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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-37: Particular requirements for the safety
of ultrasonic diagnostic and monitoring equipment

FOREWORD

2) The formal decisions or agreements of the IEC on technical matte nearly as possible, an
international consensus of opinion on the relevant subjects |si i mittee has representation

of standards, technical specifications, i 3 ides and they are accepted by the National
Committees in that sense.

4) In order to promote international unificatio
Standards transparently to the maximum| ext

q possikle\in their national and regional standards. Any
pon'n Aational or regional standard shall be clearly

6) Attention is drawp/te t ibi S elements of this International Standard may be the subject
of patent rights. *@» 4 ¢ sible for identifying any or all such patent rights.

based on the following documents:

FDIS Report on voting
62B/428/FDIS 62B/440/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
Annexes AA and DD form an integral part of this Particular Standard.

Annexes BB, CC, EE, FF, GG and HH are for information only.
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In this Particular Standard, the following print types are used:

— requirements, compliance with which can be tested, and definitions: in roman type

— notes, explanations, advice, introductions, general statements, exceptions, and references: in smaller type

— test specifications: in italic type

— TERMS USED THROUGHOUT THIS PARTICULAR STANDARD WHICH HAVE BEEN DEFINED IN CLAUSE 2
AND |[EC 60601-1: IN SMALL CAPITALS.

The committee has decided that the contents of this publication will remain unchanged until 2002.

At this date, the publication will be

* reconfirmed;

* withdrawn;

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

A bilingual version of this standard may be issued at a later dat

@%
S
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INTRODUCTION

In this Particular Standard, safety requirements additional to those in the General Standard
are specified for ULTRASONIC DIAGNOSTIC EQUIPMENT.

Guidance and a rationale for the requirements of this Particular Standard are given below.

Knowledge of the reasons for these requirements will not only facilitate the proper application
of this Particular Standard but will, in due course, expedite any revision necessitated by
changes in clinical practice or as a result of developments in technology.

General guidance and rationale

The approach and philosophy used in drafting this particular

IEC 60601-2 series that apply to other diagnostic modalities, s
magnetic resonance systems.

diagnosis. Thus, for all such diagnostic modalities,
understand the risk of the output of the equipmertt
the needed diagnostic information wit indf

operating manufagture
has become a s‘@
forms only a part of f

Standard which wilkhb

3 rinCiple, re
in the next editign is\Parti
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-37: Particular requirements for the safety
of ultrasonic medical diagnostic and monitoring equipment

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 specifies particular safet
EQUIPMENT as defined in 2.1.145.

LTRASONIC DIAGNOSTIC

This standard does not cover ultrasonic\thera
the imaging of body structures by ulfrasound\n
covered.

7 however, equipment used for
snction with therapeutic modalities is

1.2 Object

Replacement:

The object of this
ULTRASONIC DIAGNQ
safety.

establish particular requirements for the safety of
those aspects thereof which are directly related to

1.3 Particula
Addition:

This Particular dard 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 60601-1-2:1993, Medical electrical equipment — Part 1: General requirements for safety —
2. Collateral Standard: Electromagnetic compatibility — Requirements and tests

IEC 60601-1-4:1996, Medical electrical equipment — Part 1-4: General requirements for
safety — 4. Collateral Standard: Programmable electrical medical systems and its Amendment 1
(1999)

The numbering of sections, clauses and subclauses of this Particular Standard corresponds to
that of the General Standard. The changes to the text of the General Standard are specified
by the use of the following words:
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“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 to which there is a rationale are marked wit
rationales can be found in an informative annex BB. Annex BB shou
the relevance of the requirements addressed, but should never be
test requirements.

A requirement of this Particular Standa
Standard or of a Collateral Standard

IEC 61167
25 MHz
Amendment 1 (199

992\Ulkrasqnjc power measurement in liquids in the frequency range 0,5 MHz to

2 Terminology and definitions

This clause of the General Standard applies except as follows:

Additional definitions:

2.1.101

ACOUSTIC ATTENUATION COEFFICIENT

coefficient intended to account for ultrasonic attenuation of tissue between the source and a
specified point

Symbol: a
Unit: decibels per centimetre per megahertz, dB cm-1 MHz-1
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2.1.102

ACOUSTIC WORKING FREQUENCY

arithmetic mean of the most widely separated frequencies f1 and f> at which the amplitude of
the pressure spectrum of the acoustic signal is 3 dB lower than the peak amplitude
[3.4.2 of IEC 61102, modified]

Symbol: faws
Unit: megahertz, MHz

2.1.103

ATTENUATED OUTPUT POWER

value of the acoustic OUTPUT POWER after attenuation and at a specifie istance from the
transducer, and given by

Py = p10(-az fauwt/10)

where
a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels p&
z is the distance from the source to the point of inte
fawf is the ACOUSTIC WORKING FREQUENCY in megahe
P, is the ATTENUATED OUTPUT POWER i
P is the OUTPUT POWER in milliwatts™x
Symbol: P,

Unit: milliwatts, mW

2.1.104
ATTENUATED PEAK-RARE
value of the PEAK-RAR
point, and given

10(-0(2 Sawt!20)

ON COEFFICIENT in decibels per centimetre per megahertz;
e source to the point of interest, in centimetres;

faws is the ACB ORKING FREQUENCY in megahertz;
pr(z) is the PEAK-RAREFACTIONAL ACOUSTIC PRESSURE measured in water.
Symbol: prq

Unit: megapascals, MPa
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2.1.105
ATTENUATED PULSE-AVERAGE INTENSITY
value of the acoustic PULSE-AVERAGE INTENSITY after attenuation and at a specified point, and

given by
- /10
Ioaa = Ipa(Z)10( % Jaut/10)
where
a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels per centimetre per megahertz;
z is the distance from the source to the point of interest in centimetres;

Sawf is the ACOUSTIC WORKING FREQUENCY, at distance z in megahertz;

Ipa(z) is the PULSE-AVERAGE INTENSITY measured in water, in entimetre

squared.
Symbol: Ipa o

Unit: watts per centimetre squared, W cm—2

2.1.106
ATTENUATED PULSE-INTENSITY INTEGRAL

value of the PULSE-INTENSITY INTEGRAL after atten d point, and given by

where

a is the ACOUSTIC ATTEM . i ibefs per centimetre per megahertz;

z is the distance from € irterest in centimetres;

fawf is the AcousTic ;

Ipi,a s the ATTE@E 1 RAL in millijoules per centimetre squared;

I is the PULSE-IX easured in water in millijoules per centimetre
squared.

Symbol: Ii o

distance z, and givew'by

Izpta,a (2) = Izpta(Z)10(-azfan/1O)

where
a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels per centimetre per megahertz;
z is the distance from the source to the point of interest in centimetres;

Sawf is the ACOUSTIC WORKING FREQUENCY in megahertz;

Izpta(2) is the SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY, at a specified distance z in milliwatts
per centimetre squared measured in water.

Symbol: Ipta alz)
Unit: milliwatts per centimetre squared, mW cm-2
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2.1.108
ATTENUATED TEMPORAL-AVERAGE INTENSITY
value of the TEMPORAL-AVERAGE INTENSITY after attenuation and at a specified point, and given by

lig ¢ (2) = Ita(2) 10(-97 Jawt/10)

where

a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels per centimetre per megahertz;

z is the distance from the source to the point of interest in centimetres;

Sawf is the ACOUSTIC WORKING FREQUENCY in megahertz;

Ita o(z) is the ATTENUATED TEMPORAL-AVERAGE INTENSITY in milliwatts pg imetre squared;
Iia(2) is the TEMPORAL-AVERAGE INTENSITY measured in water in muli s per centimetre

squared.
Symb0|. Ita’a(z)
Unit: milliwatts per centimetre squared, mW cm-2

2.1.109

BEAM AREA
area in a specified plane perpendicular to the BEa
which the PULSE-INTENSITY INTEGRAL ji
PULSE-INTENSITY INTEGRAL in that plang
[3.6 of IEC 61102, modified]

NOTE For measurement purposes the PULSE
PRESSURE-SQUARED INTEGRAL

2.1.110
BEAM ALIGNMENT AXIS

straight line joini
different distanc@
the face of the ULTRAR

[3.5 of IEC 61102

Symbol: TIB
Unit: None
NOTE See annex DD.4.2 and DD.5.2 for methods of determining the BONE THERMAL INDEX.
2.1.112

BOUNDED OUTPUT POWER

OUTPUT POWER emitted in SCANNING MODE from a region of the active area of the transducer
whose width in the scan plane is limited to 1 cm

Symbol: P4
Unit: milliwatts, mW
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2.1.113
BREAK-POINT DEPTH
value equal to 1,5 times the EQUIVALENT APERTURE DIAMETER, and given by

pr = 1,5 Deq

where

Deq is the EQUIVALENT APERTURE DIAMETER.
Symbol: zp,

Unit: centimetres, cm

2.1.114
COMBINED-OPERATING MODE

mode of operation of an EQUIPMENT which combines more than one DI
[3.6 of IEC 61157]

OPE G MODE

2.1.115

CRANIAL-BONE THERMAL INDEX
THERMAL INDEX for applications, such as paediatric and-adu
ultrasound beam passes through bone near the beary

Symbol: TIC
Unit: None

ons, in which the

2.1.116

DEFAULT SETTING

specific state of control, the R EQUIPMENT will enter upon power-up, new
PATIENT select or change frof_non-{o ' applications

2.1.117 Q
DEPTH FOR BONE T R

distance from the pla dB OUTPUT BEAM DIMENSIONS are determined along the
BEAM ALIGNMENT t where the product of ATTENUATED OUTPUT POWER and
ATTENUATED PULSE AL is maximum

Unit: ce

2.1.118
DEPTH FOR SOFT-TISSUE THERMAL INDEX

distance from the plane where the —12 dB OUTPUT BEAM DIMENSIONS are determined along the
BEAM ALIGNMENT AXIS to the plane at which the lower value of the ATTENUATED OUTPUT POWER
and the product of the ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY and 1 cm2 is
maximized over the distance range equal to, or more than, 1,5 times the EQUIVALENT
APERTURE DIAMETER

Symbol: zg
Unit: centimetres, cm
NOTE In this Particular Standard, the restricted definition of SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY from 3.49

of IEC 61102 relating to a specified plane is used where SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY is replaced by
ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY.
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2.1.119

DISCRETE-OPERATING MODE

mode of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT in which the purpose of the excitation
of the ULTRASONIC TRANSDUCER or ULTRASONIC TRANSDUCER element group is to utilize only
one diagnostic methodology

[3.7 of IEC 61157]

2.1.120
EQUIVALENT APERTURE DIAMETER
diameter of a circle whose area is the —12 dB OUTPUT BEAM AREA and given by

{4
Deq = EAaprt

where
Aaprt is the =12 dB OUTPUT BEAM AREA.
Symbol: Dgq

Unit: centimetres, cm

NOTE This formula gives the diameter of a circle whose area j BEAM AREA. It is used in the

calculation of the CRANIAL-BONE THERMAL INDEX and the SOFT TISS

21.121
EQUIVALENT BEAM AREA
value of the area of the acoustic beam at the\distancez in‘terms efpdwer and intensity, and given by

P
z;ta(z)

where

Py(2) is the ATPENUA PUT POWER, at\he distance z, in milliwatts;

Izpta,a(z) is the @

in milliwatts

P

Izpta(Z)

2.1.122
EQUIVALENT BEAM DIAMETER
value of the diameter of the acoustic beam at the distance z in terms of the EQUIVALENT BEAM

AREA, and given by
{4
deq(z) = T_TAeq(Z)

where

Aeq(z) is the EQUIVALENT BEAM AREA;

z is the distance from the source to the specified point.
Symbol: deq(2)

Unit: centimetres, cm
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2.1.123

FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT

means by which the EQUIPMENT establishes values of the acoustic output quantities
independent of direct OPERATOR control

2.1.124
MECHANICAL INDEX
MECHANICAL INDEX is given by

-1/2
Pra Sawt

Cor

Ml =

where

Cyy =1 MPa MHz-1/2;

Pra is the ATTENUATED PEAK-RAREFACTION PRESSURE in megapascal
fawf is the ACOUSTIC WORKING FREQUENCY in megahertz.

Symbol: MI

Unit: None

2.1.125

MULTI-PURPOSE ULTRASONIC EQUIPMEN

ultrasonic equipment which is intended N one application
2.1.126

NON-SCANNING MODE

mode of operation of EQYIPMENT that involves a sequence of
ultrasonic pulses which gi ; q mc scaly’lines that follow the same acoustic path

2.1.127 Q
-12 dB OUTPUT BE

area of the ultrasg the =12 dB OUTPUT BEAM DIMENSIONS

dimensions of the ultrasonic beam (—12 dB PULSE BEAM WIDTH) in specified directions normal
to the BEAM ALIGNMENT AXIS and at the transducer output face
[3.14 of IEC 61157, modified]

NOTE 1 For reasons of measurement accuracy the —-12 dB OUTPUT BEAM DIMENSIONS can be derived from
measurements at a distance chosen to be as close as possible to the face of the transducer, and if possible no
more than 1 mm from the face (3.14 of IEC 61157, modified).

NOTE 2 For contact transducers, these dimensions can be taken as the dimensions of the radiating element.
Symbol: X, Y
Unit: centimetres, cm
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2.1.129

OUTPUT POWER

time-average power radiated by an ULTRASONIC TRANSDUCER into an approximately free field under
specified conditions in a specified medium, preferably water

[3.5 of IEC 61161, modified]

Symbol: P
Unit: milliwatts, mW

2.1.130

PEAK-RAREFACTIONAL ACOUSTIC PRESSURE

maximum of the modulus of the negative instantaneous acoustic pressure in~an acoustic field
during an acoustic repetition period

[3.34 of IEC 61157, modified]

Symbol: p,
Unit: megapascals, MPa

2.1.131
PRUDENT-USE STATEMENT
affirmation of the principle advising avoidance

exposure levels and

2.1.132
PULSE-AVERAGE INTENSITY
ratio of the PULSE INTENSITY INTEGRAL Ip'

Symbol: I,
Unit: watts per square cen

2.1.133

PULSE BEAM-WIDT
distance betwee
point of maximum

PRESSURE-SQUARED

PULSE DURATION
1,25 times the interval between the time when the time integral of intensity in an acoustic
pulse at a point reaches 10 % and when it reaches 90 % of the PULSE INTENSITY INTEGRAL
[3.30 of IEC 61102, modified]

Symbol: 4
Unit: seconds, s

2.1.135

PULSE-INTENSITY INTEGRAL

time integral of the instantaneous intensity at a particular point in an acoustic field integrated
over the acoustic pulse waveform

[3.31 of IEC 61102]

Symbol: I
Unit: millijoules per centimetre squared, mJ cm—2
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2.1.136

PULSE-PRESSURE-SQUARED INTEGRAL

time integral of the square of the instantaneous acoustic pressure at a particular point in an
acoustic field integrated over the acoustic pulse waveform

[3.33 of IEC 61102]

Symbol: p;
Unit: Pascal squared seconds, PaZs

2.1.137

PULSE REPETITION RATE

inverse of the time interval between two successive acoustic pulses
[3.35 of IEC 61102, modified]

Symbol: prr
Unit: hertz, Hz

2.1.138

SCANNING MODE
mode of operation of an ULTRASONIC DIAGNOSTIC EQJ
ultrasonic pulses which give rise to scan lines that do
[3.21 of IEC 61157, modified]

2.1.139
SOFT TISSUE THERMAL INDEX
THERMAL INDEX related to soft tissues

Symbol: TIS
Unit: None

NOTE 1 See annex DD.5.1.and
NOTE 2 For the purposes i

tissues :

2.1.140

NOTE In this standard the restricted definition from 3.49 of IEC 61102 relating to a specified plane is used.

21141

TEMPORAL-AVERAGE INTENSITY

time-average of the instantaneous intensity at a particular point in an acoustic field
[3.53 of IEC 61102, modified]

Symbol: Ii5(z)
Unit: milliwatts per centimetre squared, mW cm-2
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2.1.142

THERMAL INDEX

ratio of attenuated acoustic power at a specified point to the attenuated acoustic power
required to raise the temperature at that point in a specific tissue model by 1 °C

Symbol: 77
Unit: None

2.1.143

TRANSDUCER ASSEMBLY
transducer housing (probe), any associated electronic circuitry and any liquids contained in the
housing and the integral cable which connects the transducer probe to an ultraseund console

[see 3.22 of IEC 61157]

2.1.144

TRANSMIT PATTERN

combination of a specific set of transducer beam-forming ch jned by the
; across the
aperture, resulting in a specific focal length and direction); 8 Q6etri grive waveform of

a specific fixed shape but variable amplitude

2.1.145

ULTRASONIC DIAGNOSTIC EQUIPMENT
MEDICAL ELECTRICAL EQUIPMENT whic¢h
examination for obtaining a medical diay

e ultrasonic and monitoring

NOTE See also definition 3.11 of IEC 61157: fmedical diagno
of the ultrasound instrument console and the TRANS

asonic equipment (or system) — combination
aking up a complete diagnostic system.

2.1.146
ULTRASONIC TRANSDUCER

device capable of ca
energy to eIectri

ergy to mechanical energy and/or mechanical
ifasonic frequency range

Documents

Document Sharing Hub

Full document details: IEC 60601-2-37 2001


http://www.avadocuments.com/doc/iec-60601-2-37-2001
http://www.avadocuments.com/doc/iec-60601-2-37-2001

-18 - 60601-2-37 O IEC:2001(E)

2.101 List of symbols

a ACOUSTIC ATTENUATION COEFFICIENT
Aaprt —12dB OUTPUT BEAM AREA

Cur NORMALIZING COEFFICIENT

Degq EQUIVALENT APERTURE DIAMETER

d_g PULSE BEAM WIDTH

deq EQUIVALENT BEAM DIAMETER

Sfawf ACOUSTIC WORKING FREQUENCY

Ipa PULSE-AVERAGE INTENSITY

Ipa,a ATTENUATED PULSE-AVERAGE INTENSITY
Ipi PULSE-INTENSITY INTEGRAL

Ipi,a ATTENUATED PULSE-INTENSITY INTEGRAL
Iia(2) TEMPORAL-AVERAGE INTENSITY

La, al2) ATTENUATED TEMPORAL-AVERAGE INTENSITY
Izpta(2) SPATIAL-PEAK TEMPORAL-AVERAGE INT
Izpta,a(2) ATTENUATED SPATIAL-PEAK TEMPORAL TENS
MI MECHANICAL INDEX

P OUTPUT POWER

Pg ATTENUATED OUTPUT POWER

P4

Pi

Pr

Pra

prr

TI

TIB

TIC

TIS

Iq

XY B OUTPUT BEAM DIMENSIONS

z DISTANCE FROM THE SOURCE TO A SPECIFIED POINT
Zh DEPTH FOR TIB

Zbp BREAK-POINT DEPTH

Zg DEPTH FOR TIS
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6 Identification, marking and documents
This clause of the General Standard applies except as follows:

6.1 Marking on the outside of EQUIPMENT or EQUIPMENT parts
Addition:

aa) Compliance with EMC requirements

Intra-corporal TRANSDUCER ASSEMBLIES that do not comply with the electromagnetic
compliance requirements of clause 36 shall have applied the following IEC symbol to the
TRANSDUCER ASSEMBLY: symbol 14 of table DI in annex D of the Gene

Replacement:

*p) Output

Replacement:

g) Physiological effects, symbols andwaming

MULTI-PURPOSE ULTRASONIC EQUIPME saund output levels subject to 51.2
bb) or dd) should carry the marking“describsd a bol 14 in table DI of annex D of the

General Standard, affixed to the \CONTRQL P other readily visible location. The
purpose of this marking\is tg-alert th RMo consult the INSTRUCTIONS FOR USE

RIAGNOSY
6.3 Marking of@t S
Additional items:

aa)

bb)

cc)
OPERATOR’S poSition, with the full name(s) or abbreviation(s) of the index (indices)
displayed.

6.8.2 INSTRUCTIONS FOR USE
Additional items:

aa) INSTRUCTIONS FOR USE shall contain the following:

1) the procedures necessary for safe operation, drawing attention to the safety hazards
which may occur as a result of an inadequate electrical installation when the APPLIED
PART of the ULTRASONIC DIAGNOSTIC EQUIPMENT is of TYPE B;

2) the type of electrical installation to which the ULTRASONIC DIAGNOSTIC EQUIPMENT may
be safely connected, including the connection of any POTENTIAL EQUALIZATION
CONDUCTOR,;
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