTURER   of  the  peripheral  equipment  to  assure  the  safety  and  performance  of  the 
equipment [83]. 

 
Concerning 6.8.3 cc) 

 

 
Examination room configuration 

 
A  number  of  examination  room  features  are  suggested  in  the  standard.  For  the  examination 
room   features   a   clear   distinction   is   made   between   the   helium   venting   system   for   the 
superconducting  magnet  needed  in  case  of  a  QUENCH   and  the  PATIENT   ventilation  system 
needed  for  daily  air  refreshment  for  the  PATIENTS.  The  examination  room  features  try  to 
maximise  the  time  available  to  remove  a  PATIENT  from  the  system  in  the  event  of  a  QUENCH 

associated  with  a  failing  venting  system  of  the  superconducting  magnet.  These  features  will 
help  increase  the  time  available  to  remove  a  patient  to  an  average  time  of  a  few  minutes.  In 
general  the  operation  of  the  PATIENT  ventilation  system  should  be  monitored  carefully.  Some 
PATIENT  ventilation  systems  bring  fresh  conditioned  air  from  the  top  of  the  examination  room 
to  the  PATIENT.  In  the  event  of  a  QUENCH   associated  with  a  failing  venting  system  of  the 
superconducting  magnet,  this  is  very  unfavourable  for  the  PATIENT,  and  the  operation  of  the 
PATIENT  ventilation system should be stopped, preferably automatically via the detection of the 
QUENCH  by  a  sensor.  Also,  an  automated  warning  to  the  OPERATOR  can  be  considered  in  all 
situations.The fitting of an oxygen monitor, wired to audible and visual alarms, in the ceiling of 
the examination room  to  give an early warning of  the escape of  helium  gas is  recommended. 
W hen remodelling of the examination room is performed, the integrity of the RF-shielding has 
to be tested again. 
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Door of the examination room opens inwards – constructional safety measures 
 

The most unfavourable situation for the examination room is when the door of the examination 
room  opens  inwards.  In  this  situation,  slight  overpressure  due  to  helium  gas  leakage  may 
make  opening  of  the  door  extremely  difficult.  Depending  on  the  ventilation  system  for  the 
room,  overpressure  may  be  present  for  a  considerable  length  of   time.  Installation  of   a 
provision   in   the   examination   room   to   allow   air   breathing   for   persons   present   in   the 
examination room  during the QUENCH  in this situation may help to increase the time available 
to allow for pressure equalization in the room. 

 
To address this situation the following alternatives are available: 

 

– The door is reconfigured so that it opens to the outside, into the control room. 

– The  door  is  replaced  with  an  RF-sealed  sliding  door.  It  should  be  ensured  that  the  door 
closes in a way that allows it to move away from the frame in case of overpressure, that is, 
it facilitates opening the door. 

– The fixed observation window is replaced by a window opening into the control room or by 
an RF-sealed sliding window. 

– Panels are installed in the examination room wall, door or ceiling that can be unlocked and 
opened to the outside in case of emergency or allow for continual pressure equalization to 
interstitional  space.  These  panels  require  an  RF-sealed  installation.  After  opening  the 

panel, the outlet should measure at least 60   60 cm2. W hen using rectangular panels, the 
shorter  side  should  measure  a  minimum  of  60 cm  in  length.    Also,  easy  removal  of  the 
panel by a single person has to be ensured. In addition, a minimum distance of 1 meter to 
the  next  wall  needs  to  be  observed.  The  panel  should  be  installed  as  far  as  possible 
toward the top of the room to allow escape of the low-density helium. 

– The  examination  room  MANUFACTURER  can  provide  additional  RF-sealed  room  openings 
(metal  grids)  that  lead  directly to  the  outside.  However,  these  openings  are  also  conduits 
for acoustic noise generated outside the examination room. Again, these openings should 
be installed as far as possible toward the top to allow escape of the low-density helium. To 
maintain   unobstructed   flow   through   a   pipe,   the   diameter   of   a   long   line   has   to   be 
appropriate. 

 
For  doors  moved  via  auxiliary  drives  (e.g.  electrical  or  pneumatic),  manual  operation  has  to 
be ensured as well. 

 
If  included  in  the  installation,  the  observation  window  may  be  broken.  The  window  usually 
includes  wiring  for  the  RF-shielding  that  needs  to  be  worked  through  as  well.  However,  the 
resulting  glass  splinters  may  injure  rescue  personnel.  Depending  on  the  construction  and 
the thickness  of  the  window,  the  OPERATOR   has  to  provide  suitable  tools  for  breaking  the 

window. 

 
Maintenance 

 
A preventive maintenance program should include the following actions. 

 
Checking the exhaust system and room venting. 

 

 
The   installation   of   the   room   venting   system   and   the   cryogen   venting   system   for   the 
superconducting magnet has to adhere to the requirements and should be checked by trained 
personnel.  Both  systems  have  to  be  visually  inspected  at  regular  intervals  to  determine 
inappropriate changes, in particular: 
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– design changes inside and outside the shielded examination room; 

– inappropriate changes; 
 

– damage to the thermal insulation of the exhaust line; 

– damage to the exhaust line; 
 

– obstructed exit, e.g. presence of bird nests (is the protective grid still intact?); 

– damage to protective rain covers (these are regularly required for vertically exiting QUENCH 

lines. Depending on the design, they are also frequently in place for horizontal exits). 
 

– Has  the  exhaust  to  the  outside  been  changed  after  the  system  was  handed  over  to  the 
customer  thus  subjecting  others  to  the  exhausted  gas?  This  may  involve,  for  example, 
windows  installed  at  a  later  date,  exits  and  entrances  put  in  place  for  heating  and  air 
conditioning  systems,  new  buildings  or  temporarily  installed  containers  and  any  other 
foreign  debris  or  construction  matter  that  could  negatively  influence  the  performance  of 
the venting system. 

– Has the heating and air conditioning system or venting system of the room been changed, 
e.g. by adding additional venting inlets or outlets in adjacent rooms? 

 

 W ere additional MR SYSTEMS  installed? 

– Is the same QUENCH  line used for additional MR SYSTEMS? 
 

Since  each  system  is  subject  to  either  changes  or  remodelling  of  the  building  during  its 
operating  life,  the  OPERATOR   needs  to  be  thoroughly  familiar  with  the  importance  of  the 
QUENCH   line   and   the   venting   system.   For   this   reason,   we   recommend   frequent   visual 
inspections  (e.g.  with  respect  to  constructional  changes  in  the  vicinity  of  the  QUENCH   line, 
severe  weather-related  changes  such  as  ice,  snow  or  sand).  In  case  of  questionable  system 
functionality, the venting system installation contractor should be contacted. 

 
Emergency plan 

 
The   following   recommendations   are   designed   to   help   the   OPERATOR   in   establishing   an 
emergency plan that should include the following: 

 

 layout  of  the  MR-suite  with  respect  to  windows,  escape  routes  both  for  personnel  or  for 
venting exhaust gas to the outside, emergency manual switches on the patient support for 
fast patient removal; 

 

– availability  of  emergency  personnel  (e.g.  ambulance  personnel,  on-site  fire  emergency 
response teams and on and off-site security); 

 

– instructions  and  information  provided  to  fire  departments  and  police  departments  (to  be 
provided before an actual emergency as described in the operating manual), including the 
need for an extra check whether the magnetic field is still present or not; 

– rescue exercises performed with the respective personnel; 

 operating  personnel  should  be  trained  in  overseeing  the  evacuation  of  the  MR  suite  and 
adjacent rooms; 

 

– Personnel should only return to the MR suite after the situation  is  back  to normal,  that  is, 
noises  have  stopped  and  vision  is  no  longer  obstructed.  For  safety  reasons,  all  rooms 
should be thoroughly aired; windows and doors to the outside should be open. Usually the 
air conditioning system will provide for effective air exchange. 
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If persons are present in the magnet room, consider the following. 
 

– Standard   scenario:   the  QUENCH   line   works   as   planned.   The   PATIENT   can   be   easily 
removed. Contact with cryogenic parts is prohibited. 

– Small leaks: these would lead to small clouds of fog that clearly remain above head level 
and are  visibly removed  by the heating  and air  conditioning system. W hite  fog-like clouds 
may sink to the floor. These clouds consist of cold air and do not lead to oxygen depletion. 
In this case, overpressure is not present. There is no risk of suffocation for either PATIENT 

or  personnel.  The  PATIENT   can  be  removed,  either  immediately  or  after  a  few  minutes 
depending  on  the  PATIENT’S   reaction  to  the  situation.  Contact  with  cryogenic  parts  is 
prohibited. 

– Partial or complete failure of the QUENCH  line: large fog-like clouds are present that may 
impair  visibility.  PRESSURE  in  the  examination  room  will  increase.  All  persons  inside  the 
room  or  entering  to  help  with  rescue  are  in  danger.  During  a  complete  failure  of  the 
venting   system   of   the   superconducting   magnet   inside   the   examination   room,   the 
examination room would be quickly filled with cryogenic helium gas. 

 

As  a  rule,  rescue  personnel  should  not  work  alone,  but  rather  in  groups  of  two  or  more 
persons. 

 
Usually,  the  strongest  gas  flow  occurs  within  the  first  few  minutes  and  will  subsequently 
subside.  However,  the  course  of  gas  flow  is  not  fully  predictable,  since  at  the  time  of 

occurrence the type of error in the QUENCH  line is generally not fully known. 

 
Prior to opening the door to the examination room, all available doors and windows should be 
opened to ensure sufficient ventilation. All personnel in the vicinity of the system  who are not 
needed for rescue activities should leave prior to the rescue of the PATIENT  in the examination 
room.  W hen  opening  the  door,  possible  overpressure  in  the  room  should  be  factored  in  as 

follows: 
 

 If  the  door  opens  outward  in  the  direction  of  the  control  room,  the  door  may fly open  due 
to  overpressure.  The  OPERATOR  should  be  aware  of  this  possibility  so  injuries  caused  by 
the unexpected opening of the door can be avoided. 

 

– If  the door  opens inward in the direction of  the  examination room, it may be impossible  to 
open it due to the overpressure in the room. In this case, existing windows and emergency 
flaps   should   be   opened.   The   overpressure   may   lead   to   windows   or   flaps   swinging 
unexpectedly.   If   there   are   no  emergency  openings,   the  observation  window  may  be 
smashed.  However,  the  resulting  glass  splinters  may injure  rescue  personnel.  Depending 
on  the  construction  and  the  thickness  of  the  window,  the  USER  has  to  provide  suitable 
tools for breaking the window. 

 

After  opening  the  door  to  the  examination  room,  the  helium  gas  may  escape  to  adjacent 
rooms,  endangering  the  safety  of  the  rescue  personnel.  It  is  possible  to  check  the  oxygen 
levels  in  the  air  with  an  oxygen  monitor.  A  gas  mask  does  not  protect  against  oxygen 
displacement  by  the  helium  gas.  An  air  tank  is  necessary  in  order  to  remain  in  a  facility 
subject  to  escaping  helium.  In  addition  to  the  risk  of  suffocation  there  is  also  the  additional 
risk of hypothermia or frostbite. 
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Since  the  helium  gas  warms  up  quickly  and  spreads  downward  from  the  ceiling,  a  rescue 
worker  standing  upright  is  exposed  to  greater  danger  than  a  PATIENT  lying  on  the  PATIENT 

SUPPORT. There may be more air nearer to the floor. A rescue worker may gain time by going 
down on hands and knees to take breaths of air. 

 
After  the  PATIENT   has  been  removed  from  the  examination  room,  no  personnel  should  be 
present  in  the  vicinity  of  the  MR  SYSTEM  until  the  QUENCH  has  been  stopped  and  ventilation 
has been ensured. 

 

 
After  a  QUENCH,  the  service  procedure  as  described  in  the  ACCOMPANYING  DOCUMENTS  has  to 
be  performed.  The  maintenance  personnel  should  be  informed  immediately  to  put  the  MR 

SYSTEM  back into operation. 

 
Concerning 26 Vibration and noise 

 
The  high  rates  of  change  of  current  passing  through  the  gradient  coils  in  a  static  magnetic 
field  produce  vibrations  in  the  audible  frequency  range.  These  are  often  manifested  as  loud 
"knocking" sounds. 

 
Sudden hearing loss can be caused by short very loud noises, such as these knocks, in which 
the  relevant  safety  parameter  is  the  peak  sound  pressure  level,  measured  in dB  relative  to 

20 μPa. 

 
The limit  on peak  sound pressure level of  140 dB has  been taken from  current  internationally 
accepted  values.  It  is  difficult  to  predict  under  what  circumstances  the  MR  EQUIPMENT   will 
produce  the  worst  case  situation  with  respect  to  acoustic  noise  production.  It  may  very  well 
happen  that  due  to  the  frequency  response  characteristics  of  the  MR  EQUIPMENT   the  worst 
case  acoustic  noise situation  is  found for  a clinical protocol (which by coincidence stimulates 
the  MR  EQUIPMENT   at  a  mechanical  resonance  frequency  and  consequently  produces  more 
acoustic noise). 

 
Concerning 36 Electromagnetic compatibility 

 
W ithin the  CONTROLLED  ACCESS  AREA  the MR  SYSTEM  will  generally not  comply with the current 
requirements  for  radio  frequency  emission.  These  requirements  are  primarily  intended  to 
protect radio communication and are laid down in International Standards such as CISPR 11. 

Permissible  limits  for  radio frequency emission  are  in  the range  of  30 dBμV/m  to  50 dBμV/m. 
It   is   proposed   that   in   coming   standard   emission   levels   for   MR  EQUIPMENT,   COMPUTED 

TOMOGRAPHY  equipment  and complex X-RAY  EQUIPMENT  be measured at the boundaries  of  the 

room or of the building. 

 
IEC  standards  on  EMC  are  in  preparation  which  deal  with  the  immunity  for  radio  frequency 
fields of medical equipment. It is expected that immunity will be required for the general case 
of fields up to 1 V/m or 3 V/m and for special cases, such as lifesustaining and some PATIENT 

monitoring equipment, at fields up to 10 V/m or 100 V/m. 
 

 
Actually,  within  the  CONTROLLED  ACCESS  AREA  around  the MR  EQUIPMENT,  radio frequency field 
strengths  may  easily  exceed  these  limits  and  can  have  values  in  excess  of  100 V/m.  It  is 
clear,  that  peripheral  equipment  used  in  the  CONTROLLED  ACCESS  AREA  might  be  disturbed  by 
this field. 
 
 
 
 
 
 
 

L
ic

e
n

s
e

d
 t

o
 S

T
A

N
D

A
R

D
S

 M
A

L
A

Y
S

IA
 /

 S
in

g
le

 u
s
e

r 
lic

e
n

s
e

 o
n

ly
, 

c
o

p
y
in

g
 a

n
d

 n
e

tw
o

rk
in

g
 p

ro
h

ib
it
e

d



© STANDARDS MALAYSIA 2009 – All rights reserved 

 141 MS IEC 60601-2-33:2009 
 

Concerning 51 Protection against hazardous output 
 

 
The  time  var ying  (gradient)  field,  radio  frequency  field  and  static  magnetic  field  generated 
by  MR  EQUIPMENT  may  influence  physiological  functions  to  an  extent  that  safet y  measures 
are  required.  The  recommendations  given  are  based  on  current  scientific  knowledge  and 
technical   understanding.   Existing  guidelines  have  been  considered  in  establishing  these 
recommendations. W hen new evidence becomes available revisions may be necessary. 

 
Diagnostic  MR   EXAMINATIONS   usually  can  be  completed  within  about  one  hour.  Therefore 
considerations  are  concerned  with  effects  of  exposure  of  PATIENTS  for  periods  of  about  one 

hour with emphasis on immediate (acute) adverse reactions. 

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

 

1) Introduction 
 

Time-varying  magnetic  fields  induce  an  electric  field  E  in  accord  with  Faraday's  law.  The 
switching  of  gradient  coils  in  the MR  EQUIPMENT  presents  a  time-varying  magnetic  field  (dB/dt 

or  B& ),  so that  the  body of  the PATIENT  is  exposed  to the  induced  electric  field.  This  field can 
affect  excitable  tissue  with  thresholds  that  are  frequency  dependent.  At  frequencies  above 
10 kHz,  higher  fields  are  required  for  an  effect  [84].  The  electric  field  in  turn  induces  an 
electric current and this will cause heating according to Ohm's law. In practice, heating effects 
by GRADIENT OUTPUT  are not of concern. 

 

 
In  the  simple  case  of  a  uniform  time-varying  magnetic  field  and  a  cylindrical  body  of  uniform 
conductivity  with  its  axis  parallel  to  the  magnetic  field  B,  the  electric  field  E  is  directed  along 
circular  paths  perpendicular  to  B.  Therefore  its  magnitude  is  proportional  to  the  radius  of  its 
path. As a consequence, the levels of concern depend on the size of the gradient system and 
the  extent  of  the  conducting  medium.  Tissue  stimulation  occurs  more  easily  when  the  time 
varying gradient field is generated in large gradient systems. 

 
2) Safety concerns 

 
The primary concern with respect to GRADIENT  OUTPUT  is cardiac fibrillation and stimulation of 
peripheral  nerves.  Cardiac  fibrillation  is  the  most  serious  event  because  it  is  an  immediately 
life-threatening  condition.  Stimulation  of  nerves  is  of  concern  because  strong  stimuli  may  be 
experienced  as  intolerably  painful.  These  phenomena  of  concern  occur  at  supra-threshold 
levels of cardiac stimulation (CS) and peripheral nerve stimulation (PNS). 

 
A  secondary  concern  is  heating  of  the  PATIENT.  Although  heating  by  the  induced  electric 
currents presently is low, it is additive to that caused by the RF exposure in the MR  EQUIPMENT 

and the concern relates to the combined effect of the two heating sources. 
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3) Excitation models 
 

The  theoretical  spatial  extended  non-linear  node  (SENN)  nerve  model  of  Reilly  [85]  predicts 
that  threshold  conditions  for  nerve  stimulation  can  be  well  described  by  the  local  electrical 
field strength E at the end point of the nerve, parallel to its direction and by the duration of the 
stimulus  ts.  At  long  stimulus  duration,  the  threshold  field  asymptotically  reaches  its  lowest 
level  Emin  and  at  short  stimulus  duration,  the  threshold  is  proportional  to  the  product  of  Emin 

and 1/ ts. 

 
Reilly suggested that the threshold function of ts can be approximated by an exponential form as 

 

 

E
TH 

=  
Emin 

 

1  exp( ts 

 
t
c 
) 

 

(BB 5) 

 

 
From  the  model,  the  minimum  value  in  humans  of  the  threshold  Emin  for  cardiac  stimulation 
and   PNS   for   monopolar   rectangular   electrical   stimuli   is   estimated   to   be   6,2 V/m.   The 
experimental  values  for  the  time  constant  tc   range  between  about  0,12 ms  and  0,8 ms  for 
PNS.  For  cardiac  stimulation  this  range  is  1 ms  to  8 ms,  and  Reilly  suggests  3 ms  as  a 
representative value. 

 
An alternative to the exponential relation of  equation (BB 5)  has  been proposed that  allows  a 
more  accurate  description  of  experimental  data  [86,  87].  This  alternative  function  shows  the 
threshold to have a hyperbolic dependence on stimulus duration, as: 

 
ETH = rheobase (1+chronaxie / ts) (BB 6) 

 

In this equation rheobase is the low frequency limit of the threshold stimulus and chronaxie is 
the characteristic reaction time of the nerves under consideration. As in equation (BB 5), ts  is 
the duration of the stimulus. The equation holds for unipolar rectangular stimuli. As discussed 
below, recent experiments establish that PNS by gradient fields is accurately characterized by 

equation (BB 6) using a chronaxie of 360 μs [89, 90, 91]. 

 
Schaefer  [88]  pointed  out  that  in  comparison  to  the  exponential  relation  of  equation  (BB 5), 
the  hyperbolic  expression  of  equation  (BB 6)  is  also  better  suited  for  a  fit  to  the  theoretical 
values  of  the  threshold  from  Reilly's  SENN  model.  Thus,  equation  (BB 6)  is  used  here  to 
describe limits for peripheral nerve stimulation. 

 
4) Physiologic limits for cardiac and peripheral nerve stimulation and heating 

 
Reilly [85] compared a variety of studies of electrical stimulation in animals. He observed that 
the   cardiac   fibrillation   thresholds   are   log-normally   distributed   with   the   most   sensitive 
percentile  about  factor  two  lower  than  the  median.  Moreover,  he  estimates  that  in  a  given 
animal the stimulation threshold (onset of ectopic beats) will be 40 % of the cardiac fibrillation 
level.  By  extrapolation  to  humans,  he  assumes  the  human  stimulation  threshold  from  his 
SENN  model  is  20 %  of  the  human  mean  fibrillation  level.  Reilly  estimated  that  a dB/dt  of 
(71,3;  72,1;  50,8) T/s  for  switching  of  the  (x,  y,  z)  gradients  is  needed  to  achieve  an  electric 
field  in  the  heart  of  6,2 V/m,  his  estimate  for  the  rheobase  field  for  stimulation  for  the  most 
sensitive 1-percentile. 
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Bourland et al. [90] reported a median cardiac stimulation threshold in the dog for switching of 

the HF gradient in excess of 2 700 T/s at a ramp duration of 530 μs. W ith a cardiac nerve time 
constant  of  3 ms  this  corresponds  to  an  asymptotic  value  of  the  stimulation  level  of  440 T/s. 
From  calculations  considering  dog  and  human  physiology,  a  unit  of dB/dt  along  the  length  of 
the  subject  induces  an  electric  field  in  the  human  heart  2,81  times  greater  than  in  the  dog 
heart   so   that   for   humans   an   asymptotic   stimulus   level   of   156 T/s   is   inferred   and   the 
1-percentile level expected at 78 T/s, in reasonable agreement with Reilly’s estimate. 

 
The  limit  used  in  this  standard  to  avoid  cardiac  stimulation  incorporates  a  safety  factor  3 
below  the  1-percentile  threshold.  It  is  based  on  the  SENN  model  and  the  experimentally 
determined  cardiac  excitation  threshold  level.  W ith  the  assumptions  given,  this  limit  would 

correspond to a likelihood for cardiac stimulation that  is less than 210–9. In addition, it turns 
out  that  the  peripheral  nerve  stimulation  limit  given  in  this  standard  is  below  the  cardiac 
stimulation limit for all stimulus durations of practical interest. 

 
In  the  Purdue  study  of  Bourland  et  al.  [90]  on  84  subjects  the dB/dt   needed  for  lowest 
percentile  of  uncomfortable  stimulation  is  approximately  equal  to  the  median  threshold  for 
PNS  for  switching  of  the  gradient  in  both  the  anterior-posterior  (AP)  and  head-foot  (HF) 
gradient  directions.  The  lowest  percentile  for  intolerable  stimulation  occurred  at dB/dt  about 
20 %  above  the  median  PNS  threshold.  Painful  stimulation  is  not  only  a  source  of  serious 
discomfort; it is also associated with involuntary muscle contraction, so that cooperation of the 
PATIENT  and  efficacy  of  the  examination  is  seriously  compromised  at  this  level.  Intolerable 
stimulation  clearly  is  the  endpoint  in  that  respect.  In  addition  the  reaction  of  the  PATIENT  in 
such  a  situation  constitutes  a  further  safety  risk.  So,  in  this  standard,  the  mean  stimulation 
level  is  chosen as  the limit for  the  FIRST  LEVEL  CONTROLLED  OPERATING  MODE  and  80 %  of  this 
is selected as the limit for the NORMAL OPERATING MODE. 

 
5) The relation between E-field and dB/dt in the MR  EQUIPMENT 

 

The  translation  of  E  field  limits  into dB/dt  limits  requires  knowledge  of  the  relation  between 

these parameters in the typical geometry of the PATIENT  and gradient system. 

 
The  electric  field  E  induced  by  the  gradient  system  in  the  body  is  related  to  the  spatial 
distribution of dB/dt  and to the body geometry. For any closed trajectory l that circumscribes a 
surface S, the basic physics equation is 

 

∫  E  ⋅  d l =     ∫  d t
    d 

S 

(BB 7) 

 
It  can  be  solved  when  the  boundary conditions  are specified.  As  an  illustrative simplification, 
the  PATIENT  may  be  represented  by  a  homogeneously  conducting  prolate  rotational  ellipsoid 
with  semi-major  axial  length  a  and  semi-minor  axial  length  b   and  the  space  outside  the 
PATIENT  by a  isolating medium. W hen a spatially homogeneous  time varying magnetic  field is 
applied perpendicular to the major axis of this ellipsoid, the maximum value of E  occurs in the 
mid-plane  of  the  ellipsoid,  along  its  perimeter.  It  follows  that  this  perimeter  is  the  locus  at 
which PNS is expected to occur first. Reilly [85] points out that at that position 

 

|  E  | =  a 2 b /(a 2  + b 2 )  dB / dt 

(BB 7a) 
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W hen  the  ellipsoid  has  semi-axial  lengths  a  =  0,4  m  and  b  =  0,2  m,  representing  the  cross- 

section of the PATIENT  with a field in the AP direction, the resulting relation is 
 

 
 

 
where 

E    =   
0,16 

d B  / d t (BB 7b) 

 

E is in V/m, and 

dB/dt is in T/s. 
 

W hen the time varying magnetic field is  parallel to the major axis of  the ellipsoid, a case that 
represents a field in the HF direction, the induced electric field is parallel to its circular cross- 

section with radius b  = 0,2 m, in which case 
 
 

E   =  0,10 d B  / d t (BB 7c) 

 
where 

E is in V/m, and 

dB/dt is in T/s. 
 

In  reality,  the  field  from  the  gradient  system  in  the  MR  EQUIPMENT  is  inhomogeneous.  W ithin 
the  gradient  system,  the  spatial  maximum  value  of dB/dt  at  the  periphery  of  the  PATIENT  is 
higher  than  the  average  of dB/dt  over  his  body.  Recent  calculations  with  a  morphologically 
realistic  human  model  report  that  the  factors  in  equations  (BB 7b)  and  (BB 7c)  are  0,11  and 
0,08,  respectively,  for dB/dt  taken as  the maximum  value at  a radius  of  0,2 m.  Similar  values 
were   reported   by   Botwell   and   Bowley   [92].   They   calculated   the   currents   induced   in   a 
conducting cylinder of radius 0,195 m within an imager. From results presented in their paper, 
values  of  E/(dB/dt)  (dB/dt  being  the  maximal  value  at  r  =  0,195  m)  can  be  determined.  
For switching  of  the  transverse  gradient,  the  ratio  is  0,121  and  the  ratio  is  0,087  for  
switching  of the longitudinal gradient. Note that the local maximal electric field will be perhaps 
greater by a factor  of  2  if  the  model  considers  non-homogeneous  conductivity,  such  as  
would  arise  from 
inclusion of bone. 

 
The  translation  of  equation  (BB 6)  into  an  expression  for  the  threshold  value  of dB/dt   is 
possible when its value is related to a specific representative location. A characteristic feature 
of  the  gradient  wave  form  in  an MR  EQUIPMENT  is  its  repetitive  bipolar  shape.  For  a  trapezoid 
gradient  wave form  as shown  in figure 102, the induced E  field will be a series  of  rectangular 
stimuli with alternating sign. The stimulus duration ts  of a bipolar ramp in a trapezoid gradient 
wave form with maximum amplitude Gmax follows from 

 

 

t s  = 
 
 
 
 
 
 
 
 
 
 
 

 

2Gmax 

G& 
 
 

 

(BB 8) 
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6) Instrumentally defined limits for CS 

 
In   this   standard,   equation   (BB 6)   is   used   to   convert   the   physiological   limit   for   cardiac 
stimulation  as  discussed  in  item  4.  The  cardiac  time  constant  tc  is  assumed  to  be  3 ms. 

Reilly's  value  of  the  one  percentile  threshold  electric  field  is  used  as  the  cardiac  stimulation 
electric  field  rheobase  rbc.  Equation  (BB 7c)  is  used  to  convert  from  electric  field  rheobase 
to dB/dt  rheobase.  The  safety  factor  3  introduced  in  item  4  is  used.  The  limit  protecting 

against cardiac fibrillation becomes: 
 

 

L  =   
rbc 
3 

1 

1  exp(t s  / tc ) 

 

(BB 9) 

 

 
where rbc = 6,2 V/m  or  62 T/s 

 
7) Direct demonstration of gradient output limits for PNS in whole body MR  EQUIPMENT 

 
This  standard  describes  a  number  of  approaches  to  obtain  MR  EQUIPMENT  specific  values  of 
threshold  PNS.  These  are  discussed  in  this  and  in  the  next  items.  In  establishing  limits  for 
PNS, this standard allows experimental assessment of thresholds as a basis for determination 
of  limits  (direct  determination).  The  direct  determination  requires  experimental  work  with 
volunteers in a representative model of the GRADIENT UNIT. Based on the assumed validity of a 
hyperbolic  relation  between  threshold  and  ramp  time,  a  possible  approach  for  the  direct 
demonstration  is  to  establish  a  rheobase  and  a  chronaxie  based  on  the  test  for  a  limited 
number  of  ramp  times  and  generate  recursion  relations  for  each  ramp  time  used.  Further 
modelling may be used to limit the number of waveforms actually tested. One example of such 
modelling is given in item 16. 

 
Limits   derived   from   the   experimental   work   with   volunteers   must   obey   the   physiological 
requirements  as  listed  in  item  4.  The  workload  from  such  a  direct  demonstration  may  be 
excessive,  and  for  some  important  waveforms,  the  standard  provides  numerical  limits  as  an 
alternative, discussed in items 8-14. 

 
8) Numerically defined default limits for PNS 

 
Direct  demonstration  of  PNS  limits  is  not  always  feasible.  To  offer  an  alternative  in  such 
cases,  this  standard  provides  numerically  defined  default  limits  for dB/dt  and  for  E.  These 
limits  are  based  on  three  volunteer  studies  in  which  the  MR  EQUIPMENT  was  used  to  obtain 
PNS.  The results  of  these studies  are  published  by Ham  et  al.  [89],  Bourland  et  al.  [90],  and 
Hebrank  et  al.  [91].  In each of  these publications, threshold PNS was  observed as  a function 
of dB/dt  and  pulse  duration  in  volunteers  exposed  to  switching  of  the  gradients  in  a  WHOLE 

BODY  GRADIENT  SYSTEM  in cylindrical W HOLE  BODY  MAGNETS. Although the dB/dt  values  used in 

these  publications  to  express  threshold  PNS  were  not  directly  comparable  and  details  of  the 
gradient  waveforms  differed,  comparison  of  the  results  of  these  authors  could  be  obtained. 
The   comparison   makes   use   of   some   unpublished   details   collected   for   the   purpose   of 
establishing  a  basis  for  the  PNS  limits  used  in  this  standard.  The  comparison  basis  is 
summarized  in  item  9.  Gradient  output  limits  for  whole  body MR  EQUIPMENT  on  this  basis  are 
derived in item 10. 
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9) Comparison basis for gradient output 
 

The  basis  used  to  compare  the  experimental  work  [89,  90,  91]  is  the  following:  All dB/dt 
values   were   recalculated   to dB/dt,   the   spatio-temporal   maximum   of   the   modulus   value 
of dB/dt, occurring on the wall of  a cylinder of  0,2 m, coaxial to the magnet. This  volume was 
chosen  to  represent  the  volume  normally  accessible  to  the  PATIENT.  All  gradient  waveforms 
used  were  EPI  waveforms  with  trapezoid  shape.  The  direction  of  the  switched  gradient  was 
anterior  posterior  (AP)  in  two  of  the  three  publications,  and  the  result  of  all  GRADIENT  UNITS 

driven simultaneously in the third [89]. In this publication the thresholds for an AP direction of 
the  switched  gradient  could  be  obtained  by  regression.  The  flat  tops  of  the  waveforms  were 
0,3 ms in Bourland [90], 0,4 ms in Ham [89] and 0,5 ms in Hebrank [91]. These differences in 
flat top duration were assumed to be of second order influence and were neglected. The width 
of  the  distributions  of  individual  thresholds  could  be  evaluated  for  two  of  the  three  studies 
[90,  91],  because  in  these  studies  a  large  number  of  volunteers  participated.  The  observed 
standard  deviat ions  expressed  as  a  f raction  of  the  m ean  were  f ound  to  be  of  sim ilar  size 
in  both  studies  and  a  value  of  0,24  was  adopt ed  to  def ine  the  conf idence  regions  of  the 

m ean thresholds. 

 
W hen  for  a  ramp  time  the  threshold  could  not  be  reached  for  all  subjects,  because  of 
technical  limits  of  the  gradient  system,  the  trimmed  mean  was  used  as  an  estimator  for  the 
mean.  In  a  case  where  c  highest  thresholds  from  N  volunteers  could  not  be  observed,  this 

statistic is defined as the average over the central fraction N  2c of the ordered thresholds. 

 
10)  Experimental data on PNS threshold of human volunteers in whole body 

MR  EQUIPMENT 

 
The  results  of  the  experimental  values  converted  on  the  comparison  basis  as  described  in 
item   9   are   given   in   figure   BB.2.   The   data   are   shown   to   be   consistent,   although   the 
MR  EQUIPMENT   used  were  of  different  MANUFACTURERS   so  that  differences  in  design  of  the 
gradient  hardware  were  present.  A  single  hyperbolic  threshold  stimulation  function  according 
to equation (2) is obtained by fitting to all data points, with statistical weight to each data point 
that takes into account the number of volunteers examined in each of the quoted reports. The 
obtained value of rheobase is 

 

rb = 19,7 ± 1 T/s, 
 

which is in this standard rounded to 20 T/s. The chronaxie is tc  = 0,36 ms. 
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Double  logarithmic   plot   of   experimental  threshold  values   for  peripheral  nerve  stimulation   with  trapezoid  EPI 
waveforms, versus ramp time ts  (◊  Ham  [89], + Bourland [90],   x Hebrank [91]). In all experiments the data hold for 
the  AP  orientation  of  the  direction  of  the  switched  gradient.  The  threshold  values  are  expressed  as dB/dt,    the 
spatio-temporal  maximum  of  the  modulus  of dB/dt  on  a  cylindrical  surface  coaxial  to  the  magnet,  with  a  radius  of 

0,2 m.  The  solid  line  is  the  hyperbola  fitted  to  all  data  points,  with  a  statistical  weight  per  point  that  reflects  the 
number  of  volunteers  tested  in  each  of  the  quoted  reports.  The  characteristic  parameters  of  the  hyperbola  are  the 
rheobase rb  = 19,7 T/s and the chronaxie tc  = 0,36 ms (see equation (2)). 

 
Figure BB.2 – Experimental data on PNS threshold of human volunteers 

in WHOLE BODY MR  EQUIPMENT 

 
 

11)  Experimental data on PNS threshold other than trapezoid waveforms 
 

The threshold  of dB/dt  is  seen to depend on the stimulus  duration ts.  For  gradient  waveforms 

that are not trapezoidal, the stimulus duration has no unique definition. Harvey et al. [93] and 
Mansfield  [94]  showed  that  the  thresholds  for  sinusoid  waveforms  become  very  nearly  equal 

to  those  for  trapezoids  when  in  a  sinusoid  waveform B(t )  = Bmax sin( 2πt / T ) the  EFFECTIVE 

STIMULUS DURATION is defined as the ratio of amplitude and maximum rate of change: 

 
t
s, eff 

=  2Bmax  / B
& (0) =  T / π (BB 10) 

 

 
Frese  et  al.  [95]  com pared  AP  directed  trapezoid  and  sinusoid  wavef orms  in  the  sam e 
MR  EQ UI PMENT .  Figure  BB.3  illustrates  the  fit  obtained  when  plotted  as  function  of  ts,eff.  The 
example  demonstrates  the  validity  of  its  use.  In  this  standard,  ts,eff  will  be  used  to  describe 
effective stimulus duration. 
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The  wave  forms  are  trapezoid  EPI  (+)  and  sinusoid  EPI  waveforms  (◊).  They  are  displayed  versus  the  effective 
stimulus  duration   ts,eff.  data  from  Frese  [95].  The  data  hold  for  the  AP  orientation  of  the  switched  gradient.  The 
threshold  values  are  expressed  as  the  spatial  maximum  of  the  modulus  of dB/dt  on  a  cylindrical  surface  coaxial  to 
the  magnet,  with  a  radius  of  0,2  m.  The  solid  line  is  the  hyperbola  fitted  to  all  data  points,  identical  to  the  one 
shown in figure BB.2. 

 

Figure BB.3 – Double logarithmic plot of experimental threshold values 
for peripheral nerve stimulation 

 

 
12)  Experimental data on PNS threshold values depending on the orientation of the 

body of the patient with respect to the direction of the switched gradient 
 

The  value  of  rheobase  as  a  function  of  the  direction  of  the  switched  gradient  was  obtained 
experimentally in W HOLE BODY MR  EQUIPMENT. For the HF-gradient coil, the Purdue study on 84 
volunteers  reports  a  rheobase  of  29,5 T/s  and  chronaxie  of  0,36 ms.  Note  that  in  those 
experiments,  a  single  winding,  which  reproduces  a  magnetic  field  pattern  at  each  end  of  an 
actual   HF-gradient   coil,   was   used   to   simulate   the   stimulating   effects   of   switching   the 
HF-radient.   The   subject   was   longitudinally   positioned   for   lowest   PNS   threshold.   This 
experiment  shows  that  the  PNS  threshold  for  Head-Feet  (HF)  gradient  directions  in  such 
MR  EQUIPMENT   is  higher  than  for  the  AP  direction,  with  a  ratio  for  AP  and  HF  gradient 
directions  of  0,66.  Between  LR  and  AP gradients  a similar  difference  in  threshold  exists. The 
data  on  10  volunteers  of  Budinger  [96], who  inspected  these  thresholds  by  rotating  the 
gradient coil with respect to the volunteers, show a ratio between the thresholds of AP and LR 
gradients of 0,8. In view of these results, this standard allows weight factors for calculation of 
the GRADIENT OUTPUT  of HF and LR gradient that equal wHF  = 0,7 and wLR  = 0,8. 

 
13)  Nerve stimulation in case of the combination of waveforms 

from more than one gradient unit 
 

The MR imaging sequence always contains a combination of gradient waveforms from all three 
GRADIENT UNITS. 

 
The  strongest  stimulation  will  occur  when  all  coils  are  driven  simultaneously  with  identical 
waveforms at maximum GRADIENT  OUTPUT. At each moment in the space around the magnetic 
isocentre   the   value   of   total   rate   of   change   (dB/dt)total    will   be   the   vector   sum   of   the 

contributions  (dB/dt)i  from  each  GRADIENT  UNIT  i.  Note  that  the  induced  electric  field,  which  is 
believed to be the mechanism for stimulation, will similarly be due to the vector addition of the 
electric  fields  Ei   arising  from  each  switching  gradient.  The  value  of  (dB/dt)total   will  be  a 
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function of space in a way that depends strongly on the octant as defined by the gradient co- 
ordinate   system.   The   largest   values   will  occur   in   the   octants   in   which   the   direction   of 

(dB/dt)total  and that  of  each (dB/dt)i  are  at  angles  smaller than  90°. This condition  will always 
exist  in  two  of  the  octants,  and  during  a  combination  of  complex  waveforms  in  which  the 
gradients  change  sign,  this  worst  case  condition  will  switch  to  other  octants.  W ithin  a  worst 
case  octant,  the  spatial  maximum  value  of  (dB/dt)total  is  smaller  than  the  sum  of  the  spatial 
maxima  of  (dB/dt)i,  because  these  latter  maxima  do  not  occur  at  the  same  point.  Moreover, 

even  in such  an  octant the  vector directions of  (dB/dt)i  at the  position of  maximum  (dB/dt)total 

are not completely parallel. 

 
Therefore, in the case considered, (all coils driven simultaneously with identical waveforms at 
maximum dB/dt) the joint effect on stimulation is less than the  linear sum  of the effects of the 

individual coils. 

 
This standard assumes that the effect of simultaneous switched gradients can be represented 

by a weighted quadratic summation of the (dB/dt)i  of the individual GRADIENT  UNITS. W eighting 
factors are as given in item 12. 

 

 
W hen  the  stimulus  duration  ts   of  the  three  gradients  at  maximum  drive  are  not  the  same, 
quadratic  addition  can  still  be  meaningful,  but  the  common  limit  has  to  be  replaced  by  the 
individual limits for each stimulus duration ts. 

 
In  MR  EXAMINATION  sequences  with  simultaneous  waveforms  at  maximum  amplitude  of  each 
gradient  is  a  rare  event,  so  the  assumption  of  its  occurrence  is  a  conservative  one.  More 
realistic  estimates  of  the  threshold  for  partially  simultaneous  waveforms  from  different  coils 
can  be  obtained  by  more  exacting  models  that  take  into  account  the  shape  of  each  wave- 
form. An example of such a model is described in item 16. 

 
14)  Limits for PNS for whole body gradient systems 

 
As  stated  in  item  4,  the  limit  of  the  first  controlled  operating  mode  is  that  GRADIENT  OUTPUT 

that  gives  threshold  PNS.  This  physiological  definition  can  be  restated  quantitatively:  for 
W HOLE  BODY  GRADIENT  SYSTEMS  this  limit  is  based  on  the  threshold  values found for switching 

of AP gradients in item 10. 

 
It  is  a  limit  that  holds  for  the  maximum  GRADIENT  OUTPUT  of  a  gradient  system  with  a  given 
wave-form. 

 

– The  maximum  GRADIENT  OUTPUT  of  the MR  EQUIPMENT  is  assumed  to  be  caused  by the 
simultaneous  output  of  all  GRADIENT  UNITS,  each  at  its  maximum  slew  rate  and  at 
maximum gradient amplitude. It is measured as the spatial maximum modulus value of 
GRADIENT OUTPUT occurring in a COMPLIANCE VOLUME. 

 

– The  COMPLIANCE  VOLUME   is  defined  in  the  standard.  Its  dimensions  are  assumed  to 
exclude the region where the large diameter body parts of the PATIENT  are not normally 
present, and it may be smaller than the actual space accessible to the PATIENT. 

– The  dependence  includes  the  stimulus  duration  correction  for  thresholds  between 
sinusoids and trapezoids from item 11. 

– The   simultaneous   output   is   derived   from   inspection   of   the   GRADIENT   OUTPUT    of 

individual  GRADIENT  UNITS,  using  the  orientation  dependant  threshold  ratios  wi   from 
item 12 and the quadratic summation rule of item 13. 
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This results in 
 
 

∑(widB / dti )
2
 < 20  (1 + 0,36 / ts ) (BB 11) 

 

 
dB/dt  values can be obtained by calculation or by testing. Calculation is possible from the coil 

geometry and current distribution by use of Biot-Savart’s law: 
 

 

v& &  v
 v   v v 

 

B(r ) =
 μ  I (r ' )  (r 'r )  dl ' 

∫ v   v 3 (BB 12) 
4π r 'r 

 
 

where dl' is an element of the coil windings at position r'. 

 
15)  Limits for PNS based on E field calculation 

 
For  gradient  systems  that  differ  in  size  from  W HOLE  BODY  GRADIENT  SYSTEMS,  the  information 
from   the  experimental  work   relating  GRADIENT   OUTPUT   to  threshold  PNS  in  W HOLE   BODY 

GRADIENT  SYSTEMS   is  not  directly  applicable.  This  is  because  this  relation  depends  on  the 
geometry  of  coil  and  PATIENT.  If  for  instance  a  gradient  system  only  exposed  heads  with  a 
radius of 0,1 m, then the GRADIENT OUTPUT limits from item 8 may be too restrictive by a factor 
of  about  2  (see  equation  (4a)).  For  the  wide  variety  of  gradient  systems  in  special  purpose 
MR  EQUIPMENT  (e.g. special MR  EQUIPMENT  for breasts, extremities or head, or special gradient 
system   designs   for   use   in   W HOLE   BODY   MR  EQUIPMENT    (such   as   gradient   systems   for 
microscopy,  heart  and  head),  this  standard  allows  the  use  of  limits  for  the  electric  field  E 
induced  by  switching  of  the  gradients.  The  rationale  is  that  E  is  the  quantity  that  directly 
relates to the physiological model described in item 3. 

 
Although  the  value  of  E  in  a  given  coil  and  PATIENT  geometry cannot  easily  be  measured,  its 
calculation  is  possible  from  the  coil  geometry  and  current  distribution  when  the  effects  of 
currents  induced  in  the  PATIENT  are  neglected.  The  electric  field  in  the  PATIENT  due  to  the 
switched gradients can then be expressed as 

 

 
E  =  ∂A / ∂t   ∇Φ (BB 13) 

 

 
where A  is the magnetic vector potential due to currents in gradient coils. The time derivative 

∂A / ∂t is calculated from 
 

 
 

E (r )  = 
 & 
A(r )  = 

μ  I&(r ′)dl ′ 
4π r   r ′ 

 
(BB 14) 

 

 
where 

 

I&  is the rate of change of the coil current and 

dl' is an element of the coil windings at position r'. 
 

The electrostatic potential Φ  is due to electric charge at the interfaces between discontinuities 
in   electrical   conductivity   (such   as   the   air-PATIENT   interface)   and   is   a   consequence   of 
conservation of electric charge. 
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The  electrostatic  potential  in  general  needs  to  be  calculated  with  a  computer  technique. 

A noteworthy special case in which Φ is zero is for a cylindrically symmetric z-gradient applied 

along  the  axis  of  a  conducting  cylinder.  In  this  case, E = ∂A / ∂t .  Equation  (BB 14)  is  valid 

for  a  complex  PATIENT  model.  A  useful  simplification  is  to  approximate  the  body  section  of 
interest as a cylinder or spheroid of uniform conductivity. 

 
In this standard the threshold for E  is assumed to have the hyperbolic shape of  the threshold 
function  of  equation  (BB 6),  with  chronaxie  of  0,36 ms  as  discussed  in  item  10  and  with  a 
rheobase   that   is   based   on   the   orientation   related   values   for dB/dt    and   the   Purdue 
computational results for the ratio between E  and dB/dt  (see item 4). It is emphasized that the 
electric  field  is  calculated  assuming  a  uniform  conductivity  throughout  the  PATIENT.  The  so 
obtained  rheobase  electric  field  is  2,16 V/m  for  switching  of  the  AP  gradient  and  2,4 V/m  for 
that  of  the  HF  gradient.  The  differences  in  these  two  values  is  not  regarded  to  be  significant 
and  thus  2,2 V/m  is  felt  to  be  a  good  estimate  for  the  electric  field  rheobase  for  PNS  by  a 
trapezoidal pulse train for all gradient orientations. Parallel to the argument for limits of dB/dt, 
the limit of  E  in the FIRST  LEVEL  CONTROLLED  OPERATING  MODE  is equal to the threshold value 

of  E. For the NORMAL  OPERATING  MODE  the  limit  is  reduced by the factor  0,8.  The  limit for  E  is 
valid for all types of MR  EQUIPMENT. The value of E  is the maximum occurring in a COMPLIANCE 

VOLUME  for a given gradient output. The statements parallels that of item 14, but 
 

– the COMPLIANCE VOLUME  is the entire space accessible to the PATIENT; 

–   the simultaneous output of the GRADIENT UNITS  may be derived by the quadratic summation 
rule  of  item  13,  but  orientation  dependent  weighting factors  are  not  allowed.  For  instance, 
for EPI waveforms with a stimulus duration ts,eff, this results in 

 

∑ (Et )
2
 < 2,2  (1 + 0,36 / ts,eff ) (BB 15) 

 

 
16)  A model for threshold values of PNS for complex waveforms 

 
A  hyperbolic  threshold  function  similar  to  equation  (BB 6)  and  with  rheobase  and  chronaxie 
defined in item 10 is valid for repeated bipolar rectangular stimuli (and for sinusoids, with use 
of  the  EFFECTIVE  STIMULUS  DURATION  defined  in  equation  (BB 11)).  In  order  to  deal  with  the 
complex  gradient  wave  forms,  such  as  often  used  in  MR   imaging,  an  extension  may  be 
desired,   because   for   such   a   waveforms   the   threshold   may   be   higher.   A   more   general 

threshold function can be found by regarding stimulus B& (t) which belongs to this waveform as 

a  series  of  Dirac  functions  that  cause  the  nerve  response  to  build  up  so  that  it  eventually 

reaches   threshold   [97].   From   equation   (BB 6)   one   can   express 

response for a single rectangular stimulus with duration ts  as 

Rrect ,   the   sub-threshold 

 

 

Rrect  = 
B& 

B&TH 
= 

B& ts 

rb (tc + ts ) 
(BB 16) 

 

 
Rrect can be considered as a function of ts. Its derivative with respect to ts  is 

 

 
dR&rect(ts) 

=  
B&  

 
tc 

 

(BB 17) 
d(ts) rb    (tc + ts)2 
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Equation  (BB 17)  describes  a  contribution  to  the  response  value  at  t  =  ts  of  a  Dirac-shaped 

addition to the stimulus at t  = 0 with value  B& . For the more general case, the increase in the 

response value ΔR(t) at time t from a Dirac shaped stimulus at time θ with strength B& (θ )  is 
 
 
 

dR(t )  = 
B&(θ )dθ 

rb 

tc 

(tc  + t   θ )2
 

 

(BB 18) 

 

 
The  total  value  of  the  nerve  response  R(t)  at  any  time  for  any stimulus 

obtained by convolution: 

B& (θ ) for  0  <  θ  < T  is 

 

1   
t 

B& (θ )  t
 

R (t )  = 
rb   ∫ 

0 

 
(t c 

d θ 
+  t   θ ) 2 

(BB 19) 

 

 
Figure  BB.4  shows  R(t)   for  a  simple  rectangular  stimulus.  Excitation  will  occur  when  the 
amplitude dB/dtmax  of  the  stimulus  causes  the  maximum  temporal  value  of  R(t)  to  be  larger 
than 1. 

 
As an example, for an Echo Planar Imaging (EPI) wave-form the complex stimulus is a series 
of rectangular stimuli with alternating sign in which the first stimulus in the series has half the 
duration  of  the  other  ones.  Flat  tops  of  the  gradient  waveform  correspond  to  time  intervals 
between  the  stimuli.  The  result  of  integration  of  equation  (BB  18)  for  this  case  is  shown 
graphically  for  PNS  in  figure  BB.5.  The  maximum  value  of  R(t)  is  reached  at  the  end  of  the 
first full duration stimulus. The figures suggest that the model can be used to derive threshold 
conditions for any waveform, given the threshold for a simple waveform. 

 
Predictions  of  the  model  are  compared  to  the  experiment  in  figures  BB.6  and  BB.7.  Figure 
BB.6 shows thresholds for trapezoid waveforms of the Purdue study (for details see item 10). 

Equation  (BB 19)  was  used  to  find  the  threshold  function  by  plugging  in  the  experimental 

trapezoid   waveform   into B& (θ ) .   Rheobase   rb   and   chronaxie   tc   (equation   (BB 19))   were 

adjusted  for  best  fit.  One  can  see  that  the  obtained  values  are  not  equal  to  rheobase  and 
chronaxie  found  for  the  same  dataset  in  item  10.  This  is  caused  by  the  difference  in  their 
definition:  in  equation  (BB  19),  rb  and  tc  are  defined  for  monopolar  rectangular  stimuli.  In 
addition,  figure  BB.6  shows  the  threshold  function  that  would  be  obtained  from  equation 
(BB 19)  for  the  same  rheobase  and  chronaxie,  but  for  a  sinusoid  waveform,  plotted  against 
the  EFFECTIVE  STIMULUS  DURATION   as  defined  in  equation  (BB 11).  The  model  is  shown  to 
support the use of this definition reasonably well. The model predicts that for both waveforms 
the  thresholds  will  be  equal  within  10 %  over  a  large  range  of  EFFECTIVE  STIMULUS  DURATION. 
Although  the  model  predicts  the  strong  drop  in  the  experimental  threshold  between  a  single 
half   period   and   a   continuous   sinusoid   experiment,   the   more   subtle   changes   found 
experimentally for sinusoids with a duration between 1 and 10 periods are not predicted. More 
extensive  models  are  needed  [91].  Their  SAFE  (Stimulation  Approximation  by  Filtering  and 
Evaluation)  model  applies  three  temporal  filters  to  the  gradient  wave-form  and  sums  the 
output.  The  filters  model  the  generation  of  action  potentials  within  nerve  cells  and  spread  of 
the  signal  via  synapses.  W hile  the  model  does  not  claim   to  describe  the  physiological 
behaviour,  it  does  predict  all  dependencies  of  the  stimulation  threshold  on  stimulus  duration, 
sinusoidal versus trapezoidal and number of gradient cycles. 

 
 
 
 
 
 

L
ic

e
n

s
e

d
 t

o
 S

T
A

N
D

A
R

D
S

 M
A

L
A

Y
S

IA
 /

 S
in

g
le

 u
s
e

r 
lic

e
n

s
e

 o
n

ly
, 

c
o

p
y
in

g
 a

n
d

 n
e

tw
o

rk
in

g
 p

ro
h

ib
it
e

d



© STANDARDS MALAYSIA 2009 – All rights reserved 

d
B

/d
t 

 165 MS IEC 60601-2-33:2009 
 
 

Figure  BB.7  shows  the  threshold  as  a  function  of  the  number  of  half  periods  of  a  sinusoid 

stimulus. The threshold was scaled to fit experimental data from Budinger [96]. 
 
 

 
B& (Θ) 

 

 
0 t T θ 

n(t – 
Θ) 

 
⊗ 

t 
 

R(t) 

 
 
 

⊗ symbolizes convolution. n(t ) = tc /rb (tc  + t)2
 

t 

IEC   1138/02 

 
Figure BB.4 – Response value R(t) generated by convolution of a rectangular 

stimulus dB/dt and a nerve impulse response function n(t-θ) 
 
 
 

 
1 

 
G 

 
R 

 

 
 

0 
 

 
 
 
 
 
 

–1 

 
0 0,5 1 1,5 

t   ms 
IEC   1139/02 

 
Vertical  axes  have  relative  units.  R  is  calculated  from  equation  (16)  with  tc   =  0,36 ms.  The  hatched  lines,  at  equal 

ordinate values, illustrate that the maximum nerve response is reached after the first negative ramp. 

 

Figure BB.5 – Gradient waveform G, stimulus waveform dB/dt and response value R, 
for a trapezoid EPI waveform starting at t = 0 
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The  lower  curve  is  for  trapezoid  waveforms;  it  is  obtained  by  fitting  to  experimental  data  (+)  of  Bourland  [90]  to 
equation (16). The obtained values of rheobase and chronaxie are 17,3 T/s and 0,3 ms. 

The upper curve is for a sinusoid waveform, using the same values of rheobase and chronaxie. 

 

Figure BB.6 – Threshold values dB/dt for two gradient waveforms, 
plotted against EFFECTIVE STIMULUS DURATION 
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NOTE    Experimental data of Budinger [96] included; solid line: from equation (19), matched at N = 64. 

 
Figure BB.7 – Threshold value of dB/dt for a sinusoid gradient waveform, 

as function of the number of half periods in the waveform 
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Concerning 51.103 Protection against excessive radio frequency energy 
 

Heating  is  a  major  consequence  of  exposure  to  the  radio  frequency  frequencies  used  in 
MAGNETIC  RESONANCE  (usually  greater  than  1 MHz).  Many  of  the  biological  effects  of  acute 
exposure  to  radio  frequency  are  consistent  with  responses  to  induced  heating  resulting  from 
rises  in  tissue  or  body  temperature  of  about  1 °C  or  more,  or  with  responses  for  minimising 
the total heat load [98]. 

 
The  radio  frequency  induced  heat  load  can  be  directly  related  to  the  SAR.  Other  important 
factors  which  influence  PATIENT  response  to  a  given  heat  load  include  the  air  temperature, 
relative  humidity,  air  flow  rate  and  the  degree  of  PATIENT  insulation.  W hile  local  and  WHOLE- 
BODY  SAR  limits  are  sometimes  useful  for  determining  the  level  of  concern,  temperature  rise 
is  the  primary  criterion.  For  this  reason  the  temperature  rise  criterion  is  included  in  this 
standard. 

 
Localised regions  of  heating or  "hot spots" may cause  local temperature rises.  It  is  important 
to screen PATIENTS  for contra-indicated implants, tatooes, etc. which could result in increased 
localized  heating  [2].  Power  absorption  increases  in  proportion  to  the  square  of  the  radial 
distance  from  the  centre  of  the  body [99]  and  the  electrical  inhomogeneity  of  the  body  alters 
current  flow  and  local  energy  absorption.  Studies  using  spherical  models  predict  that  worst 
case  "hot  spots"  would  be  produced  by  a  sphere  of  low  conductivity  (bone  or  fat)  located  on 
the outer edge of a large conductive sphere (e.g. muscle); a "hot spot" can occur with an SAR 
of  up  to  2,5  times  the  local  average  value  [100].  Calculations  based  on  a  heterogeneous 
mathematical  model  of  the  human  body  [101,  102]  suggest  that  localised  tissue  SAR  within 
the body could be up to 5 or even 8 times greater over small volumes compared to the whole 
body average value [103]. However, these relative increases are reduced to a factor of about 
2 to 4 when averaged over complete individual body organs [103, 104]. The probability of high 
localised  tissue  SAR  is  reduced  by  quadrature  excitation,  and  its  effects  are  moderated  by 
thermal diffusion and blood flow. 

 
Thermal effects arise because of the temperature sensitivity of most biological processes. The 
primary  concerns  regarding  radio  frequency  exposure  are  to  avoid  excessive  physiological 
responses  to  a marked rise  in  body temperature  and  to  avoid  raising  tissue  temperature to  a 
level which might incur some degree of harm [1]. 

 
The most sensitive responses of  humans to acute whole-body heating by radio frequency are 
probably  those  concerned  with  thermo-regulation  and  include  increased  cardiac  output  and 
skin  blood  flow  coupled  with  a  slight  drop  in  arterial  blood  pressure  [105].  These  responses 
become   maximal,   even   in   subjects   lying   passively   in   ambient   temperatures,   as   body 
temperatures rise by more than about 2 °C. Adverse health effects are not expected in people 
with   unimpaired   thermo-regulatory   and   cardiovascular   functions   if   the   increase   in   body 
temperature does not exceed 1 °C [106]; some specific exceptions are given below. 

 

 
The  health  of  some  PATIENTS  might  be  compromised  under  these  conditions.  Physiological 
and physical correlates which are associated with a decreased ability to adapt to an increased 
heat  load  include  old  age,  obesity  and  hypertension  [107].  Various  drugs  such  as  diuretics, 
tranquillisers   and   sedatives,   vasodilators   and   others   decrease   heat   tolerance   [108].   In 
addition,  the  thermo-regulatory  ability  of  infants  is  not  well  developed;  pregnant  women  may 
also  be  compromised  in  their  ability  to  dissipate  heat.  In  this  context,  it  is  worth  noting  that 
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heat  loss  from  the  embryo  and  foetus  across  the  placental  barrier  may  be  less  efficient  than 
heat  dissipation  in  other  well  vascularised  tissues.  Raised  body  temperature  is  known  to  be 
teratogenic to a number of mammalian species including primates, and has been implicated in 
central  nervous  system  and  facial  defects  in  children  whose  mothers  developed  prolonged 
severe hyperthermia (>39 °C), especially during the first trimester of pregnancy [109, 110]. In 
these cases it is desirable to limit rises in body temperature to less than 0,5 °C [106]. 

 
The whole-body thermo-regulatory response of  humans exposed to MR  EXAMINATION  has  been 
mathematically modelled.  Adair  and Berglund [111] calculated that the body temperature of  a 
lightly  clothed  PATIENT  whose  thermo-regulatory  ability  was  unimpaired  would  rise  by  up  to 
0,6 °C,  depending  on  environmental  conditions,  during  exposure  at  WHOLE-BODY  SARS  of  up 
to  4 W /kg.  The  results  of  these  calculations  are  in  reasonable  agreement  with  studies  of 
volunteers  exposed  to  up  to  4 W /kg for  20 min  to  30 min  [112  –  115].  In addition,  there  have 
been  no  reports  of  adverse  health  effects  from  excessive  local  or  systematic  heating  in 
PATIENTS  exposed at WHOLE-BODY SARS  of up to about 1,5 W /kg [116]. 

 

 
Limits  on  W HOLE   BODY  SAR  are  presented  in  51.103.  A  limit  of  2,0 W /kg  for  the  NORMAL 

OPERATING   MODE   is   recommended   as   the   highest   W HOLE   BODY   SAR  which   all   persons, 
regardless  of  health  status,  should  be  able  to  tolerate.  People  with  unimpaired  thermo- 
regulatory  and  cardiovascular  systems  should  tolerate  higher  W HOLE  BODY  SARS;  an  upper 
limit  of  4 W /kg  for  the  FIRST  LEVEL  CONTROLLED  OPERATING  MODE  is  recommended.  Individual 
tolerance  to  raised  body  temperature  is  highly  variable,  however;  even  in  healthy  people, 

therefore, MEDICAL SUPERVISION is required [117]. 

 
The limits  above  were developed assuming temperatures  in the MR  EXAMINATION  room  of  less 

than 24 °C, a relative humidity of less than 60 %, and minimal air flow; in addition, the PATIENT 

is  assumed  to  be  lightly  clothed.  Calculations  by  Adair  and  Berglund  [118,  119]  can  be  used 
to derive correction factors for environments  which restrict heat loss. It can be estimated that 

for  each  °C  of  ambient  temperature  above  24 °C,  restrictions  on WHOLE  BODY  SAR  should  be 
lowered  by  0,25 W /kg.  Similarly,  for  each  10 %  of  relative  humidity  in  excess  of  60 %,  the 
limits should be lowered by 0,1 W /kg. These effects are taken into account in this standard by 
a  requirement  for  reducing  the  SAR  limits  at  high  temperature  and  humidity.   Individual 
responses   will,   however,   be   variable;   increased   attention   at   the   appropriate   level   of 
supervision should be observed when using these correction factors. 

 
Some  regions  of  the  body,  such  as  the  head,  may  be  particularly  vulnerable  to  raised 
temperature. The developing embryo or foetus should be regarded as particularly sensitive to 
raised temperatures; however, tissues  in the trunk  and limbs are considered less sensitive. It 
has been suggested by Czerski and Athey [120] that localised temperatures of about 38 °C in 
the  head,  39 °C  in  the  trunk  and  40 °C  in  the  extremities  are  unlikely  to  produce  adverse 
effects.  Simple  calculation  [121]  relating  localised  heating  in  the  eye  to  SAR  in  the  head 
suggests  that  exposure resulting in 3 W /kg to the head is  unlikely to raise  the temperature of 
the eye by more than 1,6 °C; brain temperatures  are unlikely to rise by more than 1 °C under 
these  conditions.  In  experimental  measurements  on  un-shorn  sheep,  [122],  several  animals 
were  subjected  to  a  4 W /kg  head  scan  for  60 min  to  90 min while  peripheral  and  deep  tissue 
temperatures  including  cornea,  vitreous  tumour,  skin  of  head,  tongue,  jugular  vein,  and 
rectum were measured. 
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In   another   experiment,   similar   temperatures   were   measured   in   six   animals   that   were 
subjected to W HOLE  BODY  SARS  of 1,5, 2, or 4 W /kg. In the head scan experiments, skin and 
eye  increased  in  temperature  by  approximately  1,5 °C.  The  temperature  of  the  jugular  vein 

(brain  temperature)  rose  0,46 °C  ± 0,05 °C  following  60  min  to  90  min  of  scanning.  In  the 
whole  body  scans,  rectal  and  jugular  vein  temperatures  rose  approximately  1°C  above  the 
pre-exposure  value  while  skin  temperature  of  the  abdomen  rose  as  much  as  7 °C.  Based  on 
models  and  animal  data,  HEAD   SAR  levels  (averaged  over  the  head)  up  to  3,2 W /kg  are 
considered  below  the  level  of  concern.  The  3,2 W /kg  HEAD  SAR  limit,  which  is  the  value 
necessary to limit the temperature rise in the eye to 1 °C, has been used in the United States 
for  a  over  a  decade  without  adverse  reports.  In  addition,  other  LOCAL  SAR  limits  have  been 
made consistent with ICNIRP. 

 
The rise in temperature in any object that occurs in response to the intermittent absorption of 
radio  frequency  energy  from,  e.g.  a  pulsed  radio  frequency  source,  can  be  equated  with the 
SAR   value   averaged   over   the   50 %   thermal   equilibrium   time,   the   time   taken   for   the 
temperature  increase  at  the  centre  of  a  heated  region  to  rise  by 50 %  of  the  maximum  value 
after  the application of  a heat source. The thermal equilibrium  time for the body is not known 
accurately,  but  can  be  estimated  as  around  15 min  to  30 min,  whereas  smaller  masses  of 
tissues,  such  as  the  eye,  have  a  thermal  equilibrium  time  of  about  5 min  [123].  This  standard 
conservatively uses 6 min as the averaging period for  determining SAR for all tissues and for 
the body. 

 

 
The RF transmit coils can be separated into two classes: the VOLUME  RF TRANSMIT  COILS, and 
the LOCAL RF TRANSMIT COILS. Popular members of the class of VOLUME RF TRANSMIT COILS  are 
the  body  resonator  and  the  head  coil.  LOCAL  RF  TRANSMIT  COILS   are  commonly  used  with 
respect to the spectroscopic application. 

 
The  separation  into  the  two  classes  is  introduced  in  order  to  enable  simple,  but  –  in  view  of 
safety – still sufficient rules with respect to the control of SAR. 

 
W ith respect to the VOLUME RF TRANSMIT COILS  it is sufficient to control the whole body and the 
PARTIAL  BODY  SAR  (including  the  HEAD  SAR)  aspects  alone,  while  for  the  LOCAL  RF TRANSMIT 

COILS  the control of the whole body and the LOCAL SAR aspect is adequate. 

 
The simultaneous control of the W HOLE BODY SAR together with the PARTIAL BODY SAR, or with 
the  LOCAL  SAR  is  necessary,  in  order  to  meet  the  large  variation  of  exposure  situations  as 
given  by  the  variability  of  the  coil-,  and  PATIENT  dimensions  and  their  relative  positions.  This 
requirement automatically adjusts the SAR supervision to the most critical SAR aspect. This is 
demonstrated in the following four examples: 

 
Example 1: The examination of an adult with a HEAD  RF TRANSMIT  COIL  clearly means a partial 
body  exposure  (the  head  in  general).  In  this  case  the  PARTIAL  BODY  HEAD  SAR  will  limit  the 
amount of RF power transmission. However, the examination of an infant with the same HEAD 

RF  TRANSMIT  COIL,  must  be  judged  as  a  whole  body  exposure  (if  the  infant  fits  completely 
inside the mentioned coil). In this case the W HOLE BODY SAR will be the limiting factor. 

 
Example 2: The examination of the head of a child within a relative large sized body resonator 
may cause a more critical W HOLE BODY SAR value than the partial body HEAD SAR value. 
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Example 3: The examination of a large-sized adult with a relative short body resonator means 
a  partial  body  exposure  more  than  a  whole  body  exposure.  In  this  case  the  SAR  of  the 

exposed partial body must be limited to safe level. 

 
Example 4: The examination of an adult with a LOCAL RF TRANSMIT COIL obviously requires the 
control  of  the  LOCAL  SAR.  However,  in  case  of  an  infant  and  a  relatively  large  LOCAL  RF 
TRANSMIT COIL the W HOLE BODY SAR might become the most critical figure. 

 
The HEAD  SAR, the W HOLE  BODY  SAR and the LOCAL  SAR limits have been justified by several 
sources  of  experimental  data  and  theoretical  modelling  in  the  past.  However  the  desired 
simplification of the SAR control with respect to the volume type of RF transmit coils makes it 
necessary to introduce a PARTIAL BODY  SAR limit with respect to the exposed part of the body 
(see e.g. example 3). This limit has been chosen to vary with the ratio: 

 

 
(Mass of the exposed part of the body) / (total PATIENT  mass) 

 
The following consideration leads  to this  prescription. If  the PATIENT  completely fits  inside the 
RF TRANSMIT  COIL,  the exposed mass  equals  the total PATIENT  mass,  and hence the  limit  with 
respect  to  the  partial  body  exposure  must  be  identical  to  the  W HOLE  BODY  SAR  limit.  On  the 
other  side  however,  the  limit  may  increase  with  decreasing  coil  length.  For  very  short  RF 
TRANSMIT  COILS  the  PARTIAL  BODY  SAR limit equals  the  LOCAL  SAR  limit.  A  linear  dependency 
on the above mentioned  mass ratio seems to be justified to be applied.  Figure BB.8 shows  a 

graphical illustration of this. 
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IEC   1142/02 

 

 
NOTE    To  determine the  distribution  of  the absorbed  RF  power  and  to  determine the mass  of  the exposed  part  of 
the  body  the  PA TI EN T  shape  must  be  modelled  based  on  the  PATIENT  registration  data  (e.g.,  by  simple  cylinders 
simulating   head,   torso   and   extremities).   For   this   statistical   data   of   normal   measurements   during   growth 
anthropometric  data  sources  might  be  applied,  for  example  those  published  by  the  US  National  Centre  for  Health 
Statistics (NCHS). 

 
Figure BB.8 – SAR limits for the exposed mass of a PATIENT 
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Concerning 51.103.1 Limits for temperatures 
 

IEC 60601-1 sets a surface temperature limit (Tlimit  = 41 °C) for objects  which may come into 

contact with the human body. 

 
However,  it  would  be  useful to  identif y limits  for  surface heating of  electronic  circuitry (e.g.  a 
RF receive coil). Skin temperature under normal (non-scanning) conditions is about 33 °C, but 
during  MR   EXAMINATIONS   with  high  W HOLE   BODY   SAR,  skin  blood  vessels  dilate  and  skin 
temperature approaches core (about 37 °C). 

 
Assuming the following values for the parameters : 

 

– the ambient temperature Ta  is 273 K + 21 K; 

– the skin temperature Ts  is Ta  + ΔT ; 

– let SAR be the whole-body specific absorption rate; 

– let MET be the basal metabolic (= 1,2 W /kg), 

– let m be PATIENT  mass (= 75 kg), and 

– let σ be a constant (5,67 x 10–8 W/(m2  K4)), and 

– area A the PATIENT  surface area (= 1,9 m2). 
 

The  electronic  circuitry  under  test  is  placed  on  an  appropriate  (thermally  insulated)  phantom 
and  a  20  minute  scan  protocol  is  used  at  the  highest  clinical  WHOLE-BODY   SAR  for  the 
MR  EQUIPMENT. 

 

 
Then, the heating of the electronic circuitry surface temperature rise might be limited to: 

 

 
 

12,9 °C  6,9 
°C 

W/kg 

 

SA
R 

or 4 °C (whichever is more). 

 
 

Concerning 51.104 Protection against high static magnetic fields 
 

 
The rational for  the choice of  2 T  as  the limit  for  the NORMAL  OPERATING  MODE  and  4 T  as  the 
limit   for   the  FIRST   LEVEL   CONTROLLED   OPERATING   MODE   are   described   in   the   paragraphs 
concerning 6.8.2 hh) of this annex. 
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Medical electrical equipment – 

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

 
This amendment has been  prepared  by subcommittee 62B:  Diagnostic imaging  equipment, of 
IEC technical committee 62: Electrical equipment in medical practice. 

This bilingual version (2006-02) replaces the English version. 

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

FDIS Report on voting 

62B/573/FDIS 62B/586/RVD 
 

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

 

 
The French version of this amendment has not been voted upon. 

 
The committee has decided that the contents of this amendment and the base publication will 
remain  unchanged  until  the  maintenance  result  date  indicated  on  the  IEC  web  site  under 
"http://webstore.iec.ch"   in   the   data   related   to   the   specific   publication.   At   this   date,   the 
publication will be 

 

� reconfirmed, 

� withdrawn, 

� replaced by a revised edition, or 

� amended. 
 
 
 
 
 

 
Page 13 

 
6.8.2 INSTRUCTIONS FOR USE 

 

 
Replace, on page 18,  the existing item pp) by the following: 

 
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.  This  training  shall  include 
emergency procedures, including those for the issues described in this subclause under 

 cc)  Emergency medical procedures 
 

 ee)  CONTROLLED ACCESS AREA 

 mm)  EMERGENCY FIELD SHUT DOW N UNIT 
 

 nn)  Fire precautions 

 ss)  Emergency actions in the event of a QUENCH. 
 

 
Add, on page 18, the following new item ss): 

 
* ss) Emergency actions in case of a QUENCH 

 

The INSTRUCTIONS  FOR USE  shall include instructions on how to identify a QUENCH  and how 
to   act   in   the   event   of   a   QUENCH,   especially   when   the   venting   system   of   the 
superconducting magnet system fails. 

MS IEC 60601-2-33:2009
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Page 19 

 
6.8.3 Technical description 

 

Replace, on page 20, the existing item cc) by the following: 
 

* cc) Safety provisions in the event of a quench 

For MR    EQUIPMENT equipped with superconducting magnets, the ACCOMPANYING 

DOCUMENTS shall 
 

– state  the  requirements  for  a  venting  system  for  the  superconducting  magnet  which 
connects  the  cryostat  of  the  magnet  to  the  outside  atmosphere  and  which  is  designed 
to withstand a QUENCH and to protect nearby persons in the event of a QUENCH; 

 

– provide guidelines for the construction (dimensions, position, assembly and material to 
be  applied)  of  the  venting  system  for  the  superconducting  magnet  inside  and  outside 
the examination room; 

 

– recommend a preventive maintenance program, which states that regular checks of the 
adequateness  of  the  function  of  the  venting  system  for  the  superconducting  magnet 
are to be made; 

– state  requirements  for  the  design  of  the  examination  room  to  increase  safety  of   the 
patient  and  other  persons  inside  and  outside  the  examination  room  in  the  event  of 
failure of the venting system during   a quench. The suggested design shall address the 
issues  of  reducing  pressure  build-up,  temperature  decrease  and  oxygen  depletion 
during  a  quench.  A  number  of  acceptable  solutions  for  such  provisions,  demonstrated 
to  be  effective  by  simulation  or  test,  shall  be  listed,  so  that  even  when  the  venting 
system  of  the  superconducting  magnet  fails  to  work  adequately,  the  chance  of  a 
hazard  for  the  PATIENT  or  other  persons  inside  as  well  as  outside  the  examination 
room,  as  caused  by  PRESSURE  build-up,  temperatures  decrease  or  oxygen  depletion 
during the QUENCH, is reduced considerably; 

– state  the  need  for  the  USER  to  establish  an  emergency  plan  for  a  quench,  including  a 
situation  in  which  the   venting system  for the superconducting magnet fails  to function 
adequately; 

– state the need for possible extra control measures for the PATIENT  ventilation system in 
order not to expose the PATIENT  to additional helium  transported to the PATIENT  via the 
PATIENT   ventilation   system.   The   PATIENT   ventilation   system   should   have   its   inlet 
opening  in  a  safe  place  (such  as  at  a  low  level  in  the  examination  room  or  directly 
connected  to  the  air-conditioning  of  the  examination  room),  or  be  connected  to  a 
QUENCH  detector, so that the PATIENT  ventilation system can be automatically controlled 
when a QUENCH  occurs and will not transport helium to the PATIENT  inside the scanner. 

NOTE 1    The  venting  system  for  the  superconducting  magnet  is  considered  to  be  the  cryogenic  vent  pipe  and  all 
the extra components necessary to safely accommodate a QUENCH. 

 

NOTE 2    Examination room configurations demonstrated by simulation or test that are acceptable include: 

 configurations in which the RF door opens outwards or is a sliding RF door; 
 

 configurations  in  which  the  RF  door  opens  inwards,  if  these  include  extra  precautions  to  prevent  PR ES SU R E 

build up. This can be realized by one of the following 
 

 an extra examination room ventilator system, which can be switched on (possibly automatically via an 
oxygen  monitor  in  the  ceiling  of  the  examination  room  to  detect  the  escape  of  helium  gas)    in  the 
event of a QUENCH; or 

 an opening in the wall or ceiling of the examination room, venting towards an open area; or 
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 a possibility of opening   the observation window in the examination room outward or by sliding; or 

 

 a  second  independent  venting  system  for  the  superconducting  magnet  that  remains  operational  in 
case the regular venting system for the superconducting magnet is obstructed; or 

 equivalent methods demonstrated to be effective by simulation or test. 

 

 
Page 45 

 
 

Annex BB – Guidance and rationale for particular subclauses 
 

 
Add, on page 57, a rationale for subclause item 6.8.2 ss) as follows: 

 
Concerning 6.8.2 ss) 

 

 
In addition to the information given in item cc) of 6.8.2 on emergency medical procedures and 
item  ff)  of  6.8.2  on  liquid  and  gaseous  cryogens,  this  item  provides  information  pertinent  to 
emergencies  present  in  the  event  that  magnet  helium  gas  escapes  from  the  magnet  into  the 
examination  room  or  other  adjacent  rooms  during  a  QUENCH.  This  situation  may  be  present 
when  the  venting  system  of  the  superconducting  magnet  fails  either  in  part  or  fully  during  a 
magnet  QUENCH.  In  this  case,  hazards  may  be  present  for  the  personnel  involved.  The 
information  provided  here  will  be  useful  for  the  OPERATOR  in  establishing  an  emergency  plan 
adapted to local requirements. 

 

 
W hile  a  QUENCH  as  such  is  a  rare  event,  the  additional  failure  of  a  venting  system  of  the 
magnet  is  even  more  unlikely.  Although  thousands  of  MR  SYSTEMS   are  in  operation,  there 
have been only a few reports to date regarding accidents or near accidents involving personal 
injuries  in  relationship  to  a  QUENCH.  Nevertheless,  the  MANUFACTURERS  are  required  to  point 
out  the  potential  hazard  of  the  combined  event  and  to  provide  information  pertinent  to  this 
type  of  emergency.  Note  that  the  information  covers  the  highly  unlikely,  yet  possibly  serious 
event  of  a  malfunctioning  venting  system  at  the  time  of  a  quench  of  the  superconducting 

magnet. 

 
What is a QUENCH? 

 

 
During a QUENCH, the magnet loses its super-conductivity. The magnetic field ramps down in a 
matter  of  seconds  –  typically  lasting  approximately  20  seconds.  The  magnet  begins  to  warm 
up.  Liquid  helium  boils  off  at  a  rate  of  500  to  1  500  l  within  a  few  minutes  and  expands 
quickly. The exact boil-off rate amount depends on the fill level as well as the field strength of 
the  magnet.  A  3  T  magnet  may  have  a  higher  boil-off  rate  than  a  1,5  T  magnet.  One  litre  of 
liquid   helium   translates   into   approximately   700   l   of   gaseous   helium.   During   maximum 
conditions  this  means  approximately  1  000 m3  of  gas.  A  manual  QUENCH  may  be  initiated  b y 
activating  the  Emergency  field  shut  down  unit.  Another  source  for  quenching  is  when  the 
helium  fill level decreases  to  a  point  where  the  magnet  begins  to  warm  up. In rare  instances, 
a spontaneous QUENCH  may be observed that cannot be explained by the presence of obvious 
causes. 

 
Hissing  or  whistling  noises  caused  by  the  quickly  escaping  stream  of  cold  helium  gas  may 
accompany a QUENCH.  Plumes of  white fog sink  to the floor mainly from  the  upper  part  of  the 
magnet from the vicinity of the QUENCH  line due to condensation of both water vapour and air. 
The  stream  of  helium  gas  diminishes  in  a  matter  of  minutes.  Air  near  the  non-insulated 
components  of  the  magnet  and  the  QUENCH  line  condenses  into  liquid  air  and  drips  to  the 
floor. 
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Risks associated with a failing venting system 
 

 
The  purpose  of  the  venting  system  of  the  superconducting  magnet  is  to  securely  exhaust 
gaseous  helium  to the  outside. The main element of  this system  is a conduit that is  designed 
to  transport the escaping  helium  gas to a safe  open  area. The  possibility of  a QUENCH  should 
be  taken  into  careful  consideration  during  the  design  of  both  the  magnet  and  the  venting 
system  of the superconducting magnet. As a result, a QUENCH  should be completely harmless 
to  personnel.  Also,  neither  the  magnet  nor  the  MR  installations  as  such  should  be  subject  to 

damage during a QUENCH. 

 
An  emergency  situation  will  arise  if  a  quench  venting  system  fails.  Helium  is  lighter  than  air, 
and  is  non-poisonous  and  non-flammable.  However,  since  it  displaces  oxygen,  the  risk  of 
suffocation  exists.  Cryogenic  helium  escaping  into  the  ambient  air  leads  to  white  clouds 
caused by condensation. These clouds will adversely affect visibility. 

 

 
Persons  may  be  rendered  unconscious  by  the  amount  of  helium  entering  their  respirator y 
system.  Depending  on  the  helium  concentration  present  in  the  air,  a  few  breaths  may suffice 
to result in unconsciousness. 

 
In  addition,  escaping  helium  is  extremely  cold,  possibly  causing  hypothermia  and  frostbite. 
The  latter  results  in  injuries  resembling  burns  (cryogenic  burns)  after  the  skin  is  exposed  to 
normal temperature levels. Skin contact with cold parts or liquid air may also lead to frostbite. 

 
A variety of failures of the venting system of the superconducting magnet are conceivable. For 
instance, the following may occur. 

 

 Small  leaks:  smaller  amounts  of  helium  gas  are  exhausted  to  the  outside  via  the  heating 
and  air  conditioning  system  and  replaced  by  fresh  air.  This  is  not  a  critical  situation  as 
long as the heating and air conditioning system functions as required. 

These leakages are the result of constructional errors that need to be corrected. 
 

 The  venting  system  of  the  superconducting  magnet  fails  in  part:  only  part  of  the  helium 
gas  is  exhausted  to  the  outside  via  the  integrated  venting  system.  Larger  amounts  of 
helium  are  present  in  the  examination  room.  The  heating  and  air  conditioning  system 
cannot  remove  the  helium  due  to  its  volume.  Large  clouds  form,  which  adversely  effects 
visibility.  Additionally,  the  PRESSURE  in  the  room  increases.  Depending  on  the  size  of  the 
leakage, hazardous conditions may be present for the personnel involved. 

 

 Total  failure:  the  venting  system  of  the  superconducting  magnet  fails  completely,  e.g. 
through  blockage  or  breaks  in  the  line.  The  entire  amount  of  gas  is  exhausted  into  the 
examination  room.  If  the  requirements  and  recommendations  previously  m entioned  are 
not  followed,  there  is  an  increased  potential  for  loss  of  life  in  the  case  of  a  complete 
cryogen vent failure. 

 Up to 1 000 m3  of gas are blown into the room, which frequently has a volume of less than 

100 m3. 

MS IEC 60601-2-33:2009

© STANDARDS MALAYSIA 2009 – All rights reserved

L
ic

e
n

s
e

d
 t

o
 S

T
A

N
D

A
R

D
S

 M
A

L
A

Y
S

IA
 /

 S
in

g
le

 u
s
e

r 
lic

e
n

s
e

 o
n

ly
, 

c
o

p
y
in

g
 a

n
d

 n
e

tw
o

rk
in

g
 p

ro
h

ib
it
e

d



MS IEC 60601-2-33:2009 – ix –   

© STANDARDS MALAYSIA 2008 – All rights reserved 

 
 

Add, on page 58, a rationale for subclause item 6.8.3 cc) as follows: 
 

 
Concerning 6.8.3 cc) 

 
Examination room configuration 

 
A  number  of  examination  room  features  are  suggested  in  the  standard.  For  the  examination 
room   features   a   clear   distinction   is   made   between   the   helium   venting   system   for   the 
superconducting  magnet  needed  in  case  of  a  QUENCH   and  the  PATIENT   ventilation  system 
needed  for  daily  air  refreshment  for  the  PATIENTS.  The  examination  room  features  try  to 
maximise  the  time  available  to  remove  a  PATIENT  from  the  system  in  the  event  of  a  QUENCH 

associated  with  a  failing  venting  system  of  the  superconducting  magnet.  These  features  will 
help  increase  the  time  available  to  remove  a  patient  to  an  average  time  of  a  few  minutes.  In 
general  the  operation  of  the  PATIENT  ventilation  system  should  be  monitored  carefully.  Some 
PATIENT  ventilation  systems  bring  fresh  conditioned  air  from  the  top  of  the  examination  room 
to  the  PATIENT.  In  the  event  of  a  QUENCH   associated  with  a  failing  venting  system  of  the 
superconducting  magnet,  this  is  very  unfavourable  for  the  PATIENT,  and  the  operation  of  the 
PATIENT  ventilation system should be stopped, preferably automatically via the detection of the 
QUENCH  by  a  sensor.  Also,  an  automated  warning  to  the  OPERATOR  can  be  considered  in  all 
situations.The fitting of an oxygen monitor, wired to audible and visual alarms, in the ceiling of 
the  examination  room  to  give  an  early warning  of  the  escape  of  helium  gas is  recommended. 
W hen remodelling of the examination room  is performed, the integrity of the RF-shielding has 
to be tested again. 

 
Door of the examination room opens inwards – constructional safety measures 

 
The most unfavourable situation for the examination room is when the door of the examination 
room  opens  inwards.  In  this  situation,  slight  overpressure  due  to  helium  gas  leakage  may 
make  opening  of  the  door  extremely  difficult.  Depending  on  the  ventilation  system  for  the 
room,  overpressure  may  be   present  for  a  considerable   length   of   time.   Installation  of   a 
provision   in   the   examination   room   to   allow   air   breathing   for   persons   present   in   the 
examination room  during  the  QUENCH  in  this  situation may help to  increase the  time  available 
to allow for pressure equalization in the room. 

 

 
To address this situation the following alternatives are available: 

 

– The door is reconfigured so that it opens to the outside, into the control room. 
 

– The  door  is  replaced  with  an  RF-sealed  sliding  door.  It  should  be  ensured  that  the  door 
closes in a way that allows it to move away from the frame in case of overpressure, that is, 
it facilitates opening the door. 

 

– The fixed observation window is replaced by a window opening into the control room or by 
an RF-sealed sliding window. 

– Panels are installed in the examination room wall, door or ceiling that can be unlocked and 
opened to the outside in case of emergency or allow for continual pressure equalization to 
interstitional  space.  These  panels  require  an  RF-sealed  installation.  After  opening  the 

panel, the outlet should measure at least 60   60 cm2. W hen using rectangular panels, the 
shorter  side  should  measure  a  minimum  of  60 cm  in  length.    Also,  easy  removal  of  the 
panel by a single person has to be ensured. In addition, a minimum distance of 1 meter to 
the  next  wall  needs  to  be  observed.  The  panel  should  be  installed  as  far  as  possible 
toward the top of the room to allow escape of the low-density helium. 
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– The  examination  room  MANUFACTURER  can  provide  additional  RF-sealed  room  openings 

(metal  grids)  that  lead  directly to  the  outside.  However,  these  openings  are  also  conduits 
for acoustic noise generated outside the examination room. Again, these  openings should 
be installed as far as possible toward the top to allow escape of the low-density helium. To 
maintain   unobstructed   flow   through   a   pipe,   the   diameter   of   a   long   line   has   to   be 
appropriate. 

 

For  doors  moved  via  auxiliary  drives  (e.g.  electrical  or  pneumatic),  manual  operation  has  to 
be ensured as well. 

 
If  included  in  the  installation,  the  observation  window  may  be  broken.  The  window  usually 
includes  wiring  for  the  RF-shielding  that  needs  to  be  worked  through  as  well.  However,  the 
resulting  glass  splinters  may  injure  rescue  personnel.  Depending  on  the  construction  and 
the thickness  of  the  window,  the  OPERATOR   has  to  provide  suitable  tools  for  breaking  the 
window. 

 
Maintenance 

 
A preventive maintenance program should include the following actions. 

 

 
Checking the exhaust system and room venting. 

 

 
The   installation   of   the   room   venting   system   and   the   cryogen   venting   system   for   the 
superconducting magnet has to adhere to the requirements and should be checked by trained 
personnel.  Both  systems  have  to  be  visually  inspected  at  regular  intervals  to  determine 
inappropriate changes, in particular: 

 

– design changes inside and outside the shielded examination room; 
 

– inappropriate changes; 

– damage to the thermal insulation of the exhaust line; 
 

– damage to the exhaust line; 

– obstructed exit, e.g. presence of bird nests (is the protective grid still intact?); 
 

– damage to protective rain covers (these are regularly required for vertically exiting QUENCH 

lines. Depending on the design, they are also frequently in place for horizontal exits). 

– Has  the  exhaust  to  the  outside  been  changed  after  the  system  was  handed  over  to  the 
customer  thus  subjecting  others  to  the  exhausted  gas?  This  may  involve,  for  example, 
windows  installed  at  a  later  date,  exits  and  entrances  put  in  place  for  heating  and  air 
conditioning  systems,  new  buildings  or  temporarily  installed  containers  and  any  other 
foreign  debris  or  construction  matter  that  could  negatively  influence  the  performance  of 
the venting system. 

 

– Has the heating and air conditioning system or venting system of the room been changed, 
e.g. by adding additional venting inlets or outlets in adjacent rooms? 

 W ere additional MR SYSTEMS  installed? 
 

– Is the same QUENCH  line used for additional MR SYSTEMS? 
 

Since  each  system  is  subject  to  either  changes  or  remodelling  of  the  building  during  its 
operating  life,  the  OPERATOR   needs  to  be  thoroughly  familiar  with  the  importance  of  the 
QUENCH   line   and   the   venting   system.   For   this   reason,   we   recommend   frequent   visual 
inspections  (e.g.  with  respect  to  constructional  changes  in  the  vicinity  of  the  QUENCH   line, 
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severe  weather-related  changes  such  as  ice,  snow  or  sand).  In  case  of  questionable  system 
functionality, the venting system installation contractor should be contacted. 

 
Emergency plan 

 
The   following   recommendations   are   designed   to   help   the   OPERATOR   in   establishing   an 
emergency plan that should include the following: 

 
 layout  of  the  MR-suite  with  respect  to  windows,  escape  routes  both  for  personnel  or  for 

venting exhaust gas to the outside, emergency manual switches on the patient support for 
fast patient removal; 

 

– availability  of  emergency  personnel  (e.g.  ambulance  personnel,  on-site  fire  emergency 
response teams and on and off-site security); 

– instructions  and  information  provided  to  fire  departments  and  police  departments  (to  be 
provided before an actual emergency as described in the operating manual), including the 
need for an extra check whether the magnetic field is still present or not; 

– rescue exercises performed with the respective personnel; 
 

 operating  personnel  should  be  trained  in  overseeing  the  evacuation  of  the  MR  suite  and 
adjacent rooms; 

 

– Personnel  should  only return  to  the  MR suite  after the  situation  is  back  to  normal,  that  is, 
noises  have  stopped  and  vision  is  no  longer  obstructed.  For  safety  reasons,  all  rooms 
should be thoroughly aired; windows and doors to the outside should be open. Usually the 
air conditioning system will provide for effective air exchange. 

 
If persons are present in the magnet room, consider the following. 

 

– Standard   scenario:   the   QUENCH   line   works   as   planned.   The   PATIENT   can   be   easily 
removed. Contact with cryogenic parts is prohibited. 

– Small leaks: these would lead to small clouds of fog that clearly remain above head level 
and  are  visibly removed  by the  heating  and  air  conditioning  system. W hite  fog-like  clouds 
may sink to the floor. These clouds consist of cold air and do not lead to oxygen depletion. 
In this case, overpressure is not present. There is no risk of suffocation for either PATIENT 

or  personnel.  The  PATIENT   can  be  removed,  either  immediately  or  after  a  few  minutes 
depending  on  the  PATIENT’S   reaction  to  the  situation.  Contact  with  cryogenic  parts  is 
prohibited. 

– Partial or complete failure of the QUENCH  line: large fog-like clouds are present that may 
impair  visibility.  PRESSURE  in  the  examination  room  will  increase.  All  persons  inside  the 
room  or  entering  to  help  with  rescue  are  in  danger.  During  a  complete  failure  of  the 
venting   system   of   the   superconducting   magnet   inside   the   examination   room,   the 
examination room would be quickly filled with cryogenic helium gas. 

 

As  a  rule,  rescue  personnel  should  not  work  alone,  but  rather  in  groups  of  two  or  more 
persons. 

 
Usually,  the  strongest  gas  flow  occurs  within  the  first  few  minutes  and  will  subsequently 
subside.  However,  the  course  of  gas  flow  is  not  fully  predictable,  since  at  the  time  of 

occurrence the type of error in the QUENCH  line is generally not fully known. 
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Prior to opening the door to the examination room, all available doors and windows should be 
opened to ensure sufficient ventilation. All personnel in the vicinity of the system  who are not 
needed for rescue activities should leave prior to the rescue of the PATIENT  in the examination 
room.  W hen  opening  the  door,  possible  overpressure  in  the  room  should  be  factored  in  as 
follows: 

 

 If  the  door  opens  outward  in  the  direction  of  the  control  room,  the  door  may fly open  due 
to  overpressure.  The  OPERATOR  should  be  aware  of  this  possibility  so  injuries  caused  by 
the unexpected opening of the door can be avoided. 

– If  the door  opens inward  in the  direction of  the  examination room, it may be impossible  to 
open it due to the overpressure in the room. In this case, existing windows and emergency 
flaps   should   be   opened.   The   overpressure   may   lead   to   windows   or   flaps   swinging 
unexpectedly.   If   there   are   no   emergency  openings,   the   observation   window  may  be 
smashed.  However,  the  resulting  glass  splinters  may  injure  rescue  personnel.  Depending 
on  the  construction  and  the  thickness  of  the  window,  the  USER  has  to  provide  suitable 
tools for breaking the window. 

 
After  opening  the  door  to  the  examination  room,  the  helium  gas  may  escape  to  adjacent 
rooms,  endangering  the  safety  of  the  rescue  personnel.  It  is  possible  to  check  the  oxygen 
levels  in  the  air  with  an  oxygen  monitor.  A  gas  mask  does  not  protect  against  oxygen 
displacement  by  the  helium  gas.  An  air  tank  is  necessary  in  order  to  remain  in  a  facility 
subject  to  escaping  helium.  In  addition  to  the  risk  of  suffocation  there  is  also  the  additional 
risk of hypothermia or frostbite. 

 

 
Since  the  helium  gas  warms  up  quickly  and  spreads  downward  from  the  ceiling,  a  rescue 
worker  standing  upright  is  exposed  to  greater  danger  than  a  PATIENT  lying  on  the  PATIENT 

SUPPORT. There may be more air nearer to the floor. A rescue worker may gain time by going 
down on hands and knees to take breaths of air. 

 
After  the  PATIENT   has  been  removed  from  the  examination  room,  no  personnel  should  be 
present  in  the  vicinity  of  the  MR  SYSTEM  until  the  QUENCH  has  been  stopped  and  ventilation 

has been ensured. 

 
After  a  QUENCH,  the  service  procedure  as  described  in  the  ACCOMPANYING  DOCUMENTS  has  to 
be  performed.  The  maintenance  personnel  should  be  informed  immediately  to  put  the  MR 
SYSTEM  back into operation. 

MS IEC 60601-2-33:2009
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