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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-37: Particular requirements for the basic safety
and essential performance of ultrasonic medical

diagnostic and monitoring equipment

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardjzation compri
Bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and electronic.fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). T
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
Mmay participate in this preparatory work. International, governmental and non-governmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely with<thé International Organizatior]
Standardization (ISO) in accordance with conditions determined by agreemént-between the two organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati
Consensus of opinion on the relevant subjects since each technical’ committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are-miade to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding natiomal-or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation efi conformity. Independent certification bodies provide confor
hssessment services and, in some areas,caccess to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they have_the latest edition of this publication.

No liability shall attach to IEC ofits directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag

bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable fqr the correct application of this publication.

EC draws attention to the possibility that the implementation of this document may involve the use off
patent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent righf
Fespect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), w
Mmay be'required to implement this document. However, implementers are cautioned that this may not repre
heslatest information, which may be obtained from the patent database available at https://patents.iec.ch.
shall.not be held responsible for identifying any or all such patent rights.
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[EC

Attention is drawn-to.the Normative references cited in this publication. Use of the referenced publicationjs is

(a)
s in
hich
ent
IEC

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 60601-2-37:2007+AMD1:2015 CSV. A vertical bar
appears in the margin wherever a change has been made. Additions are in green text,
deletions are in strikethrough red text.
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IEC 60601-2-37 has been prepared by subcommittee 62B: Medical imaging equipment,
software, and systems, of IEC technical committee 62: Medical equipment, software, and
systems. It is an International Standard.

This third edition cancels and replaces the second edition published in 2007 and
Amendment 1:2015. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

g g g
IEC 60601- 1 2005 IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020+4nd
its collateral standards IEC 60601-1-xx,

b) |technical and editorial changes as a result of maintenance to normative references;

c) |[technical and editorial changes resulting from relevant developments in T€)87 Ultrasorjics
standards. In particular, Clause 201.11 about protection against excesSive temperatufes
and other hazards has been fully revised.

The text of this International Standard is based on the following documents:

Draft Report on voting

62B/1318/CDV 62B/1348/RVC

Full information on the voting for its approval can be feund in the report on voting indicated in
thel above table.

The language used for the development of thisiinternational Standard is English.

This document was drafted in accordance-with ISO/IEC Directives, Part 2, and developed in
acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availaple
at Wwww.iec.ch/members_experts/refdocs. The main document types developed by IEC pre
degcribed in greater detail at www(iec.ch/publications.

In fhis document, the following print types are used:
— [requirements and definitions: roman type.
— |test specifications:italic type.

— |informative material appearing outside of tables, such as notes, examples and references: in smaller type.
Normative text of tables is also in a smaller type.

— |TERMS PEFINED IN CLAUSE 3 OF IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020, IN THIS DOCUMENT OR AS NOTED: SMALL CAPITALS.

In ftefetring to the structure of this document, the term

— "clause" means one of the seventeen numbered divisions within the table of contents,
inclusive of all subdivisions (e.g. Clause 7 includes subclauses 7.1, 7.2, etc.);

— "subclause" means a numbered subdivision of a clause (e.g. 7.1, 7.2 and 7.2.1 are all
subclauses of Clause 7).

References to clauses within this document are preceded by the term "Clause" followed by the
clause number. References to subclauses within this document are by number only.

In this document, the conjunctive "or" is used as an "inclusive or" so a statement is true if any
combination of the conditions is true.
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The verbal forms used in this document conform to usage described in Clause 7 of the ISO/IEC
Directives, Part 2. For the purposes of this document, the auxiliary verb:

"shall" means that compliance with a requirement or a test is mandatory for compliance with
this document;

— "should" means that compliance with a requirement or a test is recommended but is not
mandatory for compliance with this document;

— "may" is used to describe a permissible way to achieve compliance with a requirement or
test.

AnJasterisk () as the first character of a title or at the beginning of a paragraph or table fjtle
indjcates that there is guidance or rationale related to that item in Annex AA.

A list of all parts of the IEC 60601 series, published under the general title: Medical electrical
eqliipment, can be found on the IEC website

The¢ committee has decided that the contents of this document will remain unchanged until the
stapility date indicated on the IEC website under webstore.iec.ch in the-data related to fhe
spégcific document. At this date, the document will be

e |reconfirmed,
e |withdrawn, or

e |[revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicat'ts
tHat it contains colours which are considered to be useful for the correct understanding
of its contents. Users should thereforeprint this document using a colour printer.
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INTRODUCTION

In this document, safety requirements additional to those in—the—general—standard
IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012, and IEC 60601-1:2005/AMD2:2020 are
specified for ULTRASONIC DIAGNOSTIC EQUIPMENT.

A general guidance and rationale for the requirements of this document are given in Annex AA.

Knowledge of the reasons for these reqwrements WI|| not onIy facilitate the proper apphcatlon
of A d .
clini

Thy
DIAl

In pach case, the safety standard is intended to require increasing saphistication of output
display indicators and controls with increasing energy levels in the“interrogating field| of
diagnosis. Thus, for all such diagnostic modalities, it is the responsibility of the OPERATOR to
unferstand the risk of the output of the ULTRASONIC DIAGNOSTIE EQUIPMENT, and to jact
appropriately in order to obtain the needed diagnostic informationwith the minimum risk to the
PATIENT.

B e T A R 2 aspublishedyh 2007 -Since-that publicationthe parent
andard, C 80680 005, entered maintenante under which-an-amendmen C 6806p1-
1- 2005/ AMD1-2012) _and 3 consolidated edition 3 1 (IEC 6806801-1-2005_ _and IEC 6806801
AU o AV A9 1+5) A C—a—CoRSoOHGAHEe G—EetHoR—~<S——+—{HES ©You+ = oo—ahRa—E o OO+
1-2A005/AMD1-2012) werae nublisheaed ThisCamendment to 1EC 806801-2-37-2007 addrestes
HAJGO AL o2 ) Were—pPuUbHSReG: HHSEEHR e e ettt tE o SJout+—L—o L9 o—aGareSHesS
DN Hechnicalchanages—proposed-byNational- Committees—as—aresult of 4 vears—of practical
eeHcaH—6GCRaRgesSpProposSecooyReatHoa—sommeesasaFesSthtot—4a—years—otrpractcat
usages
2) ltachni | and aditorial chin racultin from tha ameaended aanaeral standhrd
=) 1tecC aHG—eGHo Cha SStht tHe—amenRcec—genera StahRapfra



https://iecnorm.com/api/?name=fabe04389eb47c4b24a8f24d529074ac

-8- IEC 60601-2-37:2024 RLV © |IEC 2024

MEDICAL ELECTRICAL EQUIPMENT -

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

H

A olanicac and o
P eo—atTaS

201.1 Scope, object and related standards

Clduse 1 of-the—general-standard |IEC 60601-1:2005, |IEC 60601-1:2005/AMDy*2012, gnd
IEG 60601-1:2005/AMD2:2020 applies, except as follows:

201.1.1 *Scope

Replacement:

This document applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of ULTRASONIC
DIAGNOSTIC EQUIPMENT as defined in 201.3.217, hereinafterreferred to as ME EQUIPMENT.

If § clause or subclause is specifically intended to besapplicable to ME EQUIPMENT only, or to
ME|[SYSTEMS only, the title and content of that clausé.or subclause will say so. If that is not the
cage, the clause or subclause applies both to ME.EQUIPMENT and to ME SYSTEMS, as relevani.

HAEARDS inherent in the intended physiological function of ME EQUIPMENT or ME SYSTEMS within
the|l scope of this document are not covered by specific requirements in this document excgpt
inf-2-43-anrd-8-4-1-of this-standard 20154.2.13.

This document does not cover ultrasonic therapeutic equipment. Equipment used for the

imgging or diagnosis of pbody structures by ultrasound in conjunction with other medijcal
prdcedures is covered.

201.1.2 Object

Replacement:

The¢ objeetof this document is to establish particular BASIC SAFETY and ESSENTIAL PERFORMANCE
requiremeénts for ULTRASONIC DIAGNOSTIC EQUIPMENT as defined in 201.3.217.

201.1.3 Collateral standards

Addition:

This document refers to those applicable collateral standards that are listed in Clause 2 of
IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 and
Clause 201.2 of this document.

IEC 60601-1-2:2014, IEC 60601-1-2:2014/AMD1:2020, IEC 60601-1-12:2014 and
IEC 60601-1-12:2014/AMD1:2020 apply as modified in Clause 202 and Clause 212 respectively.
All other published collateral standards in the IEC 60601-1 series apply as published.
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201.1.4 Particular standards

Replacement:

In the IEC 60601 series, particular standards may modify, replace or delete requirements
contained in—the—generalstandard |IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
I[EC 60601-1:2005/AMD2:2020 as appropriate for the particular ME EQUIPMENT under
consideration, and may add other BASIC SAFETY and ESSENTIAL PERFORMANCE requirements.

A requirement of a particular standard takes priority over-the—general-standard |[EC 60601-
1:2[005, TEC 6000 T-T:2005/AMD T:20T2Z and TEC 6000 T-1:20057/AMDZ:2020.

Eot hrovity
T FevH

Collateral standards are referred to by their document number.

The numbering of sections, clauses and subclauses of this document correspohds to that of the
I[EC 60601-1:2005, I|EC 60601-1:2005/AMD1:2012 ‘*and |EC 606p1-
:2005/AMD2:2020 with the prefix "201" (e.g. 201.1 in this document addresses the content of
Clguse 1 of-the—general-standard |[EC 60601-1:2005, IEC 60601-1T+2005/AMD1:2012 4nd
IEG 60601-1:2005/AMD2:2020) or applicable collateral standard with-the prefix "20x" where x

addresses the content of Clause 6 of the IEC 60601-1-2 collateral standard, 203.4 in this
dog¢ument addresses the content of Clause 4 of the IEC 6@601-1-3 collateral standard, etf.)

changes to the text of—the—general—standard  |IEC 60601-1:2005, IEC 606 1;
:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 are specified by the use of the followjing

"Re¢placement" means that the clause or subclause of-the-general-standard IEC 60601-1:2005,
IEG 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 or applicable collatgral
dard is replaced completely by this document.

"Addition" means that the text of this.doCcument is additional to the requirements of-the-gengral
stapdard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 606P1-
1:2005/AMD2:2020 or applicable<gollateral standard.

"Amendment" means that the'clause or subclause of-the-general-standard IEC 60601-1:20p05,
IE¢ 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 or applicable collatgral
stapdard is amendedas indicated by the text of this document.

Subclauses, figures or tables which are additional to those of the general standard pre
numbered starting from 201.101. However, due to the fact that definitions in the gengral
stahdard ape\pumbered 3.1 through 3.154, additional definitions in this document are numbefed
beginningfrom 201.3.201. Additional annexes are lettered AA, BB, etc., and additional itgms
aa), bbl, etc.

Subclauses or figures which are additional to those of a collateral standard are numbered
starting from 20x, where "x" is the number of the collateral standard, e.g. 202 for IEC 60601-1-2,
203 for IEC 60601-1-3, etc.

The term "this document” is used to make reference to the-generalstandard IEC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020, any applicable collateral
standards and this document taken together.

Where there is no corresponding section, clause or subclause in this document, the section,
clause or subclause of-the-generalstandard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012
and IEC 60601-1:2005/AMD2:2020 or applicable collateral standard, although possibly not
relevant, applies without modification; where it is intended that any part of-the-generalstandard
IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 or
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applicable collateral standard, although possibly relevant, is not to be applied, a statement to

tha

t effect is given in this document.

201.2 Normative references

Clause 2 of-the—general-standard |[EC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies except as follows:

Addition:

IE(

IEQ
IE(

IEQ
saf

60601-1:2005/AMD1:2012*
60601-1:2005/AMD2:2020

60601-1-12:2014, Medical electrical equipment — Part 1-12: General requjrements for ba
ety and essential performance — Collateral Standard: Requirementscfor medical electr

60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic sallety
andl essential performance

sic
cal

equiipment and medical electrical systems intended for use in the emergéhcy medical serviges
envyironment

IEG 60601-1-12:2014/AMD1:2020

IEQ 60601-2-18:2009, Medical electrical equipment — Part 2618 Particular requirements for fhe
bagic safety and essential performance of endoscopic equipment

IEQ 62127-1:20072022, Ultrasonics - Hydrophopes - Part 1: Measurement and
characterization of medical ultrasonic fields-up-to-40-MHz

1EQ-62127-1:2007/AMD1:20432

IEQ 62359:2010, Ultrasonics — Field characterization — Test methods for the determination of
thermal and mechanical indices related to medical diagnostic ultrasonic fields

IEG 62359:2010/AMD1:2017

CI$PR 11:2024, Industrial, scientific and medical equipment — Radio-frequency disturbafce
chgracteristics — Limits and methods of measurement

201.3 Terms and.definitions

For the purposes(of this document, the terms and definitions given in-the-general-standprd
IEG 60601-1:2005; IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 and in
IEQ 62359 and-the following apply.

ISQ and,NEC maintain terminology databases for use in standardization at the followjing
ad1iresses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp

NOTE 1 An index of defined terms is given after the Bibliography.

NOTE 2 A list of symbols used in this document is found in Table 201.101.
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Addition:

201.3.201
BONE THERMAL INDEX
TIB

THERMAL INDEX for applications such as foetal (second and third trimester),

in which the

ultrasound beam passes through soft tissue and a focal region is in the immediate vicinity of

H.]

bone

Unit: None

[SOQURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.17, modified —lheudeﬂmtlfen
nojlongerrefers-to-neonatalcephalic-applications,—and The or|g|nal notes have been delete
201.3.202

COMBINED-OPERATING MODE

molde of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that combines morethan one DISCRE
OPERATING MODE

201.3.203
CRANIAL-BONE THERMAL INDEX

Tl

THERMAL INDEX for applications, in which the ultrasound beam~passes through bone near
beam entrance into the body, such as paediatric and¢adult cranial or neonatal ceph

ap
Un

[S(
e

deleted.]

207
DEH
Sp§
PAT

lications

t: None

The original notes have b

.3.204

AULT SETTING

cific state of control the ULTRASONIC DIAGNOSTIC EQUIPMENT will enter upon power-up,
IENT select, or change frem’non-foetal to foetal applications

ind

1.3.205

RETE-OPERATING MODE

)URCE IEC 62359:2010 and IEC 62359: 2010/AMD1 2017, 3.21, modified —W
! n

the
hlic

e

new

ne

ependent of direct OPERATOR control

201.3.207

INV.

ASIVE TRANSDUCER ASSEMBLY

put

transducer which, in whole or in part, penetrates inside the body, either through a body orifice
or through the surface of the body
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201.3.208

Indicator of the risk for bioeffects due to mechanical or nonthermal mechanisms, such as
cavitation

Symbol: M/

Unit: None

Notg 1 to entry: See IEC 62359 for methods of determining the MECHANICAL INDEX.

201.3.209
MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT
ULTRASONIC DIAGNOSTIC EQUIPMENT that is intended for more than one clinical application

201.3.210

NON-SCANNING MODE
mojde of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that involves a.sequence of ultrasgnic
pulses that give rise to ultrasonic scan lines that follow the same acoustic path

201.3.211
PR\l/_’DENT USE STATEMENT

affirmation of the principle that only necessary clinical inférmation should be acquired and that
high exposure levels and long exposure times should be‘avoided
[SQURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.40—medified—The-definifion
|

201.3.212

SCANNING MODE
mojde of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that involves a sequence of ultrasgnic
pulses that give rise to scan lines that do not follow the same acoustic path

201.3.213

SOFT TISSUE THERMAL INDEX
TIS
THERMAL INDEX related-to soft tissues

Un|t: None
[SQURCE:AEC 62359:2010, 3.52, modified — The original notes have been deleted.]

201.3:214
THERMAL INDEX
Ti

indicator of the risk of bioeffect due to thermal mechanisms expressed as the ratio of
ATTENUATED OUTPUT POWER at a specified point to the ATTENUATED OUTPUT POWER required to
raise the temperature at that point in a specific tissue model by 1 °C

Unit: None

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.56, modified ——Fhe—term

A N

roWER" Addition of “indicator of the risk of bioeffect due to thermal mechanisms expressed as
the”, and the original note has been deleted.]
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201.3.215

TRANSDUCER ASSEMBLY

those parts of ULTRASONIC DIAGNOSTIC EQUIPMENT comprising either the ULTRASONIC TRANSDUCER
and/er the ULTRASONIC TRANSDUCER ELEMENT GROUP, or both, together with any integral
components, such as an acoustic lens or integral stand-off

Note 1 to entry: The TRANSDUCER ASSEMBLY is usually separable from the ultrasound instrument console.

[SOURCE:—-EC-62127-1:2007,3-69 IEC 62359:2010 and IEC 62359:2010AMD1:2017, 3.57,
modified —the-eriginal-term "medical diagnostic ultrasound equipment" has been replaced by
"ULTIRASONIC DIAGNOSTIC EQUIPMENT" in the definition ]

201.3.216

TRANSMIT PATTERN
combination of a specific set of transducer beam-forming characteristics (determined by the
trapsmit aperture size, apodisation shape, and relative timing/phase delay pattern across fhe
apgrture, resulting in a specific focal length and direction), and an electrical“drive waveforn} of
a specific fixed shape but variable amplitude

[SQURCE: IEC 62359:2010, 3.58]

201.3.217
ULTRASONIC DIAGNOSTIC EQUIPMENT
MEDPICAL ELECTRICAL EQUIPMENT that is intended for ultrasonie*medical examination

201.3.218

ULTRASONIC TRANSDUCER
deyice capable of converting electrical energy.to mechanical energy within the ultrasgnic
frequency range and/er reciprocally of converting mechanical energy to electrical energy

[SQURCE:HEC-62127-1:2004AMDB1:204323-73 IEC 62127-1:2022, 3.88]

201.3.219

ATTENUATED PULSE-AVERAGE INTENSITY
paja

valie of the acoustic PULSE-AVERAGE INTENSITY after attenuation and at a specified point, @nd
given by

, L .o (azf (/10 dB)
Toa,a ~ 'patZ)/ v

—azfy,f/10dB
fpac (2) = pa (2) 1077t 108) (1)
where
a is the ACOUSTIC ATTENUATION COEFFICIENT as defined in IEC 62359:2010, definition 3.1;
z is the distance from the EXTERNAL TRANSDUCER APERTURE to the point of interest;
fawt is the ACOUSTIC WORKING FREQUENCY as defined in IEC 62359:2010 and

IEC 62359:2010/AMD1:2017, definition 3.4;

lpa(z) is the PULSE-AVERAGE INTENSITY measured in water as defined inHEGC-62127-1:2007
andHEC-62127-1:2007/AMB1:2013 definition3-47 |IEC 62127-1:2022, 3.53.

Unit: W m—2
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201.3.220
NUMBER OF PULSES PER ULTRASONIC SCAN LINE

n
pps
number of acoustic pulses travelling along a particular ULTRASONIC SCAN LINE

Note 1 to entry: Here ULTRASONIC SCAN LINE refers to the path of acoustic pulses on a particular BEAM AXIS in
SCANNING and NON-SCANNING MODES.

Note 2 to entry: This number can be used in the calculation of any ultrasound temporal average value from
HYDROPHONE measurements.

Notg

; the
NUMBER OF ULTRASONIC SCAN LINES (";" indicates the end of a frame):

1284;1234,1234..n =1;n =4

ps sl

1

=N

023344,11228844;..n  =2n,=4

1

=N

11222233334444;1111222233334444; ...npps=4;nsl=4

11223344111222333444;11223344111222333444, ...npps=5;nsl=4(withinoneframe
the jpulses down each line may not occur contiguously).

Within one frame, all scan lines may not have the same n

Nopd = 1,5; max Nops = 2; ny = 4

pps value. An example-disi 122334;122334; ..|lavg

[SOURCE: IEC 61157:2007/AMD1:2013, 3.45, modified <The fourth example in the Note 3 to
enfry has been corrected.]

201.3.221
ULTRASOUND ENDOSCOPE
ENDOSCOPE with built-in ULTRASOUND TRANSDUCERS

201.3.222

ENDOSCOPE
me[dical instrument having viewing means, with or without optics, introduced into a body cayity
thrpugh a natural or surgically created body opening for examination, diagnosis or therapy

Notg 1 to entry: ENDOSCOPES may'be of rigid, flexible or capsule type, each of which may have different imjage
picd-up systems (e.g. via lenses+~or electronic/ultrasonic sensors) and different image transmission systems (e.g.
optigal (via lenses or fibre bundtles), or electrical/electronic).

Notg 2 to entry: Note-to entry differs from NOTE 1 of definition 3.1 in ISO 8600-1 in order to include 'capdule'
endpscopes.

[SOURCE: IEC-60601-2-18:2009, 201.3.203]

201.3,223
DERTH/FOR PEAK PULSE-INTENSITY INTEGRAL

depth z on the BEAM AXIS and beyond the BREAK-POINT DEPTH z,, from the external transducer

aperture to the plane of maximum PULSE-INTENSITY INTEGRAL (pii) as approximated by the PULSE-
PRESSURE-SQUARED INTEGRAL (ppsi)

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.24, modified — Notes to entry
1, 2 and 3 deleted.]
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201.3.224
DEPTH FOR PEAK ATTENUATED PULSE-INTENSITY INTEGRAL

depth z on the BEAM AXIS and beyond the BREAK-POINT DEPTH Zpp of peak ATTENUATED PULSE-
INTENSITY INTEGRAL

Unit: m

Notg 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359.

[SQURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.71, modified —pMain tgrm
“ddpth for maximum P, o replaced with “depth for peak attenuated pulse-intepsity integrpl”,
Notes to entry 1, 2 and 3 deleted and addition of a new Note to entry. ]

201.3.225

DERTH FOR PEAK SUM OF PULSE-INTENSITY INTEGRALS

Zgji

pogition—of —maximum—SPATIAL-PEAK—TEMPORAL-AVERAGE —INFENSITY—for —SCANNING—MQDE

i ;Zonthe BEAM-AXIS
emqpeﬂeH%sTdetepwaedﬂbeyend%{LBREM@PeMDEPiH,—sz,

depth z on the BEAM AXIS and beyond the BREAK-POINT DEPTH Zpp of peak SCAN-INTENYITY
INTEGRAL

Unlt: m

Notg 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359.

Notg 2 to entry: The subscript 'sii' indicates the scan intensity integral (sii). The sii for SCANNING MODE compongnts
at g|particular point is determined from the sum over a complete scan frame of the PULSE-INTENSITY INTEGRALS offthe
ULTRASONIC SCAN LINES that make up the scanfiing components of a combined mode. Non-scanned components|are
excluded from the sum. See IEC 62359 and~lEC 62127-1 for more details.

[SQURCE: IEC 62359:2010 and “IEC 62359:2010/AMD1:2017, 3.74, modified — Main tgrm
“d(lpth for maximum sii” replaced with “depth for peak sum of pulse-intensity integrals”, Notes
to éntry 1, 2 and 3 deleted.and addition of new Notes 1 and 2 to entry.]

201.3.226
DERTH FOR PEAK SUM OF ATTENUATED PULSE-INTENSITY INTEGRALS

Zgi

Z
®

4

nogi
POy

MO

deptiz0n the BEAM AXIS and beyond the BREAK-POINT DEPTH zp, of peak ATTENUATED SCAN-

INTENSITY INTEGRAL

Unit: m

Note 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359.

Note 2 to entry: The subscript "sii" indicates the "scan intensity integral" that is the sum at a particular point of the
PULSE-INTENSITY INTEGRALS of the ULTRASONIC SCAN LINES comprising a SCANNING MODE component. See |IEC 62359
and IEC 62127-1 for additional details.

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.75, modified — Main term
‘depth for maximum sii,” replaced with “depth for peak sum of attenuated pulse-intensity

integrals”, addition of “peak” in the definition, Notes to entry 1, 2 and 3 deleted and addition of
new Notes 1 and 2 to entry.]
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201.3.227
DEPTH FOR MECHANICAL INDEX

z
MI
depth on the BEAM-AXIS from the EXTERNAL TRANSDUCER APERTURE to the plane of maximum

AJ:FENU-AJZED—PHJTS%I-N:FENSH')FFN:FEGR—A-L—(-Q#GA ATTENUATED PULSE-PRESSURE-SQUARED-INTEGRAL
(ppsi,)

Unit: m

[S

URCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.23]

20
THE
AT,
dif
ste
te
wa

Not

201
uLl
acq
20

[SQ

.3.228
RMAL OFFSET

ffset
rence between a) the temperature of the APPLIED PART of the TRANSDUCER ASSEMBLY
dy-state in the measurement setting before transmitting begins and k)\the steady-st
perature at the same location in the measurement setting when the TRANSDUCER ASSEM
5 not present

e 1 to entry:  The value of the THERMAL OFFSET can be positive, negative or Zete’

.3.229

RASOUND

ustic oscillation whose frequency is above the high-frequency limit of audible sound (ab
kHz)

DURCE: IEC 60050-802:2011, 802-01-01]

Table 201.101~ List of symbols

Ate
BLY

put

Slymbol Term Reference
AEprt = —-12 dB OUTPUT BEAM AREA IEC 62359
deq = EQUIVALENT BEAM DIAMETER IEC 62359
ol = ACOUSTIC WORKING.FREQUENCY IEC 62359
Ip( “ = ATTENUATED,PULSE-AVERAGE INTENSITY
pi = PULSE-INTENSITY INTEGRAL IEC 62359
i, = ATTENUATED PULSE-INTENSITY INTEGRAL IEC 62359
sdpa,« =(ATTENUATED SPATIAL-PEAK PULSE-AVERAGE INTENSITY IEC 62359
ISFta = SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY IEC 62359
sdta & = ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY IEC 62359
ha.q (2) = ATTENUATED TEMPORAL-AVERAGE INTENSITY IEC 62359
Mi = MECHANICAL INDEX IEC 62359
Nops = NUMBER OF PULSES PER ULTRASONIC SCAN LINE IEC 61157
P = OUTPUT POWER IEC 62359
P = BOUNDED-SQUARE OUTPUT POWER IEC 62359
P, = ATTENUATED OUTPUT POWER IEC 62359
Py g = ATTENUATED PEAK-RAREFACTIONAL ACOUSTIC PRESSURE IEC 62359
P, = PEAK-RAREFACTIONAL ACOUSTIC PRESSURE IEC 62359
prr = PULSE REPETITION RATE IEC 62359
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Symbol Term Reference

srr = SCAN REPETITION RATE IEC 62127-1

Tl = THERMAL INDEX IEC 62359

TIB = BONE THERMAL INDEX IEC 62359

TIC = CRANIAL-BONE THERMAL INDEX IEC 62359

TIS = SOFT-TISSUE THERMAL INDEX IEC 62359

ty = PULSE DURATION IEC 62359

XY =—12 dB OUTPUT BEAM DIMENSIONS |IEC 62359

z, = DEPTH FOR BONE THERMAL INDEX IEC 62359

z,| = BREAK-POINT DEPTH IEC 62359

Z,\ = DEPTH FOR PEAK PULSE-INTENSITY INTEGRAL IEC~62359

z,l = DEPTH FOR MECHANICAL INDEX IEC 62359

EA = DEPTH FOR PEAK ATTENUATED PULSE INTENSITY INTEGRAL IEC 62359

z | = DEPTH FOR PEAK SUM OF PULSE INTENSITY INTEGRALS IEC 62359

zf = DEPTH FOR PEAK SUM OF ATTENUATED PULSE INTENSITY INTEGRALS IEC 62359

zg = DEPTH FOR TIS IEC 62359

AT ttsot = THERMAL OFFSET

ATy = temperature rise caused by the TRANSDUCER ASSEMBLY transmitting
201.4 General requirements
Clguse 4 of-the—generalstandard |[EC 60601-1:2005, |IEC 60601-1:2005/AMD1:2012 4nd
IEG 60601-1:2005/AMD2:2020 applies;except as follows:
201.4.1 Conditions for application to ME EQUIPMENT or ME SYSTEMS
Ad{lition:
An| ULTRASOUND ENDOSCOPE where the imaging means is limited to ultrasound shall |be
cornsidered an ULTRASOUND TRANSDUCER and shall meet the requirements of this document.
NOTE 1 Examples ™ of such ULTRASOUND TRANSDUCERS include transvaginal, transesophageal (TEE), re¢tal,
lapgroscopic and,other similar intra-cavity probes.
An[ULTRASOUND ENDOSCOPE having imaging means in addition to ultrasound shall also meet the
requitements of 201.11.6.5 of IEC 60601-2-18:2009.

NOTE 2 Examples of such additional imaging means include optical and CCD.

201.4.3 ESSENTIAL PERFORMANCE

Additional subclause:

201.4.3.101

Additional ESSENTIAL PERFORMANCE requirements

Table 201.102 lists the potential sources of unacceptable risk identified to characterize the
ESSENTIAL PERFORMANCE of ULTRASONIC DIAGNOSTIC EQUIPMENT and the subclauses in which the
requirements are found.
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Table 201.102 - Distributed essential performance requirements

Requirement Subclause

Free from noise on a waveform or artefacts or distortion in an image or error of a
displayed numerical value which cannot be attributed to a physiological effect and which 202.6-2-1-10202.8.1
may can alter the diagnosis.

Free from the display of incorrect numerical values associated with the diagnosis to be

performed 2. 202.8.1

201.12.4.2

202.6.2.1.10202.8.1
201.10.101
202-6-2146202.9.1

Free from the display of incorrect safety-related indications.?

Free from the production of unintended or excessive ultrasound output.

Free from the production of unintended or excessive TRANSDUCER ASSEMBLY surface 202.63 4 16202.4 1
temperature. 3" 1

Free from the production of unintended or uncontrolled motion of TRANSDUCER

ASISEMBLIES intended for intra-corporeal use. 202.9.1

a8 | "incorrect" in the sense that the displayed value differs from what is calculated (havihg been altered durihg
data transfer), or the calculation itself is not correct.

NOFE—In some circumstances the need for the repetition of an ultrasound examination should
be| evaluated as a—peotential-hazard HAZARDOUS SITUATION, for example, intra-corporeal
investigation and stress testing for cardiopathic PATIENTS:

201.5 General requirements for testing ME'EQUIPMENT

Cldguse 5 of-the—general-standard |[EC 60601-1:2005, |IEC 60601-1:2005/AMD1:2012 &gnd
IE¢ 60601-1:2005/AMD2:2020 applies.

2011.6 Classification of ME EQUIPMENT and ME SYSTEMS

Clduse 6 of-the—general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 4gnd
IE¢ 60601-1:2005/AMD2:2020 ;applies.

201.7 ME EQUIPMENT-identification, marking and documents

Clduse 7 of-the{general-standard |[EC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 4gnd
IEG 60601-1:20056/AMD2:2020 applies, except as follows:

201.7.2.9 1P classification

Addition:

If the specified IPX classification is applicable for only part of the TRANSDUCER ASSEMBLY, the
marking of the IPX code on the TRANSDUCER ASSEMBLY is not required.

201.7.2.13 *Physiological effects (SAFETY SIGNS and warning statements)

Addition:

A description of the means used to limit the surface heating of INVASIVE TRANSDUCER ASSEMBLIES
to no more than 43 °C in the event of a SINGLE FAULT CONDITION shall be provided in accordance
with the requirements of Clause 12.
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Additional subclause:

201.7.2.101 *Acoustic output

For ULTRASONIC DIAGNOSTIC EQUIPMENT capable of generating output levels subject to 201.12.4.2
and which allows the OPERATOR to directly vary the output levels, the effect of adjusting the
control which varies the output level shall be clear. The marking shall be of the nature of an
active display.

A display of THERMAL INDEX and MECHANICAL INDEX shall be provided in accordance with the
requi ] 12, Wi i uracy ] i 1=
Clause 201.12.

A display relevant to ultrasound output levels (Clause 201.12) shall be clearly visible from the
OPERATOR'S position, with the full name(s) or abbreviation(s) of the index (indices), displayed.

201.7.9.2.2 *Warning and safety notices

Addition:

Fol ULTRASONIC DIAGNOSTIC EQUIPMENT capable of generating- output levels subject| to
Clduse 201.12, information shall be provided to the OPERATOR(®©R how to interpret the displayed
ultfasonic exposure parameters, THERMAL INDEX (T/) and MECHANICAL INDEX (M/) accordingd to
thel guidance given in Annex CC.

The procedures necessary for safe operation shall be provided, drawing attention to the saflety
hazards that-may can occur as a result of an inadequate electrical installation when the APPUIED
PART of the ULTRASONIC DIAGNOSTIC EQUIPMENT js)a TYPE B APPLIED PART.

Insftruction on the safe use of TRANSDUCER"ASSEMBLIES shall be provided, and, in particular,
insfructions to ensure that the ULTRASONIC DIAGNOSTIC EQUIPMENT is of the correct type for|its
intended application; for TRANSDUCERASSEMBLIES intended for intra-corporeal use, a warninI in

the| instructions not to activate the “TRANSDUCER ASSEMBLY outside the PATIENT'S body if the
TRANSDUCER ASSEMBLY, when so*activated, would not comply with electromagnetic compliapce
requirements and-may can cause harmful interference with other equipment in the environment.
The identification of interference with other equipment and mitigation techniques shall|be
included in the ACCOMPANYING DOCUMENTS if the MANUFACTURER claims a reduction in test levels.

A notice shall be provided if the ULTRASONIC DIAGNOSTIC EQUIPMENT or parts thereof are provided
with protective means against burns to the PATIENT when used with high frequency (HF) surgical
eqliipment. If.ne 'such means are incorporated, notice shall be given in the ACCOMPANY|NG
DOCUMENTS~and advice shall be given regarding the location and use of the TRANSDUGER
AS$EMBLY Mo reduce the hazard of burns in the event of a defect in the HF surgical neutral
electrode connection.

A PRUDENT USE STATEMENT shall be provided for ULTRASONIC DIAGNOSTIC EQUIPMENT capable of
generating output levels subject to 201.12.4.2.

Descriptions shall be provided of any display or means relevant to ultrasound output by which
the OPERATOR-may can modify the operation of the ULTRASONIC DIAGNOSTIC EQUIPMENT. These
descriptions shall be in a separate section.

A description of any display or means by which the OPERATOR may modify the operation of the
ULTRASONIC DIAGNOSTIC EQUIPMENT relevant to surface temperature for INVASIVE TRANSDUCER
ASSEMBLIES intended for trans-oesophageal use shall be provided.
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A description of those parts of the TRANSDUCER ASSEMBLY that are permitted to be immersed in
water or other liquids either for NORMAL USE or performance assessment purposes shall be
provided.

A recommendation calling the OPERATOR'S attention to the need for regular testing and periodic
maintenance including inspection of the TRANSDUCER ASSEMBLY for cracks that allow the ingress
of conductive fluid shall be provided.

Instructions shall be provided regarding the avoidance of unintended control settings and
acoustic output levels.

Ou
DO
deq

Trd

fput limits selected according to 201.12.4.5.1 shall be declared in the ACCOMPANY
CUMENTS. For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT the output limjts<shall
lared for each application.

nsesophageal probes shall be removed from the PATIENT prior to applicatioh of a defibrilla

The outer surface of the portions of TRANSDUCER ASSEMBLY which is intended to be inserted i

a A

ATIENT should be checked to ensure that there are no unintendéd rough surfaces, sh

edges or protrusions which-may can cause harm.

As

the use of ULTRASONIC DIAGNOSTIC EQUIPMENT is increasing-in the home care area, spe

attention should be paid to provide information to this type of\user. How this is addressed sho

be

201

Re

Thy
are

201
Ad

Aft

NO

201

documented in the RISK MANAGEMENT FILE. See |I[EC 60601-1-11.

.7.9.2.10 Messages

blacement of the first paragraph:

e instructions for use shall list all systemvmessages, error messages and fault messages t

.7.9.2.12 Cleaning, disinfection and sterilization

ition:

br second dashed jtem, add:

cleaning, disinfection or sterilization cycle, and method(s) of inspection.

[E This listyof parameters is neither exhaustive nor mandatory.

.7.9.3" Technical description

generated and are visible to the ORERATOR, unless these messages are self-explanatory.

NG
be

or.

hto

arp

Cial
uld

hat

a list of the pefrtifrent parts, components and/er functions that should be checked after each

Ad

201.7.9.3.101 *Technical data regarding acoustic output levels

For each mode, provide the maximum value of each THERMAL and MECHANICAL INDEX. These
data shall be provided following Table 201.103 and listed in the ACCOMPANYING DOCUMENTS.

Numerical values shall be entered in the cells indicated with "v™".

The equipment setting related to each index shall be entered in the "operating control
conditions" section of Table 201.103.
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For a TRANSDUCER ASSEMBLY and ultrasound instrument console that satisfies all of the
exemption conditions cited in 201.12.4.2 a) and bc), information declared in the ACCOMPANYING
DOCUMENTS shall state that the THERMAL INDICES are 0,7 or less and the MECHANICAL INDEX is 1,0
or less for all device settings. If 201.12.4.2 b) and c) are satisfied instead of a) and c¢), the value
of 0,7 for THERMAL INDICES in this statement shall be replaced with 1,0.

NOTE 1 For Table 201.103, see Annex AA for a description of "Maximum Index Value' and (for T/S and TI/B) 'Index
Component Values'.

NOTE 2 An operating mode can be interpreted to be any DISCRETE-OPERATING MODE (like B, M) as well as any
COMBINED-OPERATING MODE (like B+D+CFM).

NOTE 3 Per IEC 62359:2010 and IEC 62359:2010/AMD1:2017, the z_ and z, values are entered for non-scanned
(component) modes.

NOTE 4 According to 201.3.201, in the T/IB model the bone tissue is located below a soft tissue. Theyefore the '|TIB
at sjurface" component is equal to the "TIS at surface" component, not T/C.

NOTE 5 Annex EE provides an example table to allow 3" parties to recalculate the T/ ahd M/ values for dach
operating mode, including the contributions from each mode in COMBINED-OPERATING MODES,
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Table 201.103 — Acoustic output reporting table
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Index component value

Jperating
control
bnditions

[¢]

P, atz,, (MPa)
P (mW)
P (mW)
Acoustic s (cm)
Pgrameters z, (cm)
z,, (cm) v
2, (cm) v
fow (MHz) v
prr (Hz) v
srr (Hz) v
Noos v
Other lao @t 2, , (W/cm?) v
Information 5
lspta,a at 2,10 OF zm.’a(mW/cm ) v
Ispta @t 2, 0T 2, (mW/cm?) v
patz,, (MPa) v 5\

MODE
mi TIS TIB TiC
Index label At Below At Below
surface | surface | surface | surface
Maximum index value v v v v

Control 1 L\
Control 2 ;\Q“
Control 3 A )
Control 4 \L\V
Control 5 ‘\O\

Control x ‘\\ :

NO|

TI§or TIB.

NOJTE 3

NO|

NOTE 5

MODES.

E 2 Data

NOTE 6 The depths Z,; and z

ation need not be provided regarding T/C for any TRANSDUCER ASSEMBLY not intended

to TIS, TIB or TIC.

pii,a

NS
NO[E 1 Only one ot@ng condition per index.

4&@6—9«9—994@94 for "at surface" and "below surface" are entered in both the columns relate
traf scra@ﬁor neonatal cephalic uses.

apply to NON-SCANNING MODES, while the depths z ;. and z

sii,a

to

for

If the requirements of 201.12.4.2b2c) are met, it is not required to enter any data in the column related to

apply to SCANNING

ted
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201.8 Protection against electrical HAZARDS from ME EQUIPMENT

Clause 8 of-the—general-standard |[EC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
I[EC 60601-1:2005/AMD2:2020 applies, except as follows:

201.8.7.4.7 Measurement of the PATIENT LEAKAGE CURRENT

Addition:

aa)

For testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersed in a 0,9 %

201
Ad

Fo
sol

201
Ad

aa

201
Ad

and, for ultrasonic transducer assemblies @nly, where T, is

201

Ad

Th

20

Clg

Saline solution.
.8.7.4.8 Measurement of the PATIENT AUXILIARY CURRENT
Hition:

testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersegd\in a 0,9 % sa
ition.

.8.8.3 Dielectric strength
Hition:

For testing the TRANSDUCER ASSEMBLIES, the APPLIED.PART shall be immersed in a 0,4
saline solution.

.8.9.3.4 Thermal cycling

ition, at the end of the first paragraph:

10 °C above the maximum allowable temperature specified in the ACCOMPANY|
DOCUMENTS for cleaning, disinfection, sterilization, normal use or storage.

devices
dition:

s subclause ddes not apply to ULTRASONIC TRANSDUCER ASSEMBLIES.

IE(

60601-1:2005/AMD2:2020 applies.

201.10 Protection against unwanted and excessive radiation HAZARDS

ine

%

NG

.8.10.4 Cord-connected HAND-HELD parts and cord-connected foot-operated confrol

1.9 Protection against MECHANICAL HAZARDS of ME EQUIPMENT and ME SYSTEMS

use\ 9 of-the—general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 Tnd

Clause 10 of-the—general-standard |IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
I[EC 60601-1:2005/AMD2:2020 applies except as follows:
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Additional subclause:

201.10.101 *Ultrasonic energy

The MANUFACTURER shall address the RISKS associated with ultrasonic energy in the RISK
MANAGEMENT PROCESS as described in the text of this document.

Compliance is checked by inspection of the RISK MANAGEMENT FILE.

Acoustic output shall be switched off when the signal acquisition is stopped (i.e.: the "freeze"

feafture is enabled).

20

1.11 Protection against excessive temperatures and other HAZARDS

Clduse 11 of-the—general-standard |IEC 60601-1:2005, |IEC 60601-1:2005/AMD1:2012 and
IEG 60601-1:2005/AMD2:2020 applies, except as follows:

201.11.1.2.2 *APPLIED PARTS not intended to supply heat to a PATIENT

Adflition:

TRANSDUCER ASSEMBLIES applied to the PATIENT shall have a PATIENT contact surface
tempperature not exceeding 43 °C in NORMAL CONDITIONS whenh measured under test conditipns
201.11.1.3.101.1.

TRANSDUCER ASSEMBLIES applied to the PATIENT “shall have a PATIENT contact surface

tenpperature not exceeding 50 °C when measured.under test conditions 201.11.1.3.101.2.

Co
tes

NO
the

201
Ad

Fo
tex|

Co
MA

mpliance is checked by operation of the( ULTRASONIC DIAGNOSTIC EQUIPMENT and temperat
ts as described in 201.11.1.3.

[E PATIENT contact surface includes any: part of the APPLIED PART, not just the radiating surface, but exclu
cable.

.11.1.3 *Measurements
dition:

the applied part of the TRANSDUCER ASSEMBLY, replace the third paragraph and the remain
{ of the subclause with the following:

mpliance_with the requirements of 11.1.1 and 11.1.2 is checked by inspection of the R
NAGEMENT FILE.

ling

ing

ISK

20

For the purposes of this test, thermal steady state is considered reached when the rate of
change of temperature is < 0,12 °C per minute for three consecutive minutes.

The TRANSDUCER ASSEMBLY shall be tested under the following conditions:

201.11.1.3.101.1 * Simulated use

The APPLIED PART of the TRANSDUCER ASSEMBLY shall be coupled acoustically to, and be initially
in thermal-equilibriti steady-state with, a test object such that the ultrasound emitted from the
active surface of the TRANSDUCER ASSEMBLY enters the test object.
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The-pesitioning—and heating or cooling of the TRANSDUCER ASSEMBLY and the positioning of
TRANSDUCER ASSEMBLY relative to the test object shall resemble those corresponding to the
intended application of that TRANSDUCER ASSEMBLY. This includes using a typical amount of
ultrasound coupling medium appropriate to the intended application.

The temperature shall be measured at the point on the APPLIED PART of the ULTRASONIC
TRANSDUCER ASSEMBLY that contacts the PATIENT during NORMAL USE and where the temperature
is @ maximum.

The test object shall have thermal and acoustical properties mimicking those of an appropriate
tisgue. In the case where the TRANSDUCER ASSEMBLY Is intended for external use this test object
shall account for a skin layer.

For soft tissue, the material of the test object shall have the following properties:

— |specific heat capacity: (3 500 £ 500) J/(kg-K);
— |thermal conductivity: (0,5 %+ 0,1) W/(m-K);
— |attenuation at 5 MHz: (2,5 % 1,0) dB/cm.

NOTE 1 A general guidance for the acoustic properties of appropriate tissue is'given in ICRU report 61[1]3.

NOTE 2 As heat develops differently in tissue surfaces containing skin, bone or soft tissue,-careful-considerafion
shopld-be-given it is important to consider the choice of the model in relation to the intended use of the APPLIED PART.
Additional guidance can be found in Annex DD and [2].

Yal
1aS] =2

NOJE 3 Forthe

mmav-Besconsideredreached when-the rate of chan
g e-constaereareachec-wnehthefrateo+cha
o = e

The test object shall be designed (for example, using acoustic absorbers) to reduce heating fhe
sufiface of the TRANSDUCER ASSEMBLY by minimizing ultrasound reflections.

Te$t method a) or b) specified below shall be selected.

Te$t method a) shall be used where the ULTRASOUND DIAGNOSTIC EQUIPMENT uses a closed Igop
tempperature monitoring system, asthe use of test method b) could result in inappropriate resilts.
e |the temperature of thetest object should be stable,

e |and after contact with each other, the temperature at the test object / APPLIED PART interface
should be stable-before the measurement is started.

a) | Test criteria based on peak temperature measurements.
The ambienttemperature shall be 23 °C + 3 °C.

For TRANSDUCER ASSEMBLIES intended for external use, the surface of the test object befpre
contacting the APPLIED PART should be not less than 33°°C and stable.

As a good measurement practice, the temperature of the test object should not cool down during
the test.

For invasive TRANSDUCER ASSEMBLIES, the temperature of the point of contact of the test object
before contacting the APPLIED PART should be not less than 37 °C.

3 Numbers in square brackets refer to the Bibliography.



https://iecnorm.com/api/?name=fabe04389eb47c4b24a8f24d529074ac

- 26 — IEC 60601-2-37:2024 RLV © IEC 2024

To meet the requirements of this test, the temperature of the surface of the APPLIED PART shall
not exceed 43 °C.

b)

Test criteria based upon temperature rise measurements

The ambient temperature shall be 23 °C + 3 °C. Any THERMAL OFFSET existing at thermal

steady state shall be a known, stable value (see Annex AA and 201.3.228).

For TRANSDUCER ASSEMBLIES intended for external use,

the initial temperature of the surface of the test object at the object-transducer interface

Fo

To

Fo

Fo

NO
of t
the

NO

hefore ﬁnnfcﬁﬁng the Appl1ED DART shall he hotween 20 °C and 33 °f‘,

the temperature measured under these test conditions shall be equal to the sum o{/“;B
plus the THERMAL OFFSET plus the measured temperature rise.

INVASIVE TRANSDUCER ASSEMBLIES, Q(I/

the initial temperature of the point of contact of the test object before cop.g{&tmg the APPL
PART shall be between 20 °C and 37 °C,

the temperature measured under these test conditions shall be aﬁgg}/to the sum of 37
plus the THERMAL OFFSET plus the measured temperature rise.

meet the requirements of this clause, the calculated tempe@@e shall not exceed 43 °C

&

TRANSDUCER ASSEMBLIES intended for external use, s\

ATy + ATgftset +3 <43 °C

N
<

invasive transducer assemblies, \,\(\

.\Q)
6 o & ATofrset + 37 °C< 43 °C

\\C)%
[E 1 When following this t‘eq)method the temperature rise is defined as the difference between the tempera

e TRANSDUCER ASSEM%USt before the transducer is activated acoustically and the maximum temperatur
TRANSDUCER ASSEMB@ asured during the test.

[E2 The ter@QMAL OFFSET" is defined in 201.3.228. See also Figure AA.1.

°C

ED

ure
b of
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201.11.1.3.101.2 * Still air

Suppend the TRANSDUCER ASSEMBLY with a clean surface (no ¢oupling gel applied) in still aif or
place it in a stationary position in an environmental chambér with minimal airflow across fhe
APRLIED PART of the TRANSDUCER ASSEMBLY.

"In|still air" means an environment without air movgment (flow) and an air temperature of 23|°C
+ 3| °C stable within 0,5 °C.

Test criteria are based upon temperature rise’measurements.

The ambient temperature shall be 23 $C'+ 3 °C and the initial temperature of the APPLIED PART
of the TRANSDUCER ASSEMBLY shallbe the ambient temperature or shall be offset from fhe
ampient temperature by a knowi,) stable value at thermal steady state (see Annex AA gnd
201.3.228). During the test thel.sum of the temperature rise + THERMAL OFFSET of the APPLIED
PART of the TRANSDUCER ASSEMBLY shall not exceed 27 °C.

To|meet the requirements of not exceeding a surface temperature of 50 °C, the sum of the
sunface temperature rise obtained under these test conditions, the THERMAL OFFSET, and 23|°C
shgll be regarded(as the surface temperature under test conditions 201.11.1.3.101.2.

s-an-environmentwithouta t
As-ahR-eRvH onment-withoutatrmovement
on e e

ATy + ATogrset +23°C < 50°C (4)

201.11.1.3.2102 Operating settings

Operate the ULTRASONIC DIAGNOSTIC EQUIPMENT at a setting that gives the highest surface
temperature of APPLIED PART of the TRANSDUCER ASSEMBLY. The transmit parameters of the test
shall be recorded in the test report.

201.11.1.3.3103 Test duration

The ULTRASONIC DIAGNOSTIC EQUIPMENT is continually operated for the duration of the test.
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The test according to 201.11.1.3.101.1 shall be conducted for 30 min or until the thermal steady
state is reached.

For the purposes of this test, thermal steady state can be considered reached when the rate of
change of temperature of the APPLIED PART is < 0,12 °C per minute for three consecutive minutes.

The test according to 201.11.1.3.101.2 shall be conducted-for-the-shorter-of:

a) for 30 min; or

b) for twice the time period limited by an automatic output hold or "freeze" function in the case
where the OPERATOR is not able to switch off that function; or

c) |until thermal steady-state is reached.

NOFE-If the ULTRASONIC DIAGNOSTIC EQUIPMENT automatically "freezes" or halts its.Oufput earfier
thaln the time period given in this subclause, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall|be
switched on again immediately.

201.11.1.3.4104 “*Temperature measurement

The temperature of the TRANSDUCER ASSEMBLY should be measured(y any appropriate means
sug¢h as infra-red radiometry or thermocouple methods.

If & thermographic camera is used, see Annex AA for furthéf details.

If § thermocouple is used, the thermocouple junctien, and adjacent thermocouple lead wire
shquld be securely held in good thermal contact\wwith the surface being measured. The
thermocouple should be positioned and secured-in such a way that it has a negligible effectjon
thel temperature rise of the area being measured:

The size of the temperature measurement-area of the sensor, or the focus size in case of|an
infla-red measurement system, should;be such that any averaging effect is minimized.

The¢ temperature shall be measured on the surface of the applied part of the TRANSDUGER
AS$EMBLY in those areas that give the highest surface temperature.

The measurement uncertainty shall be recorded in the test report.

NOoFE 1+ —As part of-measurement uncertainty determination, the measurement set-up can|be
use¢d to make surface temperature measurements of ULTRASONIC TRANSDUCERS of kndwn
makimum surface temperature. It is recommended that the measurement set-up be validatdd.

NoFE 2 sFor the estimation of uncertainties, the ISO/IEC Guide 98-1 to the expression| of
ungertainty in measurement should be used [3].

NOTE 1 Any means to measure the temperature can be a type that is not overly sensitive to direct ultrasonic heating
(for example, if a thermocouple is used, it can be a thin film or fine wire). Additional factors, such as effects of
conductive losses, ultrasonic heating and spatial averaging on the measurement sensors or its connecting cables
after "averaging", are also relevant when assessing the measurement uncertainty.

NOTE 2 Example means for measuring surface temperature of externally applied TRANSDUCER ASSEMBLIES is
provided in Annex DD of this document.

201.11.1.3.5105 Test criteria

The TRANSDUCER ASSEMBLY shall operate throughout the test as specified in 201.11.1.3.3103.
During the test, the maximum temperature or the maximum temperature rise shall not exceed
the limits specified.

Table 201.104 provides an overview of the tests and limits outlined in 201.11.1.3.
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Table 201.104 — Overview of the tests noted under 201.11.1.3

T y > E | 1 .
Test-to-be-applied¥
Simulated-use transducer-interface-shall-notbeless
test than-33°C and-shall-be-in-thermal The-temperature-shall-not-exceed
The temperature shall not exceed
b} Temperature Initially the temperature-at the Initially the temperature-at the
rise object-transducer-interface-shall-be object-transducer-interface-shall-pe
between20-and-33°C-and-shall-bein | between20°Cand 37°C-
The ambient temperature shall bgq
The-ambient temperature-shall-be 232+ 3°C.
e e e s e e el
The temperature rise-shall-not exceed 8-°C.
eoad oo
gelp Initially-the-temperature-at-the-surface-oFthe FRANSDUCERASSEMBLY-shall be
;
The temperature rise-shall not exceed 27 °C.

Test to be applied Transducer type
Extérnal use Invasive use
201.11.1.3.101. | a) Temperature The surfaeg, of the test object before | The point of contact of the test
1 contactipg the applied part should object before contacting the applig¢d
) be nal\less than 33 °C and the part should be not less than 37 °Q
Sifnulated use temperature of the test object and the temperature of the test
tegt shatld be stable. object should be stable.
The temperature shall not exceed The temperature shall not exceed
43 °C 43 °C.
b) Tempetature Initially the temperature at the Initially the temperature at the
rise object-transducer interface shall be object-transducer interface shall He
between 20 °C and 33 °C and shall between 20 °C and 37 °C and shafl
be in thermal steady state. be in thermal steady state.
The ambient temperature shall be The ambient temperature shall be
23°C+3°C 23°C+3°C.
The temperature rise plus the The temperature rise plus the
THERMAL OFFSET shall not exceed THERMAL OFFSET shall not exceed
10 °C. 6 °C.
20T T3 1O | Temperature The ampient temperature shall be 23 £ 3 C ana shall be i thermar steady
2 rise state.
Still air test Initially the temperature at the surface of the TRANSDUCER ASSEMBLY shall
(no gel) be the ambient temperature.
The temperature rise plus the THERMAL OFFSET shall not exceed 27 °C.

201.11.6.5 *Ingress of water or particulate matter into ME EQUIPMENT and ME SYSTEMS

Addition:

Those parts of the TRANSDUCER ASSEMBLY specified by the MANUFACTURER which in NORMAL USE
are likely to come into contact with the OPERATOR or PATIENT shall meet the requirements of
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drip-proof equipment (IPX1). Connectors of the TRANSDUCER ASSEMBLIES shall be excluded from
this requirement.

Compliance is checked by the test-prescribed required for the second characteristic, numeral 1
of IEC 60529, with the TRANSDUCER ASSEMBLIES configured as in NORMAL USE, including the
connection of any cables, but excluding the condition when the TRANSDUCER ASSEMBLY is
disconnected from the ultrasound console.

Parts of the TRANSDUCER ASSEMBLIES specified by the MANUFACTURER as intended to be
immersed during NORMAL USE, shall meet the requirements of watertight equipment (IPX7).

NOTE 1 For this clause, NORMAL USE includes cleaning and disinfection.

Compliance is checked by the test-prescribed required in IEC 60529:1989 for IPX¥, with fhe
exgeption of 14.2.7 a) and b).

NOTE 2 Parts of the TRANSDUCER ASSEMBLIES not intended to be immersed during NORMAL USE—may can be
temporarily protected for the purposes of the test.

20§1.12 Accuracy of controls and instruments and protection against
hazardous outputs

Clduse 12 of-the—general-standard IEC 60601-1:2005, IEC-60601-1:2005/AMD1:2012 gnd
IEG 60601-1:2005/AMD2:2020 applies, except as follows:

201.12.1 Accuracy of controls and instruments

Addlition:

The¢ accuracy of the data and controls spegific to acoustic output shall be specified, includjing
thel following:

— |any display indicating THERMAL_INDEX (Tl) and MECHANICAL INDEX (MI); see 201.7.9.2.2,
201.7.2.101 and 201.12.4.2.

— |technical data; see 201.7.9:3:101.

The¢ accuracy of the data’ and controls specific to the surface temperature of INVAYIVE
TRANSDUCER ASSEMBLIES intended for trans-oesophageal use shall be specified, including any
display of surface temperature, if provided; see 201.7.9.2.2 and 201.12.4.2.

NOTE Guidancefonthe estimation of uncertainties can be found in the ISO/IEC Guide 98-1 Guide to the expres§ion
of Uncertainty in”"measurement-should-be-used [3].

Fof hydrepltone measurements on diagnostic systems that fulfil the 'low output' criteria of a)
and c) @r)b) and c) in 201.12.4.2, the narrowband approximation of IEC 62127-1 can be applied
even if the criteria of 5.1.7.1 in IEC 62127-1:2022 cannot be fulfilled. When using this
simplification, the additional measurement uncertainty reflecting the limitations ot a narrowband
measurement of a broadband signal shall be considered, in particular, when comparing output
data against thresholds.

See IEC 62127-1 for additional details.

201.12.4.2 Indication-ef parameters relevant to safety
Addition:

a) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding either a SOFT TISSUE
THERMAL INDEX of 0,7, a bone THERMAL INDEX of 0,7 or, for ULTRASONIC DIAGNOSTIC EQUIPMENT
intended for transcranial or neonatal cephalic applications, a cranial THERMAL INDEX of 0,7,
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b)

d)

g)

h)

in any mode of operation, then no display of the THERMAL INDEX is required (see also
Annex AA concerning 201.7.2.101).

If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not intended for obstetric (including gynecologic
when pregnancy is possible), neonatal transcranial, or neonatal spinal applications, and is
not capable of exceeding either a SOFT TISSUE THERMAL INDEX of 1,0, a BONE THERMAL INDEX
of 1,0 or, for ULTRASONIC DIAGNOSTIC EQUIPMENT intended for transcranial-er—neonatal
cephalic applications, a CRANIAL THERMAL INDEX of 1,0, in any mode of operation, then no
display of the THERMAL INDEX is required (see also Annex AA concerning 201.7.2.101).

NOTE 1 ULTRASONIC DIAGNOSTIC EQUIPMENT for which the OUTPUT POWER divided by the —12 dB OUTPUT BEAM

AREA-isless than 20 mW/cm?2 and the SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY (lsp(a) is less than 100 m\W/cm?
(cfr. low acoustic output criteria in 4.2.5 of IEC 61157:2007 and IEC 61157:2007/AMD1:2013 [38]).I's | not
expected to exceed a THERMAL INDEX of 1,0 if, for all operation conditions, both f . < 10,5MHz, fand

A,aprt < 1,25 cm?2. Consequently, the requirement listed in 201.12.4.2 b) is fulfilled.

If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding a MECHANIGAL INDEX of
1,0 in any mode of operation, then no display of the MECHANICAL INDEX is required.

NOTE 2 ULTRASONIC DIAGNOSTIC EQUIPMENT for which the peak-rarefactional acoustic pressure (p,) is less fhan

1 MPa is not capable of exceeding a mechanical index of 1,0 if, for all operation conditions, fawf > 1,0 MHz.

Consequently, the requirement listed in Clause 201.12.4.2 c) is fulfilled.

0 JO-or, for ULTRASONIC DIAGNO QUHPMHENT
pha jcations a GRANIA v ND of 1.0+
when—any-operational-mode—is—asctive does not meet theveriteria in a) or b) for omitting a
THERMAL INDEX display, then the capability shall be available for the OPERATOR to display the
SOFT TISSUE THERMAL INDEX (when exceeding a valde of 0,4), the BONE THERMAL INDEX (when
exceeding a value of 0,4) or a CRANIAL THERMAI-INDEX (when exceeding a value of 0,4), put
not necessarily simultaneously, in such operational mode.

If the ULTRASONIC DIAGNOSTIC EQUIPMENT isiintended solely for adult cephalic applicatigns,
then the THERMAL INDEX display need onlysinclude the CRANIAL-BONE THERMAL INDEX wheh it
exceeds a value of 0,4 and is capable“of exceeding a value of 1,0.

If the ULTRASONIC DIAGNOSTIC EQUIPMENT is capable of exceeding a MECHANICAL INDEX of (1,0
in any mode of operation, then the MECHANICAL INDEX shall be displayed when it equalq or
exceeds a value of 0,4 in such.an operational mode.

The ULTRASONIC DIAGNOSTIC'EQUIPMENT shall allow the OPERATOR to display simultaneodsly
both a THERMAL INDEX (according to the requirements of a), b), d), and e) above) and the
MECHANICAL INDEX (according to the requirements of c) and f) above).

The increments fer;the display of THERMAL INDICES, if displayed (see a) — g)), shall be[no
more than 0,2 over the entire range of display.

The increment’for the display of MECHANICAL INDEX, if displayed (see a) — g)), shall be[no
more than/0,2 over the entire range of display.

If an WLTRASONIC TRANSDUCER intended for trans-oesophageal use is capable of exceedfing
a surface temperature of 41 °C, then the surface temperature shall be displayed or some
other indication provided to the OPERATOR when the surface temperature equals or exceepds

avalug of 4T C (See 20T.TT.T.3).

201.12.4.3 Accidental selection of excessive output values

Replacement:

a)

b)

For ULTRASONIC DIAGNOSTIC EQUIPMENT in which the design allows FULL SOFTWARE CONTROL
OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall switch to an appropriate
DEFAULT SETTING upon power up, entry of new PATIENT identification data or change from a
non-foetal to a foetal application. These DEFAULT SETTING levels shall be established by the
MANUFACTURER but-may can be reconfigured by the OPERATOR.

For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT in which the design does not allow
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall
provide upon power up, entry of new PATIENT identification data or change from a non-foetal
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to a foetal application, a reminder to the OPERATOR to check (and reset or change, if

appropriate) the acoustic output and the MECHANICAL INDEX and/er THERMAL INDEX display

201.12.4.5.1 “*Limits

Addition:

ed.

Acoustic output shall be limited based on RISK ASSESSMENT and RISK MANAGEMENT following
ISO 14971 using the safety related parameters specified in this document and other relevant
information such as clinical experience.

NO

20

Clg

201
Ad

As

temperature-may can exceed the value in 201.11.1.2.2 of¢his’"document by up to 5 °C durin

SIN
12,
1:2
oc(
NO
20

Clg
IEQ

20

Clg
IEQ

20

Clg

[E For guidance on the relevance of the safety related parameters specified in this document, see Annex\d

1.13 HAZARDOUS SITUATIONS and fault conditions for ME EQUIPMENT

.13.1.2—* Emissions, deformation of ENCLOSURE or exceedingmaximum temperat

Hition at the end of the third dash:

an exception, for TRANSDUCER ASSEMBLIES intended fof,'external use, the APPLIED P

GLE FAULT CONDITION, if an alarm or indication is provided to the OPERATOR, as described
3 of-the-general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 606
005/AMD2:2020, indicating that a SINGLE FAULT/GONDITION causing the temperature rise
urred.

[E This exception is valid ONLY for TRANSDUCER ASSEMBLIES intended for application to the skin surface.

1.14 PROGRAMMABLE ELECTRICAL'MEDICAL SYSTEMS (PEMS)

60601-1:2005/AMD2:2020. applies.

1.15 Construction of ME EQUIPMENT

60601-1:2005/AMD2:2020 applies.

1.16 ME'SYSTEMS

use 13 of-the—general-standard |IEC 60601-1:2005, |IEC 60601-1:2005/AMB1:2012 4nd
IEG 60601-1:2005/AMD2:2020 applies, except as follows:

\RT
g a
i in
D1-
has

use 14 of-the—general-standard |IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 4nd

use 15 of-the-general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 &nd

IE

60601-1:2005/AMD2:2020 applies

201.17 *Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS

use 16 of-the—general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 Tnd

Clause 17 of-the—general-standard |IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies.
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202 ELECTROMAGNETIC DISTURBANCES — Requirements and tests

IEC 60601-1-2:2014 and IEC 60601-1-2:2014/AMD1:2020 apply, except as follows:

R

INS
Acibii
NO
A
Re
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202.7.1 Protection of radio services and other equipment

202.7.1.1 General

Replacement:

ULTRASONIC DIAGNOSTIC EQUIPMENT shall be classified as Group 1 and class A or class B, in
accordance with CISPR 11, as per their intended use, specified by the MANUFACTURER in the
INSTRUCTIONS FOR USE. Guidance for classification according CISPR 11 is reported in Annex BB.

203

Re

Du
ma

Th¢ ULTRASONIC DIAGNOSTIC EQUIPMENT shall be tested in scanning” mode unless

mal

Co

Ad

The¢ operating modes selected for testing should be documente@ the test plan and shall
dog¢umented in the test report.

202.8.1 * General QQ
\\Q
Amendment: &0

Th¢ following pass/fail criteria shaﬁ\%e considered during and after the IMMUNITY tests|
ULTRASONIC DIAGNOSTIC EQUIPMEN\'G

blacement: Q}/
[ing EMISSIONS testing, the ME EQUIPMENT or ME SYSTEM shall be tested in t odes t
Kimize EMISSIONS.

A3

jhufacturer concludes that standby mode is the most likely to result in‘an unacceptable ri

\<</C)

mpliance is checked by inspection of the test report. O‘\

Hition to 8.1 General, before NOTE 5: \‘(\

the disturbance shall no@‘duce noise on a waveform or artifacts or distortion in an im4
or error of a displayed @ erical value which can be attributed to a physiological effect 4
which may alter the diagnosis;

associated wi diagnosis to be performed;
the disturb@}é shall not produce an error in a displayed safety related indication;

the dis nce shall not produce unintended or excessive ultrasound output;

t rature;

hat

of

ge
nd

the disturbance I not produce an error in a display of incorrect numerical vallies

the rbance shall not produce unintended or excessive TRANSDUCER ASSEMBLY surfgce

ASSEMBLIES intended for intra-corporeal use.

202.8.2 PATIENT physiological simulation

Ad

dition:

the—disturbance —statt—Tot—produce umimterTded—or _uncomntrotted—motiom of TRANSDUTER

The use of a mimicking phantom is recommended to monitor the performance of the ULTRASONIC
DIAGNOSTIC EQUIPMENT during testing.
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202.8.9 * IMMUNITY TEST LEVELS

Addition to note c¢) in Table 4, e) in Table 5, e) in Table 6 and c) in Table 8:

According to the intended use, the ULTRASONIC DIAGNOSTIC EQUIPMENT should be tested using a
2 Hz or 1 000 Hz modulation frequency (physiological simulation frequency), whichever is
identified by the RISK MANAGEMENT PROCESS. The modulation frequency adopted shall be
disclosed in the test report.

202.8.11

IMMUNITY to proximity magnetic fields in the frequency range 9 kHz to 13,56 MHz

Ad

Ad

NO
IMM
acc
will

21

IE(

213
Ad

If t
cof
cof

Ar

Hition: Q
Qv

 the following note at the end of the paragraph: ™
N4

[E  ULTRASONIC DIAGNOSTIC EQUIPMENT are likely to be sensitive to disturbances in the f qulency range of
UNITY test to proximity magnetic fields. The manufacturer RISK ANALYSIS will document th }ip“cability of the
brding to the intended use of the ULTRASONIC DIAGNOSTIC EQUIPMENT. The immunity pass/fail criteria in 202

be applied. .

p Requirements for medical electrical equipment @medical electrical
systems intended for use in the emergency m al services

environment (EMS) O
N2

60601-1-12:2014 and IEC 60601-1-12:2014/AMD1: 0 apply, except as follows:

0.4.2.2.2 Transient operating conditions QQ

N\
ition: ;\\\}
%

ditions, these conditions shall be\jistified in the RISK MANAGEMENT FILE.

O

bduction of the test duratiocnﬁs\'allowed but not less than 5 min.

>

ditions or an operation time shortsg@n 20 minutes at the transient environmental opera

-

Q
C)O
&
O
o

he instructions for use state a more r@ricted range of transient environmental operagng

the
test

ing

NS
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Annexes

The annexes of-the-general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 apply.
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Annex AA
(informative)

Particular guidance and rationale

Clause 201.1.1 — Scope

The content of this document has largely been determined to cover ultrasonic medical
d|agnost|c and monitoring equipment including ultrasonic echo ranging dewces (both manual

It i
paf

| frequencies of TRANSDUCER ASSEMBLIES to cover a wide variety of applications. This

¢n taken into account in drafting this document.

and measurement technology as will develop in the future.

Su

Thy
[ oL:

Su

pbclause 201.7.2.13 — Physiological effects (SAFETY SIGNS and warning statements)

cial consideration due to its additional use in.lengthy monitoring applications.

bclause 201.7.2.101 — Acoustic output

as

5 anticipated that later editions of this document may well spégify different or additional
ameters for specification relative to safety, reflecting the state of biophysical understanding

b transeosophageal INVASIVE TRANSDUCER ASSEMBLY is considered a unique case requifing

With certain ULTRASONIC DIAGNOSTIC EQUIPMENT in some operating modes, ten or more different

colj
colj
as

On
for
len

With MULTI-PURPOSE ULTRASQONIC DIAGNOSTIC EQUIPMENT (see 201.12.4.3).

most ULTRASONIC DIAGNOSTIC EQUIPMENT, there is generally provided a single control me

of {he operation of this control for effective use of the device, aside from concerns with saf

Thi
cor
inc

An

s requirement addresses the need to effectively indicate to the OPERATOR the control

rease Qr decrease output by manipulating this direct control means.

trols can affect ultrasound output-levels. While small changes in output level are nof of
cern to the OPERATOR, inadvertent large increases-are-to shall be avoided in many cases,

ns

changing the amplitude of the acoustic output, while leaving other parameters (such as pulse
gth, duty cycle, etey'unchanged. Often, the OPERATOR-must shall have some understandjing

ty.
(or

trols) whase primary function is to affect ultrasound output levels, and the action needed to

exXemption for ULTRASONIC DIAGNOSTIC EQUIPMENT not capable of generating output leels

2.

pr

dllning ||nar‘r~nlntahlp risk at any pnccihlp mltpll’r level has heen implpmpntpd in201 .12

Subclause 201.7.9.2.2 — Warning and safety notices

Written instructions, as well as pre-programmed application-specific default levels, are
appropriate means for informing the OPERATOR of appropriate ultrasound output levels for
different clinical uses.
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Subclause 201.7.9.3.101 — Technical data regarding acoustic output levels
Maximum index value

For the THERMAL INDEX: following 5.6.2 of IEC 62359:2010 and IEC 62359:2010/AMD1:2017,
including Table 1:

For TIS and TIB, the Maximum Index Value is the larger of the sum of the 'at surface' Index
Component Values and the sum of the 'below-surface' Index Component Values;

Fott TIC, the Maximum Index Value is the sum of the 'at-surface' non-scanned and scanned\ [/C
Index Component Values.

For Ml, following 5.6.3 of IEC 62359:2010 and IEC 62359:2010/AMD1:2017, (ther maximum
index value is the largest MECHANICAL INDEX of all active TRANSMIT PATTERNS. _i/e.,the maximum
indEx value is the largest of the Ml index component values of the active DISCRETE-OPERAT|NG
MODES in a COMBINED-OPERATING MODE.

Supclause 201.10.101 — Ultrasonic energy

This document places the responsibility for establishing upper limits of allowed levels| of
acqustic output on the MANUFACTURER based on RISK ANALYSIS,

Copcerns with possible excessive levels are addressed-by requiring an interactive real-time
display of acoustic output such as the THERMAL INDICES and MECHANICAL INDEX as included in
thig document.

Supclause 201.11.1.2.2 — APPLIED PARTS nof intended to supply heat to a PATIENT

Diggnostic TRANSDUCER ASSEMBLIES are-not intended to supply heat but do so because of enefgy
losp within the TRANSDUCER ASSEMBLY¥.@nd ultrasound absorption in the PATIENT.

NOTE General guidance for the acoustic properties of appropriate tissue is available in the literature [1].

WHen carrying out a risk analysis for the ULTRASOUND DIAGNOSTIC EQUIPMENT, the user of this
dogument-must shall take into account that the temperature limit of 43 °C in-the—gengral
I[EC 6060:M-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 606P1-
:2005/AMD2:2020 is)Jonly applicable for long-term (more than 10 min) contact with healthy gkin
of adults. Special‘consideration should be taken for an application on children. The influefice

use“\of’/ transducers (more than—44°C 10 min) inside the body is currently not well
investigated. It is assumed that the safe use of temperatures higher than 41 °C on childrgen,
ins|de/the body and on patients with possible risky conditions should also be based on clinical

experHehcs-

The allowable maximum temperature of 43 °C for parts having contact with the PATIENT for more
than 10 min is consistent with—the—general—standard |EC 60601-1:2005, IEC 60601-
1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020. This represents a safety factor of 2
relative to the threshold for thermally induced chronic damage to the kidney, one of the most
sensitive mammalian tissues [4].

Net tissue temperature rise results from the following mechanisms:

— heat conduction from the transducer;
— absorption of ultrasound in the tissue;
— cooling by heat conduction to other parts of the tissue;
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— cooling by heat transport due to blood perfusion.

All TRANSDUCER ASSEMBLIES require test conditions and criteria appropriate to the unique clinical
scanning environment encountered by the device.

As ultrasound diagnostic devices generally are used in temperature controlled locations, the
ambient temperature of 23 °C £ 3 °C has been chosen for the environment during the
measurement of transducer surface temperature.

In NORMAL USE, a trans-oesophageal or other INVASIVE TRANSDUCER ASSEMBLY operates

sumu y tissue, su [ are | i i bdy
temperature. Unlike the conditions encountered when operating the TRANSDUCER ASSEMBLY in

still air, both ultrasound energy and heat from the TRANSDUCER ASSEMBLY are é&fficiently
trapsferred into the adjoining tissue. Both the heat directly conducted from the TRANSDUQER
AS$EMBLY, as well as the heat resulting from ultrasound absorption within the tissue,are carrjed
off by transport effects such as blood perfusion, conduction and radiation.

In NORMAL USE, typically hand-held probes do not operate while surrounded by tissue; the b¢dy
of {he probe assembly is in contact with ambient air temperature, while “only the small porfion
of the probe intended to contact the patient will be exposed tp‘an ambient temperature
defermined by patient's core body temperature.

Supclause 201.11.1.3 — Measurements

In |the still-air test of 11.1.3 of—the—general—standard |EC 60601-1:2005, IEC 606pP1-
1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020, essentially all of the electrical enefgy
wolld be converted into heat within a TRANSDUCERASSEMBLY, since ultrasound radiation intojair
(unllike that into the body) is highly inefficient, Due to the use of coupling gel and the usuglly
low heat capacity of the ULTRASONIC TRANSDUGER surface layer, it can be expected that, from
the| free-air situation into the NORMAL USE situation, the surface temperature would drop quickly.
The¢ modification of 201.11.1.3 to allow.for a 50 °C limit in the still-air test is appropriatq to
engure that in NORMAL USE conditions-the temperature can drop to 43 °C within 1 min. ($ee
11[1.1, Table 24 of the-general-standard IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 gnd
IEG 60601-1:2005/AMD2:2020.)

Thils is also true for INVASIVE"TRANSDUCER ASSEMBLIES intended for trans-oesophageal use.
Although contact with the‘internal surface of the oesophagus is prolonged, the time in which
thel initial transducer_temperature is in contact with a single tissue site is relatively shprt.
Furthermore, the transducer area that is heated is relatively small, providing little heat capadity,
and the resulting heat'is rapidly drawn away from the transducer as it passes through the mopth
and into the oesophagus. As a result, no tissue encounters a temperature in excess of the
stepdy-state<temperature for clinical scanning for other than a brief moment. In the casq of
foettal endovaginal use, while exposure time plays an important role [5], because of intervenjing
tisque and“fluid structures and the same transient contact discussed for trans-oesophagleal
applications, the surface temperature of an endovaginal transducer does not translate dire¢tly
to the.temperature ultimately affecting the foetus.

Tissue-mimicking material (TMM) with thermal and acoustical properties similar to human tissue
most appropriate to the typical use of the ULTRASONIC TRANSDUCER under test should be used.
The TMM is intended both to inhibit cooling by convection and to model the acoustic properties
of a specific tissue. The use of three different types of models can be justified:

— a model with a bone mimic close to the surface;

— a model with a skin mimic at the surface;

— a model consisting of a soft tissue mimic.

The test object should be designed such that increasing the size will have a negligible effect on
the surface temperature of the TRANSDUCER ASSEMBLY.
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When the TRANSDUCER ASSEMBLY is intended for intra-cavity use, the TRANSDUCER ASSEMBLY

should be potted in a tissue-mimicking material (TMM) to a depth such that increasing the de
will have a negligible effect on the surface temperature of the TRANSDUCER ASSEMBLY.

When the surface of the ULTRASONIC TRANSDUCER is curved, care should be taken to ensure t
the whole surface is in contact with the model used to mimic the intended use.

Alternative materials-may can be used where the results can be shown to be comparable; m

pth

hat

ost

significantly, however, the material used shall exhibit an ultrasonic absorption coefficient and

thermal properties appropriate to the intended model.

Supclause 201.11.1.3.101.1 — Simulated use

Th¢ following figures show the thermal offset depending on probe types and depgending
mejpsurement method a) or measurement method b) for external probes.

Figure AA.1 shows the thermal behavior if the measurement is pepformed according
method a).

Figure AA.2 visualizes the thermal behavior during measurement(according to method b) d
prgbe with internal heat source (left) and the thermal behavior of a/probe with temperature d
after probe coupling to the tissue-mimicking material (right).,The later one might occur for|
prgbes where the probe works like a heat sink and transfers heat away from the tiss

on

to

fa
Fop

all
Lie-
rial

temperature. The right part of Figure AA.3 does/not show a thermal drop, because the tisspe-
mirhicking material is in thermal steady state@vith the probe and the surrounding air. Therefdre,
no |heat transfer from the tissue-mimicking\material to any other material occurs.
G A 6 A
B R ——— 43
2 Probe coupled _— 4 o Probe coupled ’/,,/7/"’8_7
2 to phantom //”3 | 2 to phantom e |
s transmit "off" / ' The maximum P transmit "off" T ' The maximbm
g- / | temperature is g- // i temperaturg is
Ko} 2/ | determined K2 5 / | determined
ﬁ\ ! / :
STy o o 33 [ ~
: ! 6, :
| Ttansmit "on" ' ! !
3 | + Transmit "on” 1
\ | | |
: s ? —
' Y ' Time ‘ T Time
Measurement time Measurement time
IEC
I:ignrn AA 1:) With heat source I:igurn AA 1h) Without heat source

Figure AA.1 — Method a) for an external probe
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Figure AA.2 — Method b) for an external probe 03\
4

’
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Figure AA.3a) — With heat source at roo O Figure AA.3b) — Without heat source at room
temperature temperature
X

Flgure&A .3 — Method b) for an external probe

thod a) for a probe wﬂhcﬁeat sources.

Me

1) TMM surfac@ >33 °C before the probe is coupled to the TMM.

2) The appliedg-part — TMM surface interface increases because heat is transferred to the

TMM. eady state condition shall be reached before (3) is started.

3) T lied part temperature increases during the 30 min measurement time or until fhe

al steady state is reached. In case of closed loop systems, the temperature might
<</ t increase continuously.
4) T he-medmum-temperatare-guring-the-measurementeyele—is-determined:

Method a) for a probe without heat sources.

5)
6)

TMM surface is >33 °C before the probe is coupled to.

The applied part — TMM interface drops slightly because heat is transferred away from
the TMM. The probe acts like a heat sink and moves heat away from the TMM. The
amount depends on the probe heat capacity, thermal conductivity, and probe handle
surface area. For some probes, the effect might be negligible. A steady state condition
shall be reached before (7) is started.

7) The applied part temperature increases during the 30 min measurement time or until the
thermal steady state is reached. In case of closed loop systems, the temperature might

not increase continuously.
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8)

The maximum temperature during the measurement cycle is determined.

Method b) for a probe with heat sources, where method b) is used at temperatures close to
method a)

9)

10)

TMM surface is <33 °C before the probe is coupled to.

steady state condition shall be reached before (11) is started.

11) The applied part temperature increases during the 30 min measurement time or until

thermal steady state is reached.

The applied part — TMM interface increases because heat is transferred to the TMM. A

the

e,
a

the

12 The temperature rise and offset are found as shown by arrows on the graph. A SQ nd
sensor on the test object, at a sufficient distance to avoid thermal impact from t o]
can help to find the offset and temperature rise. The second sensor is visualized a
light blue line. (1/

Q
Method b) for a probe without heat sources, where method b) is used at temperdtures closg to
method a) 20}
v

13 TMM surface is <33 °C before the probe is coupled to. ’

14 The applied part — TMM interface drops slightly because Qs transferred away from
the TMM. The probe acts like a heat sink and moves away from the TMM. The
amount depends on the probe heat capacity, thermalconductivity, and probe handle
surface area. A steady state condition shall be reat%g%efore (15) is started.

15 The applied part temperature increases during th min measurement time or until
thermal steady state is reached.

16

sensor on the test object, at a sufficient th ce to avoid thermal impact from the pro
may help to find the offset and tempe re rise. The second sensor is visualized a

light blue line.
ig ue line \\(\Q)

Method b) for a probe with heat source@where method b) is used at room temperature

17
18

19

20

TMM surface is ~23 °C bef&?’é\the probe is coupled to.

The applied part — TM %rface interface increases because heat is transferred to
TMM. A steady statK dition shall be reached before (19) is started.

The applied part tgg-berature increases during the 30 min measurement time or until
thermal stead ate is reached. In case of closed loop systems, the temperature mi
not increase tinuously.

senso he test object, at a sufficient distance to avoid thermal impact from the pro

li lue line.

Mefl@cg) for a probe without heat sources, where method b) is used at room temperature

The temperature rise and offset are foundﬁQhown by arrows on the graph. A secgnd
a

The tem e@ture rise and offset are found as shown by arrows on the graph. A secgnd

be,
bk a

the

the
ght

be,

ma to find the offset and temperature rise. The second sensor is visualized ap a

21) TMM surface is ~23 °C before the probe is coupled to.

22)

The applied part — TMM interface does not drop because the phantom, probe and

environment are in thermal steady state. A steady state condition shall be reached

before (23) is started.

23) The applied part temperature increases during the 30 min measurement time or until

24)

thermal steady state is reached. In case of closed loop systems, the temperature mi
not increase continuously.

sensor on the test object, at a sufficient distance to avoid thermal impact from the pro

the
ght

The temperature rise and offset are found as shown by arrows on the graph. A second

be,

may help to find the temperature rise. The second sensor is visualized as a light blue

line.



https://iecnorm.com/api/?name=fabe04389eb47c4b24a8f24d529074ac

- 44 — IEC 60601-2-37:2024 RLV © IEC 2024

Subclause 201.11.1.3.101.2 - Still air

For some TRANSDUCER ASSEMBLIES such as mechanically rocked 3D probes, or solid state
probes with integrated multiplexing electronics, the temperature of the APPLIED PART (surface
temperatures) may not stabilize at an initial steady-state temperature equal to the air-ambient
temperature when the acoustic power is 'off' (i.e.: non-energized transducer elements). Rather,
a fixed offset temperature may exist.

In such cases, the initial APPLIED PART temperature shall be the ambient temperature plus—a

steady-state OFFSET temperature the THERMAL OFFSET, and the final surface temperature shall
be [considered as the sum of the measured APPLIED PART temperature rise obtained during the
30 min test plus the offset temperature plus 23 °C.

Note that the THERMAL OFFSET might be eliminated by completely disconnecting the,.fRANSDUGER
AS$EMBLY from the ULTRASONIC DIAGNOSTIC EQUIPMENT when the acoustic power.is)off.

Supclause 201.11.1.3.104 — Temperature measurement

Teperature measurement with thermographic camera (infrared camera) under the still|air
condition should be conducted with reference to IEC TS®8070:2019 which covrs
mejasurement on both diagnostic and therapeutic (physiotherapy@and HITU) equipment [52]

Supclause 201.11.6.5 — Ingress of water and particulatenmatter into ME EQUIPMENT and|ME
SYSTEMS

All|TRANSDUCER ASSEMBLIES are assumed to reqdire”some contact with fluids during nor
opg¢ration. Some TRANSDUCER ASSEMBLIES are desighed to be immersed in water baths whe

thel TRANSDUCER ASSEMBLY that-may can be wetted in NORMAL USE, see 201.7.9.2.2.

The requirement and test as specified are considered suitable for this ULTRASONIC DIAGNO
EQUIPMENT and avoid conflict’ with the WATERTIGHT requirements of
IE¢ 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601 1: 2005/AMD2 2020

of ¢quipment against-ingress of water with harmful effects by temporary immersion.
Supclause 204.12.4.5.1 — Limits

WHile thissdocument places no upper limits on permitted levels of acoustic output, all EQUIPMENT
|m|ted for techmcal reasons, comphance W|th Iocal regulatory requirements, or reas¢ns

should contlnuously track the scientific dlscussmns on safety of ultrasonlc fields for dlagnostlc
ultrasound, on the other hand the OPERATORS should know about the — possibly application-
dependent — limits of their EQUIPMENT as selected by the MANUFACTURER.

Compliance with 201.12.4.5.1-may can be checked by inspection of the relevant documentation
of the results of the RISK MANAGEMENT process provided by the MANUFACTURER, including
relevant information such as clinical experience.
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Clause 201.17 — Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS

ULTRASONIC DIAGNOSTIC EQUIPMENT is categorised as class A (under IEC 60601-1-2) when the

environment for the intended use as defined by the MANUFACTURER is in a hospital or a sim

ilar

environment. For the extension of the intended use into a residential environment the

ULTRASONIC DIAGNOSTIC EQUIPMENT-has-te shall be categorised as class B. For further deta
see Annex BB.

ULTRASONIC DIAGNOSTIC EQUIPMENT, which is the subject of this document, is classified

ils,

in

Group 1 (under Annex C.2, IEC 60601-1-2:2014), since the device—must shall intentionally

gemerate radio frequency energy and transmit it through a shielded external cable (up to 2\m
longer in length) to a TRANSDUCER ASSEMBLY at the end of the cable.

For INVASIVE TRANSDUCER ASSEMBLIES, radiated and conducted emissions per IEC/60601-

or

1-2

should be performed both with and without the transducer active to ensure compliance when

thel transducer is outside the body and not activated, and secondly, whenthe/transduce

is

ins|de the body and activated. The condition "inside the body and activated" Should be simulated

using a phantom having the same attenuation as human tissue in the freguency pass bang
the| transducer. The phantom should only be used while making radiated and/or conduc
emjssion measurements in the frequency pass band of the transdueer unless the phantg
frequency characteristics are known over the entire frequency range of 150 kHz to 1 000 M

of
ted
ms
Hz.

Supclause-202.6-2.14-10202.8.1 —-Compliancecriteria General

electromagneticydisturbance is applied to an ULTRASOUND DIAGNOSTIC EQUIPMENT which
intgnded to acqlire signals in the yV range by means of a transducer whose cable length
mofe than 2™m.

ThI:re is common-agreement that it is not possible to require that nothing happen when

Th¢ sénse of the requirement is that under the test conditions specified in-6-2ef 1EC- 6060

2 8.1nof IEC 60601-1-2:2014 and IEC 60601-1-2:2014/AMD1:2020, the ULTRASONIC DIAGNOS

TIC

EQUIPMENT shall be able to provide the ESSENTIAL PERFORMANCE and remain safe.

Examples of conformance to the compliance criteria:

— ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image that may have regular dots or dashes
or lines produced by the disturbance, but in a way that is recognisable as other than

physiologic and that would not affect diagnosis;

— ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image that may have lines on a Doppler
trace, but in a way that is recognisable as other than physiologic and that would not affect

diagnosis;
— ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image and Doppler traces which may

be

covered with noise signals, but in a way that is recognisable as other than physiologic and

that would not affect diagnosis.
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Subclause 202.8.9 — IMMUNITY TEST LEVELS

heart wall motion, and relatively fast phenomena, like blood velocity (detected as

[t on the order of kHz). 2 Hz modulation frequency is intended to test the former, WIQQ K

dulation frequency is intended for the latter. ™
N4

[RASOUND diagnostic devices are intended to analyse both slow physiological paramst

9
)
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Annex BB
(informative)

Guidance in classification according to CISPR 11

Rules for classification and separation into groups of equipment are contained in CISPR 11.
ULTRASONIC DIAGNOSTIC EQUIPMENT that is the subject of this document is classified in Group 1
(under Annex C.2, IEC 60601-1-2:2014), since the device-must shall intentionally generate
radiofrequency energy and transmit it through a shielded external cable (up to 2 m or longer in
length R-ASSEM 3 d—ef-the e—Fhe 2% i
pravide summarized information for the assignment of the ULTRASONIC DIAGNOSTIC EQUIRMENT
to fhe appropriate CISPR 11 class.

AFRANSD : . PUFPOSE— ARex—ig to

oa=aoa - Ca SacameaS S ol =

e |Subclause 45.2 of CISPR 11:2024

Acgording to the subclause, division into classes is as follows:

— |Class A equipment is equipment suitable forjuse in all locations other than those allocafed
in residential environments and those directly connected to a low voltage power supply
network which supplies buildings usedfor domestic purposes.

— |Class B equipment is equipment sgitfable for use in locations in residential environments
and in establishments directly connected to a low voltage power supply network which
supplies buildings used for domestic purposes.
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Annex CC
(informative)

Guidance to the MANUFACTURER on the interpretation of T/ and M/
to be used to inform the OPERATOR

CC.1 Guidance

It i 4 racuabarbilibv fitbhao oncnaToan o ataond th ol £ th 'L T-UNT £ it HH-FRASSONIC
| COTC TOSPUTTSTOTIITY - OT UTCTOT TN T O\ (O tHhaefrstaRe—the+HS1Kot+—he uuLyuL OUT TS O T T\ YO U

DIAGNOSTIC EQUIPMENT, and to act appropriately in order to obtain the needed diagnostic
information with the minimum risk to the patient. To be able to do so the manufacturer.of the
deyice should provide information to the user regarding how to interpret the displayed ultrasgnic
exposure parameters, THERMAL INDEX and MECHANICAL INDEX. -Briefreviewsof the rationale-and

- A detailed rationale'and derlvatllon
of T/ and MI models is reported in Annex A of IEC 62359.2010, while brief reviews are availaple
in fhe literature [6], [7]. This annex provides guidance on subjects that should be taken into
acgount in drawing up a PRUDENT USE STATEMENT to be used in the_instructions for use|as
specified in 201.7.9.2.2 of this document.

The relationship of various acoustic output parameters (e.g., acoustic intensity, pressure, poyer,
etc]) to biological endpoints is not presently fully understood{ Evidence to date has identimed
twq fundamental mechanisms, thermal and mechanical, by, which ultrasound-may can indlice
biogeffects [8], [9], [5], [10], [11], [12] and, in certain cases, alteration or damage to tissue.

The temperature rise and the possibility of cavitation/’seem to depend on such factors as the
| energy output, the mode, the shape of the ultrasound beam, the position of the focus, the
centre frequency, the shape of the waveform, the pulse repetition frequency, and the duty facjor.
The T/ and M/ are indices designed to give the user instant information about the potential|for
thermal or mechanical bioeffects. Becausethe M/ and T/ reflect instantaneous output conditipns,
do not take into account the cumulative effects (especially heating) of the total examination
. It is relevant to indicate that shéftening insonation times can give a large safety margin
undler some conditions (wide, scanning beams in soft tissue) but no significant margin unfder

As [far as cavitation is congérned there is agreement that the potential for biological effects riges
a rising peak rarefactional pressure. There is lesser agreement about the frequency
dependence of the oceurrence of cavitation in tissue [9], [10], [14], [15], [16], [17]. Neverthelgss,
thel Ml is intended to.give a relative indication of the potential for mechanical bioeffects such| as
cayitation.

The T/ givesya relative indication of the potential for temperature increase at a specific pgint
alohg the-ultrasound beam. The reason for the term "relative" is that the assumed conditipns
for|heating in tissue are complex such that any single index or model cannot be expecteq to
givpe\ihe actual increase in temperature for all possible conditions and tissue types. Thus, fqr a
particular beamshape, a I/ of 2 represents a higher temperature rise than a I/ of 1 but does
not necessarily represent a rise of 2 °C. The important point about the T/ is that it is designed
to make the OPERATOR aware of the possible temperature rise at a particular point in tissue. To
inform the OPERATOR, limitations about the use of the indices are given below.

Subclause 201.12.4.5.1 of this document requires that acoustic output be limited based on RISK
ASSESSMENT and RISK MANAGEMENT following 1SO 14971 using the safety related parameters
specified in this document. The indices do not presently provide absolute safety limits. Safety
limits based on biological effects remain a topic of research for consideration in future standards.
The demarcation between safe levels and levels where there exists a potential for biological
effects is of importance for the OPERATOR.

The WFUMB [5] gives some guidelines: embryonic and foetal in situ temperature above 41 °C
(4 °C above normal temperature) for 5 min or more should be considered potentially hazardous.
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The same is true if the anticipated acoustic pressure amplitude at the surface of the postnatal
lung tissue exceeds 1 MPa. However, the actual threshold for effects in the lungs of mammalian
laboratory species is a complex combination of the values of the acoustic output parameters [18]

What the indices do provide is an indication of the conditions that are more likely than others
to produce thermal and/for mechanical effects.

For example, T/ values towards the upper end of the range (over 1,0) might best be avoided in
obstetric applications. Such a restriction allows a reasonable safety margin considering the
WFUMB recommendation that a temperature increase of 4 °C for 5 min or more should be
conjsidered as potentially hazardous to embryonic and foetal tissue [5]. However, if a particylar
clinical result cannot be obtained with lower values, increased output may be warranted; put
patticular attention should be paid to limiting the exposure time. Any extra thermal loadto the
fogtus when the mother has a fever is also unwise, and again note should be made to avjoid
high T/ values [19]. ISUOG [20] states that doppler ultrasound should not be used routinely|on
foeftuses between 11 and 14 weeks of pregnancy, in addition T/ should not'exceed 1 when
doppler ultrasound is performed, and that the exposure time should be kept as‘\short as possiple
and should not exceed 60 min (usually 5 min to 10 min).

BMUS [21] presents recommended maximum T/ and M/ values for eaeh application, as well as
makimum recommended scanning times for a range of T/ values ~AlUM [22] also has publismed
regommended maximum scanning times for displayed T/ values. These two safe use guidelipes
agilee for obstetrical, neonatal trans-cranial, and neonatal spginal exams. However, for all other
exdgms, the AIUM recommendations are less conservative,\as explained in Harris et al. 2016
. For obstetric, neonatal transcranial, and neonatal spinal exams, both safe use guidelipes
begin at T/=0,7 (i.e., they state that there is no scanpirg time limit if T/ < 0,7).

where poorly perfused tissues are expected, the-T/ may underestimate the possible worst-case
tenpperature rise, and again the T/ should bée maintained at a lower value. Conversely, when
scgnning organs known to be well perfused, such as hepatic, cardiac or vascular structures,
thef value of T/ may overestimate the temperature rise.

The¢ modelling for predicting T/ assumes some\cooling by blood perfusion. For applicati}ns

In ¢linical applications where the.TIS has been selected to be shown on the screen, it may well
be Imore appropriate to inform the OPERATOR to pay attention to the value of T/IB. Examples pre
for|breast scanning, when ribs-may be exposed, and for vascular studies when vessels lie close
to bone surfaces.

The assumption is made that the surface heating in soft tissue SCANNING MODE is always larper
thaln the worst-case) bone heating at depth. This assumption may not be universally true, gnd
for|this reason. T/ values in both B-mode and Doppler imaging modes in second and third
trimester scanhing-must shall be interpreted with caution.

The Tl(values in SCANNING MODE predict heating in tissue next to the transducer surface que
only.%6,the energy absorbed from the beam. No correction is made for the heating of fhe
transducers where the heating is also predicted next to the transducer.

The MI becomes important at a gas/soft tissue interface, for example in cardiac scanning where
the lung surface-may can be exposed. Most critically, however, it is with the use of contrast
materials when most attention should be made to limit MI.

There are always limitations due to measurement and parameter determination imperfections
when utilizing mathematical models. Specific limitations of the M/ and T/ are identified in
IEC 62359. These limitations should be taken into account when drawing up guidance to the
user on the interpretation of the indices.
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The EFSUMB Clinical Safety Statement for Diagnostic Ultrasound [24] is useful information.
For example, B mode including coded transmission technology, spectral pulse wave Doppler
and Doppler imaging modes (such as color flow imaging and power Doppler imaging, etc.) can
produce more tissue heating and higher TIS.

Attention should be paid to the use of long-duration waveforms with higher outputs than normal
diagnostic ultrasound, such as shear wave elastography [25], which evaluates the elasticity of
shear waves using acoustic radiation forces. If there is bone tissue near the focal point, there
is a concern of a significant temperature rise [26] [27]. In animal studies, it has been reported
that exposed ultrasound to the heart with contrast agents causes premature ventricular
co ; , rs
[30] [31]. It may not be appropriate or valid to apply the current T/ models in the shearwave
stography: the T/ and MI displayed for these applications may represent an underestimpte
of the temperature rises and mechanical effects to be expected [25]. So far, no spetific fisk
indjcator has been developed, thus the duration of the shear wave elastography should be kept
as Jow as possible to reduce the thermal stress to the targeted tissue.

Table CC.1 summarizes the relative importance of maintaining low index-values in spedific
scgnning situations.

Table CC.1 — Relative importance of maintaining low\exposure indices
in various scanning situations

Of greater importance Of less importance

MECHANICAL INDEX | With contrast material In the absence of gas bodies:

i.e. in most tissue imagin
Cardiac scanning (lung exposure) 9ing

Abdominal scanning (bowel gas)

THERMAL INDEX First trimester scanning In well perfused tissue

. i.e. liver, spleen
Foetal skull and spine

In cardiac scannin
Neonatal head 9

) In vascular scanning
PATIENT with fever
In any poorly perfused tissue

Ophthalmic sganning (requires different risk estimate)

If ribs or bone is exposed: TIB

Cd.2 Prudent use

It is conventional to consider all biological effects of ultrasound as deterministic effects] in
contrast 4exthe assumption for ionizing radiation, for which it is known that some effects pre
stochastic and act without threshold. For some effects, e.g., those due to inertial cavitatipn,
thig reflects the fact that the responsible physical mechanism does not occur below a particylar
exposure level. For other effects, e.g., those due to increased temperature, this-may can reflect
the difficulty of observing a small increase in the rate of occurrence of rare events. In order for
an apparent threshold of this type to be exceeded, a biological effect-must shall occur frequently
enough for an observer to be aware of having "observed" an effect. A temperature rise from
37 °C to 40 °C for quite a long time may be deemed sub-threshold because it produces too low
an increased incidence to be observed, whereas a temperature rise to 42 °C for any duration
may not be acceptable, i.e., it may produce an observable effect. An appropriate guide to the
user would be that although there may be a biological effect, not all biological effects result in
a hazard. Healthy human cells are obviously able to survive small temperature rises. Apart from
the fact that the science evaluating the hazard is incomplete at the moment, there is enough
evidence about thermal teratology, exposure levels, and temperature rise to carry out a basic
risk analysis.
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A prudent starting-point for each examination would be first to set the machine for the lowest
index setting and then modify from this level until a satisfactory image or Doppler signal is
obtained, keeping track of the T/ andfer MI; and second, the exposure time, during one
examination, should be kept as short as possible. A safety guideline on this should be

included [19].
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Annex DD
(informative)

Example set-up to measure surface temperature
of externally applied TRANSDUCER ASSEMBLIES

DD.1 General

Th

hicnaot o
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Basically, the set-up consists of a piece of soft tissue mimicking material (TMM)~covered b
slap of silicone rubber on which a (thin film) thermocouple is placed (see Figure DD.1). T
TMM is placed on a piece of material that absorbs all acoustic energy.

o mantanracant
ST U CO T SCTOpP Ut SUTmMOoCU OCTOW TS O TCoSUIt UT Mo aSuUT oot S PpTroeSTTito U e TCPPUT T

at least 10 different transducers, the surface temperatures of the transducers as measu
when radiating into human under-arms were compared with the set-up described.

2].
Ffed

y a
'he

The¢ properties of the materials used will be those of silicon and TMM as‘listed in Table DD |1:
Table DD.1 — Acoustic and thermal properties of tissues and materials
Tlissue/ Velocity Density | Attenuation Acoustic Spec. Thermal Thermal Source
njaterial coefficient | impedance Heat Conductivity | Diffusivity
capacity.
c P a z C. K D
m/s kg/m3 dB/cm-MHz | 106 kg/mz-s U/kg-K W/ kg-K 10 m2/s

Skip 1615 1090 2,3t04,7 1,76 3 430 0,335 0,09 ICRU rep. 61,

1998 [1]
3,57

Chivers 1978 [$3]

Sofft tissue 1575 1055 |(6to2,24 0 1,66 3550 0,525 0,150 ICRU rep. 61.
1998 [1]

Sofft tissue 1465 985 0,4 1,44 3 000 0,350 0,135 ICRU rep. 61,

fatty 1998 [1]

Coftical 3 635 1920 14.to 22 6,98 1300 0,3 to 0,79 0,32 ICRU rep. 61,

boreb 1998 [1]

Silicone 1021 1243 1,8 1,3 0,25 TNO / Dow
Corning[32]

TMM 1540 7050 0,5¢ 1,6 3 800 0,58 0,15 TNO (Soft Tisspe
Model)

Frequency dependence: .2,

¢ | Deterniified at 3 MHz.

Wide uncertainty has been reported in bone properties [34].
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DD.2 Preparation of the soft tissue mimicking material (TMM)

A mixture is made from the materials provided in Table DD.2 (weight % pure components).

Table DD.2 — Weight % pure components

Thy

»)
L

Recipe to prepare the soft tissue mimicking material and the set-up

1)
2)

3)

4)

5)

6)
7)

Maintenance

Component Weight %
Glycerol 11,21
Water 82,95
Benzalkonium chloride 0,47
Silicon Carbide (SiC (-400 mesh)) 0,53
Aluminium Oxide (Al,O4 (0,3 pm)) 0,88
Aluminium Oxide (Al,O, (3 pm)) 0,94
Agar 3,02
Sum 100,00

Mix all components listed in the table and degas at laboratory temperature.
Heat, while stirring, until 90 °C

To avoid evaporation and hence a change in components ratio, the substance should
covered during this process.

Cool the substance, while stirring as long\as - the viscosity allows, until about 47 °C,

To avoid evaporation and hence a change in components ratio, the substance should
covered during this process.

Pour the substance quickly in a.mould and let it further cool down while the moulq
covered.

The TMM is now ready fornuse. To prepare the total measurements set-up, the TI
should be covered with_a slab of silicone rubber with a thickness of 1,5 mm. Take ¢
that there is no air between the TMM and the silicon rubber. (This will result in ab
equal measurement sesults as when using human under-arms). Although Figure D
shows a set-up, for a flat transducer surface, a curved surface is easily obtained
cutting the curvature in the TMM.

A (thin film) thermocouple-is+te shall be placed on top of the silicone rubber layer.

Finally the'transducer under test-has-te shall be placed, coupled with acoustic coupl
gel.

be

be

ing

material should be stored in a closed container under normal laboratory conditi9

ns

(1

T 10 25 "C). While stored, Keep the material in a water/glycerol mixture to prevent it from
drying out and to avoid air contact. This mixture contains 88,1 % (weight) demineralised water
and 11,9 % (weight) glycerol (purity >99 %).

The shelf life of the material if it is preserved without air contact is at least one year. The addition
of a 0,5 % (weight) solution of benzalkonium chloride acts as an antifungal agent extending the
life of the phantom. With produced samples shelf lives over 2 years were found.
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Key

a h O N

| JLTRASONIC TRANSDUCER under test, coupled to the test object using acoustic_coupling gel
Thermal sensor, e.g. thin film thermocouple

Silicone rubber, thickness: 1,5 mm

Soft tissue mimicking material (TMM)

Acoustic absorber

Figure DD.1 — Set-up of an example test object to measure the surface temperature
of externally applied transducers
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Annex EE
(informative)

Acoustic output table intended for third parties

Table EE.1 provides an example acoustic output table to allow 3'd parties to recalculate the T/
and MI values for each operating mode, including the contributions from each mode in
COMBINED-OPERATING MODES.

Th
MO

Th
bel

rel

NO

NO

COMBINED-OPERATING MODE (like B+D+CFM).

NO

surflace" is equal to "TIS at surface", not TIC.

‘Index component values' for Ml and [/C are the index values Tor each DISCRETE-OPERAT
E comprising the operating mode.

'index component values' for T/IS and TI/IB are the values of the 'at-surface' @

w-surface' T/ formulations for each DISCRETE-OPERATING MODE comprising‘thée operaﬂing
mode. "v"" indicates cells where to enter one or more numerical values. The gquipment set

ted to the index is entered in the operating control section.

[E 1 See Annex AA for descriptions of "maximum index value' and 'index component values'.

[E 2 An operating mode can be interpreted to be any DISCRETE-OPERATING'MODE (like B, M) as well as

[E 3 According to 201.3.201, the bone tissue is located deeper paqsition in the T/IB model. Therefore "TI

NG

nd

ing

B at
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

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

FOREWORD

1) [The International Electrotechnical Commission (IEC) is a worldwide organization for standardjzation compriging
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatipnal
Co-operation on all questions concerning standardization in the electrical and electronic.fields. To this end fand
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repgrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt jvith
Mmay participate in this preparatory work. International, governmental and non-governmental organizations liai$ing
vith the IEC also participate in this preparation. IEC collaborates closely with<thé International Organizatior] for
Standardization (ISO) in accordance with conditions determined by agreemént-between the two organizationfs.

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

3) |EC Publications have the form of recommendations for international use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are-miade to ensure that the technical content of |[EC
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for [any
Mmisinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
ransparently to the maximum extent possible in theiy national and regional publications. Any divergence between
any |[EC Publication and the corresponding natiomalor regional publication shall be clearly indicated in the lajter.

5) JEC itself does not provide any attestation efi conformity. Independent certification bodies provide confority
hssessment services and, in some areas,;access to IEC marks of conformity. IEC is not responsible for [any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC ofits directors, employees, servants or agents including individual experts fand
members of its technical committees and IEC National Committees for any personal injury, property damagg or
bther 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 |EC
Publications.

8) Attention is drawn-to.the Normative references cited in this publication. Use of the referenced publicationfs is
ndispensable fqr the correct application of this publication.

9) |EC draws atfention to the possibility that the implementation of this document may involve the use off (a)
batent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent righfs in
Fespect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
Mmay be'required to implement this document. However, implementers are cautioned that this may not repregent
he/latest information, which may be obtained from the patent database available at https://patents.iec.ch. [EC
shall not be held responsible for identifying any or all such patent rights.

IEC 60601-2-37 has been prepared by subcommittee 62B: Medical imaging equipment,
software, and systems, of IEC technical committee 62: Medical equipment, software, and
systems. It is an International Standard.

This third edition cancels and replaces the second edition published in 2007 and
Amendment 1:2015. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) technical and editorial changes resulting from the amended general standard
IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 and
its collateral standards IEC 60601-1-xx,
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b) technical and editorial changes as a result of maintenance to normative references;

c) technical and editorial changes resulting from relevant developments in TC 87 Ultrasonics
standards. In particular, Clause 201.11 about protection against excessive temperatures
and other hazards has been fully revised.

The text of this International Standard is based on the following documents:

Draft Report on voting

62B/1318/CDV 62B/1348/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
thel above table.

The language used for the development of this International Standard is English:

This document was drafted in accordance with ISO/IEC Directives, Part 2,“and developed in
acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Sdpplement, availaple
at www.iec.ch/members_experts/refdocs. The main document types\developed by IEC pre
degcribed in greater detail at www.iec.ch/publications.

In this document, the following print types are used:
— |requirements and definitions: roman type.
— |test specifications: italic type.

— |informative material appearing outside of tables, such @s rotes, examples and references: in smaller type.
Normative text of tables is also in a smaller type.

— |TERMS DEFINED IN CLAUSE 3 OF |EC 6060%-1:2005, IEC 60601-1:2005/AMD1:2012 a&nd
IEC 60601-1:2005/AMD2:2020, IN THIS.DOCUMENT OR AS NOTED: SMALL CAPITALS.

In feferring to the structure of this document, the term

— |"clause" means one of the seventeen numbered divisions within the table of contents,
inclusive of all subdivisions (e.g. Clause 7 includes subclauses 7.1, 7.2, etc.);

— |"subclause" means a numbered subdivision of a clause (e.g. 7.1, 7.2 and 7.2.1 are]all
subclauses of Clause 7).

References to clauseSiwithin this document are preceded by the term "Clause" followed by the
clapise number. References to subclauses within this document are by number only.

In {his document, the conjunctive "or" is used as an "inclusive or" so a statement is true if any
combination of the conditions is true.

The verbal forms used in this document conform to usag

e described in Clause 7 of the ISO/IEC
Direc o i .

"shall" means that compliance with a requirement or a test is mandatory for compliance with
this document;

— "should" means that compliance with a requirement or a test is recommended but is not
mandatory for compliance with this document;

— "may" is used to describe a permissible way to achieve compliance with a requirement or
test.

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table title
indicates that there is guidance or rationale related to that item in Annex AA.

A list of all parts of the IEC 60601 series, published under the general title: Medical electrical
equipment, can be found on the IEC website
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

II\‘PORTANT — The "colour inside"” logo on the cover page of this document indicat'ts
tHat it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

In this document, safety requirements additional to those in I|EC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012, and |IEC 60601-1:2005/AMD2:2020 are specified for
ULTRASONIC DIAGNOSTIC EQUIPMENT.

A general guidance and rationale for the requirements of this document are given in Annex AA.

Knowledge of the reasons for these reqwrements WI|| not onIy facilitate the proper apphcatlon
of A d .
clini

Thy
DIAl

In pach case, the safety standard is intended to require increasing saphistication of output
display indicators and controls with increasing energy levels in the“interrogating field| of
diagnosis. Thus, for all such diagnostic modalities, it is the responsibility of the OPERATOR to
unferstand the risk of the output of the ULTRASONIC DIAGNOSTIE EQUIPMENT, and to jact
appropriately in order to obtain the needed diagnostic informationwith the minimum risk to the
PATIENT.
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MEDICAL ELECTRICAL EQUIPMENT -

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

20-1+——-Seopeobject-andrelated-standards

Clduse 1 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012, and
IEQ 60601-1:2005/AMD2:2020 applies, except as follows:

201.1.1 *Scope

Replacement:

This document applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of ULTRASONIC
DIAIGNOSTIC EQUIPMENT as defined in 201.3.217, hereinafter referred’to as ME EQUIPMENT.

If g clause or subclause is specifically intended to be applicable to ME EQUIPMENT only, of to
ME|SYSTEMS only, the title and content of that clause or subclause will say so. If that is not the
cage, the clause or subclause applies both to ME EQUIPMENT and to ME SYSTEMS, as relevan}.

HAEARDS inherent in the intended physiological fun€tion of ME EQUIPMENT or ME SYSTEMS within
the| scope of this document are not covered by ‘specific requirements in this document except
in 201.7.2.13.

This document does not cover ultrasgnic therapeutic equipment. Equipment used for fhe
imaging or diagnosis of body structdres by ultrasound in conjunction with other medical
prgcedures is covered.

201.1.2 Object

Replacement:

The object of this doeument is to establish particular BASIC SAFETY and ESSENTIAL PERFORMANCE
requirements for ULTRASONIC DIAGNOSTIC EQUIPMENT as defined in 201.3.217.

201.1.3 Collateral standards

Addition:

This document refers to those applicable collateral standards that are listed in Clause 2 of
IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 and
Clause 201.2 of this document.

IEC 60601-1-2:2014, IEC 60601-1-2:2014/AMD1:2020, IEC 60601-1-12:2014 and
IEC 60601-1-12:2014/AMD1:2020 apply as modified in Clause 202 and Clause 212 respectively.
All other published collateral standards in the IEC 60601-1 series apply as published.
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201.1.4 Particular standards

Replacement:

In the IEC 60601 series, particular standards may modify, replace or delete requirements
contained in IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 as appropriate for the particular ME EQUIPMENT under
consideration, and may add other BASIC SAFETY and ESSENTIAL PERFORMANCE requirements.

A requirement of a particular standard takes priority over [|EC 60601-1:2005,
IEGB060T-T20057/AMD T 20 T2 and 1EC 6060 T-T:20057/AMDZ272020.

The¢ numbering of sections, clauses and subclauses of this document corresponds to-tha{ of
IEG 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 with fhe
prefix "201" (e.g. 201.1 in this document addresses the content of (Clause 1| of
IEG 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020) | or
applicable collateral standard with the prefix "20x" where x is the final digit(s) of the collatgral
stapdard document number (e.g. 202.6 in this document addresses the content of Clause § of
thel IEC 60601-1-2 collateral standard, 203.4 in this document addresses’the content of Clajyise
4 of the IEC 60601-1-3 collateral standard, etc.). The changes to the text of IEC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 are specified by the usg of
thel following words:

"Re¢placement" means that the ~clause or subclause of |IEC 60601-1:20p05,
IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 or applicable collatgral
stapdard is replaced completely by this document.

"Addition" means that the text of this document is additional to the requirements| of
IEC 60601-1:2005, IEC 60601-1:2005/AMD1%2012 and IEC 60601-1:2005/AMD2:2020 | or
applicable collateral standard.

"Amendment" means that the clause or subclause of IEC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012 and-IEC 60601-1:2005/AMD2:2020 or applicable collatgral
staphdard is amended as indicated\by the text of this document.

Subclauses, figures or tables which are additional to those of the general standard gre
nurbered starting from-201.101. However, due to the fact that definitions in the gengral

staphdard are numbered\3.1 through 3.154, additional definitions in this document are numbefed
beginning from 201(3)201. Additional annexes are lettered AA, BB, etc., and additional itgms
aa), bb), etc.

Subclauses—or figures which are additional to those of a collateral standard are numbefed
starting from™20x, where "x" is the number of the collateral standard, e.g. 202 for IEC 60601-1-2,
203 for(IEC 60601-1-3, etc.

The term "this document" is used to make reference to the IEC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020, any applicable collateral
standards and this document taken together.

Where there is no corresponding section, clause or subclause in this document, the section,
clause or subclause of |IEC 60601-1:2005, [IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 or applicable collateral standard, although possibly not relevant,
applies without modification; where it is intended that any part of IEC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 or applicable collateral
standard, although possibly relevant, is not to be applied, a statement to that effect is given in
this document.
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201.2 Normative references

Clause 2 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies except as follows:

Addition:

IEC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic safety

and essential performance
IEC_60601-1:2005/AMD1:2012

IEG 60601-1:2005/AMD2:2020

IEQ 60601-1-12:2014, Medical electrical equipment — Part 1-12: General requirements for bgsic
safety and essential performance — Collateral Standard: Requirements for medical electrical
equiipment and medical electrical systems intended for use in the emergency medical serviges
envyironment

IE¢G 60601-1-12:2014/AMD1:2020

IEQ 60601-2-18:2009, Medical electrical equipment — Part 2-18: Particylar requirements for fhe
bagic safety and essential performance of endoscopic equipment

IEQ 62127-1:2022, Ultrasonics — Hydrophones — Part 1: Measurement and characterization of
meyical ultrasonic fields

IECG 62359:2010, Ultrasonics — Field characterization~ Test methods for the determination of
thermal and mechanical indices related to medical.diagnostic ultrasonic fields
IEC 62359:2010/AMD1:2017

CI$PR 11:2024, Industrial, scientific andsxmedical equipment — Radio-frequency disturbafce
chgracteristics — Limits and methods of measurement

201.3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60601-1:20p5,
IECG 60601-1:2005/AMD1:2042 and IEC 60601-1:2005/AMD2:2020 and in IEC 62359 and the
following apply.

ISQ and IEC maintdin terminology databases for use in standardization at the followjing
addresses:

o |IEC Electropedia: available at https://www.electropedia.org/

e [ISOOnline browsing platform: available at https://www.iso.org/obp

NOTEM" An index of defined terms is given after the Bibliography.

NOTE 2 A list of symbols used in this document is found in Table 201.101.
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Addition:

201.3.201
BONE THERMAL INDEX
TIB

THERMAL INDEX for applications such as foetal (second and third trimester), in which the
ultrasound beam passes through soft tissue and a focal region is in the immediate vicinity of

bone

Unit: None

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.17, modified — The origi
nofles have been deleted.]

201.3.202

COMBINED-OPERATING MODE

molde of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that combines morethan one DISCRE
OPERATING MODE

201.3.203

CRANIAL-BONE THERMAL INDEX

Tl

THERMAL INDEX for applications, in which the ultrasound beam~passes through bone near
beam entrance into the body, such as paediatric and¢adult cranial or neonatal ceph
applications

Unl|t: None

[SOURCE: IEC 62359:2010 and IEC 62359:2090/AMD1:2017, 3.21, modified — The origi
nofes have been deleted.]

201.3.204

DEKAULT SETTING

specific state of control the ULTRASONIC DIAGNOSTIC EQUIPMENT will enter upon power-up, n
PATIENT select, or change from\non-foetal to foetal applications

201.3.205
DISCRETE-OPERATING MODE

nal

the
hlic

nal

ew

mode of operation af ULTRASONIC DIAGNOSTIC EQUIPMENT in which the purpose of the excitafion

of fhe ULTRASONIC.TRANSDUCER or ULTRASONIC TRANSDUCER element group is to utilise only ¢
diagnostic methadology

201.3.206
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT
mepns by which the ULTRASONIC DIAGNOSTIC EQUIPMENT manages the acoustic out

ne

put

H d ol b ol 4 = 4 !
n CPTIHUTTIL UT'UNTTUL UFERATUR CUTTU UT

201.3.207
INVASIVE TRANSDUCER ASSEMBLY

transducer which, in whole or in part, penetrates inside the body, either through a body orifice

or through the surface of the body
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201.3.208

MECHANICAL INDEX

Indicator of the risk for bioeffects due to mechanical or nonthermal mechanisms, such as
cavitation

Symbol: M/

Unit: None

Note 1 to entry: See IEC 62359 for methods of determining the MECHANICAL INDEX.

201.3.209
MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT
ULTRASONIC DIAGNOSTIC EQUIPMENT that is intended for more than one clinical application

201.3.210

NON-SCANNING MODE
molde of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that involves a sequence of ultrasgnic
pulses that give rise to ultrasonic scan lines that follow the same acoustic| path

201.3.211
PRUDENT USE STATEMENT
aff;r:mation of the principle that only necessary clinical information should be acquired and that
high exposure levels and long exposure times should be avaided

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMB1:2017, 3.40]

201.3.212

SCANNING MODE
molde of operation of ULTRASONIC DIAGNOSTICEQUIPMENT that involves a sequence of ultrasgnic
pulses that give rise to scan lines that do*not follow the same acoustic path

201.3.213

SOFT TISSUE THERMAL INDEX
TIS
THERMAL INDEX related to soft fissues

Un|t: None
[SOURCE: IEC 62359:2010, 3.52, modified — The original notes have been deleted.]

201.3.214
THERMAL INDEX
Tl
inci’cator of the risk of bioeffect due to thermal mechanisms expressed as the ratio| of
ATTENUATED OUTPUT POWER at a specified point to the ATTENUATED OUTPUT POWER required to
raise the temperature at that point in a specific tissue model by 1 °C

Unit: None

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.56, modified — Addition of
“indicator of the risk of bioeffect due to thermal mechanisms expressed as the”, and the original
note has been deleted.]
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201.3.215

TRANSDUCER ASSEMBLY

those parts of ULTRASONIC DIAGNOSTIC EQUIPMENT comprising either the ULTRASONIC TRANSDUCER
and the ULTRASONIC TRANSDUCER ELEMENT GROUP, or both, together with any integral
components, such as an acoustic lens or integral stand-off

Note 1 to entry: The TRANSDUCER ASSEMBLY is usually separable from the ultrasound instrument console.

[SOURCE: IEC 62359:2010 and IEC 62359:2010AMD1:2017, 3.57, modified — "medical
diagnostic ultrasound equipment" has been replaced by "ULTRASONIC DIAGNOSTIC EQUIPMENT" in
the definition ]

201.3.216

TRANSMIT PATTERN
combination of a specific set of transducer beam-forming characteristics (determined by the
trapsmit aperture size, apodisation shape, and relative timing/phase delay pattern across fhe
apgrture, resulting in a specific focal length and direction), and an electrical“drive waveforn} of
a specific fixed shape but variable amplitude

[SQURCE: IEC 62359:2010, 3.58]

201.3.217
ULTRASONIC DIAGNOSTIC EQUIPMENT
MEDPICAL ELECTRICAL EQUIPMENT that is intended for ultrasonie*medical examination

201.3.218

ULTRASONIC TRANSDUCER
deyice capable of converting electrical energy.to mechanical energy within the ultrasgnic
freqjuency range and reciprocally of convertingimechanical energy to electrical energy

[SQURCE: IEC 62127-1:2022, 3.88]

201.3.219

ATTENUATED PULSE-AVERAGE INTENSITY
paja

valie of the acoustic PULSE-AVERAGE INTENSITY after attenuation and at a specified point, @nd
given by

—azfa,/10dB
b (2) = loa (2)10 7wt 1098) 1)
where
a is the ACOUSTIC ATTENUATION COEFFICIENT as defined in IEC 62359:2010. definition 3.1;
z is the distance from the EXTERNAL TRANSDUCER APERTURE to the point of interest;
fawf is the ACOUSTIC WORKING FREQUENCY as defined in I|EC 62359:2010 and

IEC 62359:2010/AMD1:2017, definition 3.4;

lpa(z) is the PULSE-AVERAGE INTENSITY measured in water as defined in IEC 62127-1:2022,
3.53.

Unit: W m—2
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201.3.220
NUMBER OF PULSES PER ULTRASONIC SCAN LINE

n
pps
number of acoustic pulses travelling along a particular ULTRASONIC SCAN LINE

Note 1 to entry: Here ULTRASONIC SCAN LINE refers to the path of acoustic pulses on a particular BEAM AXIS in
SCANNING and NON-SCANNING MODES.

Note 2 to entry: This number can be used in the calculation of any ultrasound temporal average value from
HYDROPHONE measurements.

Notg=$—toemtry— T e fottowigShTows —amm exampie of tTe NUMBER OF PULSES PER ULTRASONIC SCAN CINE and]the
NUMBER OF ULTRASONIC SCAN LINES (";" indicates the end of a frame):

1284;1234,1234..n =1;n =4

ps sl

1

=N

023344,11228844;..n  =2n,=4

1

=N

11222233334444;1111222233334444; ...npps=4;nsl=4

11223344111222333444;11223344111222333444, ...npps=5;n3|=4(withinonefrime
the jpulses down each line may not occur contiguously).

Within one frame, all scan lines may not have the same n

Nopd = 1,5; max Nops = 2; ny = 4

pps value. An example-disi 122334;122334; ..|lavg

[SOURCE: IEC 61157:2007/AMD1:2013, 3.45, modified <The fourth example in the Note 3 to
enfry has been corrected.]

201.3.221
ULTRASOUND ENDOSCOPE
ENDOSCOPE with built-in ULTRASOUND TRANSDUCERS

201.3.222

ENDOSCOPE
me[dical instrument having viewing means, with or without optics, introduced into a body cayity
thrpugh a natural or surgically created body opening for examination, diagnosis or therapy

Notg 1 to entry: ENDOSCOPES may 'be of rigid, flexible or capsule type, each of which may have different imjage
picd-up systems (e.g. via lenses+~or electronic/ultrasonic sensors) and different image transmission systems (e.g.
optigal (via lenses or fibre bundtles), or electrical/electronic).

Notg 2 to entry: Note~h16 entry differs from NOTE 1 of definition 3.1 in ISO 8600-1 in order to include 'capqule’
endpscopes.

[SOURCE: IEC-60601-2-18:2009, 201.3.203]

201.3.223

DERTH/FOR PEAK PULSE-INTENSITY INTEGRAL
Zpii

depth z on the BEAM AXIs and beyond the BREAK-POINT DEPTH z,, from the external transducer
aperture to the plane of maximum PULSE-INTENSITY INTEGRAL (pii) as approximated by the PULSE-
PRESSURE-SQUARED INTEGRAL (ppsi)

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.24, modified — Notes to entry
1, 2 and 3 deleted.]
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201.3.224
DEPTH FOR PEAK ATTENUATED PULSE-INTENSITY INTEGRAL

Zpii,

depth z on the BEAM AXIS and beyond the BREAK-POINT DEPTH Zpp of peak ATTENUATED PULSE-
INTENSITY INTEGRAL
Unit: m

Note 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359.

rm
3|”,

pth for maximum pii, « replaced with “depth for peak attenuated pulse-intensity integr
Noies to entry 1, 2 and 3 deleted and addition of a new Note to entry. ]

201.3.225

DERTH FOR PEAK SUM OF PULSE-INTENSITY INTEGRALS
Zgi
depth z on the BEAM AXIS and beyond the BREAK-POINT DEPTH pr of peak SCAN-INTENSITY
INTEGRAL

Unlt: m

Notg 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359.

Notg 2 to entry: The subscript 'sii' indicates the scan intensity integral)(sii). The sii for SCANNING MODE compongnts
at a| particular point is determined from the sum over a complete s€an frame of the PULSE-INTENSITY INTEGRALS of|the
ULTRASONIC SCAN LINES that make up the scanning components®ofia combined mode. Non-scanned components|are
excluded from the sum. See IEC 62359 and IEC 62127-1 for more details.

[SOQURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.74, modified — Main term
“dgpth for maximum sii” replaced with “depth’for peak sum of pulse-intensity integrals”, Nofes
to ¢ntry 1, 2 and 3 deleted and addition of\new Notes 1 and 2 to entry.]

201.3.226
DERTH FOR PEAK SUM OF ATTENUATED PULSE-INTENSITY INTEGRALS

Z .
Sipo
depth z on the BEAM AXIS and beyond the BREAK-POINT DEPTH Zbp of peak ATTENUATED SCAN-
INTENSITY INTEGRAL

Unlt: m

Notg 1 to entry: _BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359.

Notg 2 to entty:) The subscript "sii" indicates the "scan intensity integral" that is the sum at a particular point of{ the
PULBE-INTENSITY INTEGRALS of the ULTRASONIC SCAN LINES comprising a SCANNING MODE component. See IEC 62359
and|IEC 62127-1 for additional details.

[SOI IRCE:- |1EC 822EQ:-29N1N0
A=A m Ny g —n U

T O OO0

“depth for maximum sii,

integrals”, addition of “peak” in the definition, Notes to entry 1, 2 and 3 deleted and addition of
new Notes 1 and 2 to entry.]

=~ moadifi Al I-rr
s o1 o, HothTCt tratHh—term
”
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201.3.227
DEPTH FOR MECHANICAL INDEX

z
MI

depth on the BEAM-AXIS from the EXTERNAL TRANSDUCER APERTURE to the plane of maxim
ATTENUATED PULSE-PRESSURE-SQUARED-INTEGRAL (ppsi )

Unit: m

[SOURCE: IEC 62359:2010 and IEC 62359:2010/AMD1:2017, 3.23]

um

201.3.228

THERMAL OFFSET

AT, ffset

difference between a) the temperature of the APPLIED PART of the TRANSDUCER(ASSEMBLY,
stepdy-state in the measurement setting before transmitting begins and b) the steady-st
temperature at the same location in the measurement setting when the TRANSDUCER ASSEM
wasp not present

Notg 1 to entry: The value of the THERMAL OFFSET can be positive, negative or zera.

201.3.229

ULTRASOUND

acqustic oscillation whose frequency is above the high-freqdency limit of audible sound (ab
20 kHz)

[SQURCE: IEC 60050-802:2011, 802-01-01]

Table 201.101 <. bist of symbols

at
Ate
BLY

put

Slymbol Term Reference
AEprt = —-12 dB OUTPUT BEAM AREA IEC 62359
deq = EQUIVALENT BEAM DIAMETER IEC 62359
ol = ACOUSTIC WORKING FREQUENCY IEC 62359
Ip “ = ATTENUATED PULSE~AVERAGE INTENSITY
pi = PULSE-INTENSITY INTEGRAL IEC 62359
i, = ATTENUATED PULSE-INTENSITY INTEGRAL IEC 62359
Isrpa’a = ATTENUATED SPATIAL-PEAK PULSE-AVERAGE INTENSITY IEC 62359
sda = SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY IEC 62359
/spta,a = ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY IEC 62359
Lo N2) = ATTENUATED TEMPORAL-AVERAGE INTENSITY IEC 62359
Mi = MECHANICAL INDEX IEC 62359
Nops = NUMBER OF PULSES PER ULTRASONIC SCAN LINE IEC 61157
P = OUTPUT POWER IEC 62359
P = BOUNDED-SQUARE OUTPUT POWER IEC 62359
P, = ATTENUATED OUTPUT POWER IEC 62359
Py g = ATTENUATED PEAK-RAREFACTIONAL ACOUSTIC PRESSURE IEC 62359
P, = PEAK-RAREFACTIONAL ACOUSTIC PRESSURE IEC 62359
prr = PULSE REPETITION RATE IEC 62359
srr = SCAN REPETITION RATE IEC 62127-1
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Symbol Term Reference
TI = THERMAL INDEX IEC 62359
TIB = BONE THERMAL INDEX IEC 62359
TIC = CRANIAL-BONE THERMAL INDEX IEC 62359
TIS = SOFT-TISSUE THERMAL INDEX IEC 62359
ty = PULSE DURATION IEC 62359
XY = —-12 dB OUTPUT BEAM DIMENSIONS IEC 62359
z, = DEPTH FOR BONE THERMAL INDEX |IEC 62359
z,| = BREAK-POINT DEPTH IEC 62359
z\ = DEPTH FOR PEAK PULSE-INTENSITY INTEGRAL IEC 62359
z,l = DEPTH FOR MECHANICAL INDEX IEC 62359
Z0 = DEPTH FOR PEAK ATTENUATED PULSE INTENSITY INTEGRAL IEC 62359
z ) = DEPTH FOR PEAK SUM OF PULSE INTENSITY INTEGRALS IEC 62359
z), = DEPTH FOR PEAK SUM OF ATTENUATED PULSE INTENSITY INTEGRALS IEC 62359
z = DEPTH FOR TIS IEC 62359
Al frset = THERMAL OFFSET

AT = temperature rise caused by the TRANSDUCER ASSEMBLY*transmitting

201.4 General requirements

Clduse 4 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies, execept as follows:

201.4.1 Conditions for application to ME EQUIPMENT or ME SYSTEMS

Addition:

An| ULTRASOUND ENDOSCOPE where the imaging means is limited to ultrasound shall |be
cornsidered an ULTRASOUND TRANSDUCER and shall meet the requirements of this document.

NOTE 1 Examples of /such ULTRASOUND TRANSDUCERS include transvaginal, transesophageal (TEE), re¢tal,
lapgroscopic and etRer similar intra-cavity probes.

An|ULTRASOUND ENDOSCOPE having imaging means in addition to ultrasound shall also meet the
requirentents of 201.11.6.5 of IEC 60601-2-18:2009.

NOTE2" Examples of such additional imaging means include optical and CCD.

201.4.3 ESSENTIAL PERFORMANCE

Additional subclause:

201.4.3.101 Additional ESSENTIAL PERFORMANCE requirements

Table 201.102 lists the potential sources of unacceptable risk identified to characterize the
ESSENTIAL PERFORMANCE of ULTRASONIC DIAGNOSTIC EQUIPMENT and the subclauses in which the
requirements are found.
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Table 201.102 — Distributed essential performance requirements

infended for intra-corporeal use.

Requirement Subclause
Free from noise on a waveform or artefacts or distortion in an image or error of a displayed
numerical value which cannot be attributed to a physiological effect and which can alter the 202.8.1
diagnosis.
Free from the display of incorrect numerical values associated with the diagnosis to be 202.8.1
performed 2. o
201.12.4.2
Free from the display of incorrect safety-related indications.?
202.8.1
201.10.104
Free from the production of unintended or excessive ultrasound output.
2021841
Free from the production of unintended or excessive TRANSDUCER ASSEMBLY surface 202 8.1
temperature. e
Free from the production of unintended or uncontrolled motion of TRANSDUCER ASSEMBLIES 202.8 1

a8 | "incorrect" in the sense that the displayed value differs from what is calculated (havihg been

data transfer), or the calculation itself is not correct.

altered duripg

In pome circumstances the need for the repetition of an ultrasound examination should|be
evdluated as a HAZARDOUS SITUATION, for example, intrascorporeal investigation and strgss

tesfing for cardiopathic PATIENTS.

201.5 General requirements for testing ME'EQUIPMENT

Clgquse 5 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and

IEC 60601-1:2005/AMD2:2020 applies.

201.6 Classification of ME EQUIPMENT and ME SYSTEMS

Clgquse 6 of IEC'60601-1:2005, IEC 60601-1:2005/AMD1:2012 and

IEC 60601-1:2005/AMD2:2020 japplies.

201.7 ME EQUIPMENT-identification, marking and documents

Clgquse 7 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and

IEQ 60601-1:2005/AMD2:2020 applies, except as follows:

201.7.2.9 1P classification
Addition:

If the specified IPX classification is applicable for only part of the TRANSDUCER ASSEMBLY, the

marking of the IPX code on the TRANSDUCER ASSEMBLY is not required.

201.7.2.13 *Physiological effects (SAFETY SIGNS and warning statements)

Addition:

A description of the means used to limit the surface heating of INVASIVE TRANSDUCER ASSEMBLIES
to no more than 43 °C in the event of a SINGLE FAULT CONDITION shall be provided in accordance

with the requirements of Clause 12.
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Additional subclause:

201.7.2.101 *Acoustic output

For ULTRASONIC DIAGNOSTIC EQUIPMENT capable of generating output levels subject to 201.12.4.2
and which allows the OPERATOR to directly vary the output levels, the effect of adjusting the
control which varies the output level shall be clear. The marking shall be of the nature of an
active display.

A display of THERMAL INDEX and MECHANICAL INDEX shall be provided in accordance with the
requirements ol Clause 20T1.12Z, together with the declaration o1 accuracy described] in
Clguse 201.12.

A display relevant to ultrasound output levels (Clause 201.12) shall be clearly visible from the
OPERATOR'S position, with the full name(s) or abbreviation(s) of the index (indices), displayed.

201.7.9.2.2 *Warning and safety notices

Addition:

Fol ULTRASONIC DIAGNOSTIC EQUIPMENT capable of generating- output levels subject| to
Clduse 201.12, information shall be provided to the OPERATOR(®©R how to interpret the displayed
ultfasonic exposure parameters, THERMAL INDEX (T/) and MECHANICAL INDEX (M/) accordingd to
thel guidance given in Annex CC.

The procedures necessary for safe operation shall be provided, drawing attention to the saflety
hazards that can occur as a result of an inadequateelectrical installation when the APPLIED PART
of fhe ULTRASONIC DIAGNOSTIC EQUIPMENT is a TYPE B APPLIED PART.

Insfruction on the safe use of TRANSDUCER"ASSEMBLIES shall be provided, and, in particular,
insfructions to ensure that the ULTRASONIC DIAGNOSTIC EQUIPMENT is of the correct type for|its
intended application; for TRANSDUCERASSEMBLIES intended for intra-corporeal use, a warninI in

the| instructions not to activate the “TRANSDUCER ASSEMBLY outside the PATIENT'S body if the
TRANSDUCER ASSEMBLY, when so*activated, would not comply with electromagnetic compliapce
requirements and can cause harmful interference with other equipment in the environment. The
identification of interferengewith other equipment and mitigation techniques shall be incluged
in the ACCOMPANYING DOCUMENTS if the MANUFACTURER claims a reduction in test levels.

A notice shall be provided if the ULTRASONIC DIAGNOSTIC EQUIPMENT or parts thereof are provided
with protective means against burns to the PATIENT when used with high frequency (HF) surgical
eqliipment. If.ne 'such means are incorporated, notice shall be given in the ACCOMPANY|NG
DOCUMENTS~and advice shall be given regarding the location and use of the TRANSDUGER
AS$EMBLY Mo reduce the hazard of burns in the event of a defect in the HF surgical neutral
electrode connection.

A PRUDENT USE STATEMENT shall be provided for ULTRASONIC DIAGNOSTIC EQUIPMENT capable of
generating output levels subject to 201.12.4.2.

Descriptions shall be provided of any display or means relevant to ultrasound output by which
the OPERATOR can modify the operation of the ULTRASONIC DIAGNOSTIC EQUIPMENT. These
descriptions shall be in a separate section.

A description of any display or means by which the OPERATOR may modify the operation of the
ULTRASONIC DIAGNOSTIC EQUIPMENT relevant to surface temperature for INVASIVE TRANSDUCER
ASSEMBLIES intended for trans-oesophageal use shall be provided.
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A description of those parts of the TRANSDUCER ASSEMBLY that are permitted to be immersed in
water or other liquids either for NORMAL USE or performance assessment purposes shall be
provided.

A recommendation calling the OPERATOR'S attention to the need for regular testing and periodic
maintenance including inspection of the TRANSDUCER ASSEMBLY for cracks that allow the ingress
of conductive fluid shall be provided.

Instructions shall be provided regarding the avoidance of unintended control settings and
acoustic output levels.

Ou
DO
deq

Trd

Th
a H

fput limits selected according to 201.12.4.5.1 shall be declared in the ACCOMPANY
CUMENTS. For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT the output limjts<shall
lared for each application.

nsesophageal probes shall be removed from the PATIENT prior to applicatioh of a defibrilla

e outer surface of the portions of TRANSDUCER ASSEMBLY which is intended to be inserted i
ATIENT should be checked to ensure that there are no unintendéd rough surfaces, sh

edges or protrusions which can cause harm.

As

the use of ULTRASONIC DIAGNOSTIC EQUIPMENT is increasing-in the home care area, spe

attention should be paid to provide information to this type of\user. How this is addressed sho

be

201
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Thy
are

201
Ad

Aft

NO

201

documented in the RISK MANAGEMENT FILE. See |I[EC 60601-1-11.

.7.9.2.10 Messages

blacement of the first paragraph:

e instructions for use shall list all systemvmessages, error messages and fault messages t

.7.9.2.12 Cleaning, disinfection and sterilization

ition:

br second dashed jtem, add:

cleaning, disinfection or sterilization cycle, and method(s) of inspection.

[E This listyof parameters is neither exhaustive nor mandatory.

.7.9.3" Technical description

generated and are visible to the ORERATOR, unless these messages are self-explanatory.

NG
be

or.

hto

arp

Cial
uld

hat

a list of the pertinent parts, components and functions that should be checked after egach

Ad

201.7.9.3.101 *Technical data regarding acoustic output levels

For each mode, provide the maximum value of each THERMAL and MECHANICAL INDEX. These
data shall be provided following Table 201.103 and listed in the ACCOMPANYING DOCUMENTS.

Numerical values shall be entered in the cells indicated with "v™".

The equipment setting related to each index shall be entered in the "operating control
conditions" section of Table 201.103.
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For a TRANSDUCER ASSEMBLY and ultrasound instrument console that satisfies all of the
exemption conditions cited in 201.12.4.2 a) and c), information declared in the ACCOMPANYING
DOCUMENTS shall state that the THERMAL INDICES are 0,7 or less and the MECHANICAL INDEX is 1,0
or less for all device settings. If 201.12.4.2 b) and c) are satisfied instead of a) and c), the value
of 0,7 for THERMAL INDICES in this statement shall be replaced with 1,0.

NOTE 1 For Table 201.103, see Annex AA for a description of "Maximum Index Value' and (for T/S and TIB) 'Index
Component Values'.

NOTE 2 An operating mode can be interpreted to be any DISCRETE-OPERATING MODE (like B, M) as well as any
COMBINED-OPERATING MODE (like B+D+CFM).

NOTE 3 Per IEC 62359:2010 and IEC 62359:2010/AMD1:2017, the z_ and z, values are entered for non-scanned
(component) modes.

NOTE 4 According to 201.3.201, in the T/IB model the bone tissue is located below a soft tissue. Therefore the '[TIB
at surface" component is equal to the "TIS at surface" component, not T/C.

NOTE 5 Annex EE provides an example table to allow 3™ parties to recalculate the T/ ahd M/ values for dach
operating mode, including the contributions from each mode in COMBINED-OPERATING MODES,



https://iecnorm.com/api/?name=fabe04389eb47c4b24a8f24d529074ac

- 22 - IEC 60601-2-37:2024 © |EC 2024

Table 201.103 — Acoustic output reporting table
MODE

Mmi TIS TIB TIC

Index label At Below At Below
surface | surface | surface | surface

Maximum index value v v v v

Index component value

P, atz,, (MPa)
P (mW)
P (mW)

. z cm
coustic S (cm)

Q3

P4rameters z, (cm)
z,, (cm) v
2, (cm) v
fow (MHz) v
prr (Hz) v
srr (Hz) v
Moos v
Other lao @t 2, , (W/cm?) v
Information 5
lspta,a at 2,10 OF zm.’a(mW/cm ) v
2
lspta @t 2, 01 Z,; (mW/cm#) v
patz,, (MPa) v 5\

Control 1 L\
Control 2 ;\Q“
S
dperating Control 3 o
control Control 4 \L\
conditions Control 5 ‘.\O\
Control x ‘\\ :

N
NO[TE 1 Only one ot@ng condition per index.

NO|TE 2 Data fo@&’surface" and "below surface" are entered in both the columns related to T/S or TIB.

—h

NOJTE 3 @ tion need not be provided regarding T/C for any TRANSDUCER ASSEMBLY not intended |for
n

transcrani eonatal cephalic uses.

NO §(f f the requirements of 201.12.4.2a) or b) are met, it is not required to enter any data in the columns reldted
to 1L IB or TIC

NOTE 5 If the requirements of 201.12.4.2c) are met, it is not required to enter any data in the column related to
MI.

NOTE 6 The depths Z,; and Z,
MODES.

, apply to NON-SCANNING MODES, while the depths z .. and z_, apply to SCANNING

i, sii,a
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201.8 Protection against electrical HAZARDS from ME EQUIPMENT

Clause 8 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies, except as follows:

201.8.7.4.7 Measurement of the PATIENT LEAKAGE CURRENT
Addition:

aa) For testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersed in a 0,9 %
saline solation.

201.8.7.4.8 Measurement of the PATIENT AUXILIARY CURRENT

Addition:

For testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersed\in a 0,9 % saline
solution.

201.8.8.3 Dielectric strength
Adtlition:

aa For testing the TRANSDUCER ASSEMBLIES, the APPLIED.PART shall be immersed in a 0,9 %
saline solution.

201.8.9.3.4 Thermal cycling

Adf{lition, at the end of the first paragraph:

and, for ultrasonic transducer assemblies @nly, where T, is

— |10 °C above the maximum allowable temperature specified in the ACCOMPANYING
DOCUMENTS for cleaning, disinfection, sterilization, normal use or storage.

201.8.10.4 Cord-connected HAND-HELD parts and cord-connected foot-operated confrol
devices

Addition:
Thils subclause daes not apply to ULTRASONIC TRANSDUCER ASSEMBLIES.

201.9 Protection against MECHANICAL HAZARDS of ME EQUIPMENT and ME SYSTEMS

Clgquse 9 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 nd
IEG 60601-1:2005/AMD2:2020 applies. T

201.10 Protection against unwanted and excessive radiation HAZARDS

Clause 10 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies except as follows:
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Additional subclause:

201.10.101 *Ultrasonic energy

The MANUFACTURER shall address the RISKS associated with ultrasonic energy in the RISK
MANAGEMENT PROCESS as described in the text of this document.

Compliance is checked by inspection of the RISK MANAGEMENT FILE.

Acoustic output shall be switched off when the signal acquisition is stopped (i.e.: the "freeze"

feafture is enabled).

2001.11 Protection against excessive temperatures and other HAZARDS

Clduse 11 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEG 60601-1:2005/AMD2:2020 applies, except as follows:

201.11.1.2.2 *APPLIED PARTS not intended to supply heat to a PATIENT

Adflition:

TRANSDUCER ASSEMBLIES applied to the PATIENT shall have a PATIENT contact surface
tempperature not exceeding 43 °C in NORMAL CONDITIONS whenh measured under test conditipns
201.11.1.3.101.1.

TRANSDUCER ASSEMBLIES applied to the PATIENT “shall have a PATIENT contact surface

tenpperature not exceeding 50 °C when measured.under test conditions 201.11.1.3.101.2.

Co
tes

NO
the

201
Ad

Fo
tex|

Co
MA

mpliance is checked by operation of the( ULTRASONIC DIAGNOSTIC EQUIPMENT and temperat
ts as described in 201.11.1.3.

[E PATIENT contact surface includes any: part of the APPLIED PART, not just the radiating surface, but exclu
cable.

.11.1.3 *Measurements
dition:

the applied part of the TRANSDUCER ASSEMBLY, replace the third paragraph and the remain
{ of the subclause with the following:

mpliance_with the requirements of 11.1.1 and 11.1.2 is checked by inspection of the R
NAGEMENT FILE.

ling

ing

ISK

20

For the purposes of this test, thermal steady state is considered reached when the rate of
change of temperature is < 0,12 °C per minute for three consecutive minutes.

The TRANSDUCER ASSEMBLY shall be tested under the following conditions:

201.11.1.3.101.1 * Simulated use

The APPLIED PART of the TRANSDUCER ASSEMBLY shall be coupled acoustically to, and be initially
in thermal steady-state with, a test object such that the ultrasound emitted from the active
surface of the TRANSDUCER ASSEMBLY enters the test object.
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The heating or cooling of the TRANSDUCER ASSEMBLY and the positioning of TRANSDUCER
ASSEMBLY relative to the test object shall resemble those corresponding to the intended
application of that TRANSDUCER ASSEMBLY. This includes using a typical amount of ultrasound
coupling medium appropriate to the intended application.

The temperature shall be measured at the point on the APPLIED PART of the ULTRASONIC
TRANSDUCER ASSEMBLY that contacts the PATIENT during NORMAL USE and where the temperature
is @ maximum.

The test object shall have thermal and acoustical properties mimicking those of an appropriate
tisgue. In the case where the TRANSDUCER ASSEMBLY Is intended for external use this test object
shall account for a skin layer.

For soft tissue, the material of the test object shall have the following properties:

— |specific heat capacity: (3 500 £ 500) J/(kg-K);
— |thermal conductivity: (0,5 %+ 0,1) W/(m-K);
— |attenuation at 5 MHz: (2,5 % 1,0) dB/cm.

NOTE 1 A general guidance for the acoustic properties of appropriate tissue is‘given in ICRU report 61[1]1.

NOTE 2 As heat develops differently in tissue surfaces containing skinf bone or soft tissue, it is important to
conpider the choice of the model in relation to the intended use of the APRLIED PART. Additional guidance carn be
founpd in Annex DD and [2].

The test object shall be designed (for example, using.acoustic absorbers) to reduce heating fhe
sufface of the TRANSDUCER ASSEMBLY by minimizing,ultrasound reflections.

Te$t method a) or b) specified below shall be 'selected.

Test method a) shall be used where the ULTRASOUND DIAGNOSTIC EQUIPMENT uses a closed lgop
tempperature monitoring system, as the-tise of test method b) could result in inappropriate restlts.
o |the temperature of the test objéct should be stable,

e |and after contact with each-6ther, the temperature at the test object / APPLIED PART interface
should be stable before-tfie measurement is started.

a) | Test criteria based on peak temperature measurements.
The ambient tenmiperature shall be 23 °C + 3 °C.

Fof TRANSDUCER\ASSEMBLIES intended for external use, the surface of the test object befpre
contacting th€.APPLIED PART should be not less than 33°°C and stable.

Asla good.measurement practice, the temperature of the test object should not cool down duning
thel test.

For invasive TRANSDUCER ASSEMBLIES, the temperature of the point of contact of the test object
before contacting the APPLIED PART should be not less than 37 °C.

To meet the requirements of this test, the temperature of the surface of the APPLIED PART shall
not exceed 43 °C.

b) Test criteria based upon temperature rise measurements

The ambient temperature shall be 23 °C £ 3 °C. Any THERMAL OFFSET existing at thermal
steady state shall be a known, stable value (see Annex AA and 201.3.228).

T Numbers in square brackets refer to the Bibliography.
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For TRANSDUCER ASSEMBLIES intended for external use,

e the initial temperature of the surface of the test object at the object-transducer interface
before contacting the APPLIED PART shall be between 20 °C and 33 °C,

e the temperature measured under these test conditions shall be equal to the sum of 33 °C
plus the THERMAL OFFSET plus the measured temperature rise.
For INVASIVE TRANSDUCER ASSEMBLIES,

e the initial temperature of the point of contact of the test object before contacting the APPLIED

DA ohall ba baofia 20 O oy D7 O
T AT onal OG- oCTW e CTT 20 O alrtad J7 T

e |the temperature measured under these test conditions shall be equal to the sum of 37| °C
plus the THERMAL OFFSET plus the measured temperature rise.

To|meet the requirements of this clause, the calculated temperature shall not exceed 43 °C

Foll TRANSDUCER ASSEMBLIES intended for external use,

ATy + ATogreer +33 °C <43 °C 2)

For invasive transducer assemblies,

ATy + AT fiset +37C < 43 °C (3)

NOTE 1 When following this test method, the tempgérature rise is defined as the difference between the temperajure
of the TRANSDUCER ASSEMBLY just before the transdticer is activated acoustically and the maximum temperaturg of
the [TRANSDUCER ASSEMBLY measured during the test.

NOTE 2 The term "THERMAL OFFSET" is defined in 201.3.228. See also Figure AA.1.
201.11.1.3.101.2 * Still air

Suspend the TRANSDUCER ASSEMBLY with a clean surface (no coupling gel applied) in still aif or
place it in a stationary\position in an environmental chamber with minimal airflow across fhe
APPLIED PART of the (TRANSDUCER ASSEMBLY.

"In|still air" means an environment without air movement (flow) and an air temperature of 23(°C
+ 31 °C stablewithin 0,5 °C.

Test criteria are based upon temperature rise measurements.

The ambient temperature shall be 23 °C + 3 °C and the initial temperature of the APPLIED PART
of the TRANSDUCER ASSEMBLY shall be the ambient temperature or shall be offset from the
ambient temperature by a known, stable value at thermal steady state (see Annex AA and
201.3.228). During the test the sum of the temperature rise + THERMAL OFFSET of the APPLIED
PART of the TRANSDUCER ASSEMBLY shall not exceed 27 °C.

To meet the requirements of not exceeding a surface temperature of 50 °C, the sum of the
surface temperature rise obtained under these test conditions, the THERMAL OFFSET, and 23 °C
shall be regarded as the surface temperature under test conditions 201.11.1.3.101.2.

ATy + ATofset +23°C < 50°C (4)
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201.11.1.3.102 Operating settings

Operate the ULTRASONIC DIAGNOSTIC EQUIPMENT at a setting that gives the highest surface
temperature of APPLIED PART of the TRANSDUCER ASSEMBLY. The transmit parameters of the test
shall be recorded in the test report.

201.11.1.3.103 Test duration

The ULTRASONIC DIAGNOSTIC EQUIPMENT is continually operated for the duration of the test.

Thetestaccording to 261310t fshattbeconductedfor-36-mimoruntitthethermatsteady

staffe is reached.

Fof the purposes of this test, thermal steady state can be considered reached when the rat¢ of
change of temperature of the APPLIED PART is < 0,12 °C per minute for three consecutive minues.

The test according to 201.11.1.3.101.2 shall be conducted:

a) |for 30 min; or

b) |for twice the time period limited by an automatic output hold or'freeze" function in the case
where the OPERATOR is not able to switch off that function; or

c) |until thermal steady-state is reached.
If the ULTRASONIC DIAGNOSTIC EQUIPMENT automatically "freezes" or halts its output earlier than

theltime period given in this subclause, the ULTRASONICBDIAGNOSTIC EQUIPMENT shall be switched
on [again immediately.

201.11.1.3.104 *Temperature measurement

The temperature of the TRANSDUCER ASSEMBLY should be measured by any appropriate means
sugh as infra-red radiometry or thermocouple methods.

If & thermographic camera is used, see Annex AA for further details.

If § thermocouple is used,.the thermocouple junction and adjacent thermocouple lead wire
shquld be securely held(in good thermal contact with the surface being measured. The
thermocouple should be positioned and secured in such a way that it has a negligible effectlon
thel temperature rise-0fthe area being measured.

The size of the temperature measurement area of the sensor, or the focus size in case of|an
infla-red measurement system, should be such that any averaging effect is minimized.

The¢ temperature shall be measured on the surface of the applied part of the TRANSDUGER
AS$EMBLY in those areas that give the highest surface temperature.

The measurement uncertainty shall be recorded in the test report.

As part of measurement uncertainty determination, the measurement set-up can be used to
make surface temperature measurements of ULTRASONIC TRANSDUCERS of known maximum
surface temperature. It is recommended that the measurement set-up be validated.

For the estimation of uncertainties, the ISO/IEC Guide 98-1 to the expression of uncertainty in
measurement should be used [3].

NOTE 1 Any means to measure the temperature can be a type that is not overly sensitive to direct ultrasonic heating
(for example, if a thermocouple is used, it can be a thin film or fine wire). Additional factors, such as effects of
conductive losses, ultrasonic heating and spatial averaging on the measurement sensors or its connecting cables
after "averaging", are also relevant when assessing the measurement uncertainty.
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NOTE 2 Example means for measuring surface temperature of externally applied TRANSDUCER ASSEMBLIES is
provided in Annex DD of this document.

201.11.1.3.105 Test criteria

The TRANSDUCER ASSEMBLY shall operate throughout the test as specified in 201.11.1.3.103.
During the test, the maximum temperature or the maximum temperature rise shall not exceed
the limits specified.

Table 201.104 provides an overview of the tests and limits outlined in 201.11.1.3.

Table 201.104 — Overview of the tests noted under 201.11.1.3

Test to be applied Transducer type
External use Invasive-use
2011.11.1.3.101. | a) Temperature The surface of the test object before | The point of contact,of the test
1 contacting the applied part should object before gontacting the applig¢d
) be not less than 33 °C and the part should_be not less than 37 °Q
Sipnulated use temperature of the test object and the temperature of the test
tegt should be stable. object sheuld be stable.
The temperature shall not exceed The témperature shall not exceed
43 °C 432C.
b) Temperature Initially the temperature at the Initially the temperature at the
rise object-transducer interface shall be object-transducer interface shall e
between 20 °C and 33 °C and shall between 20 °C and 37 °C and shafl
be in thermal steady state. be in thermal steady state.
The ambient temperature-shall be The ambient temperature shall be
23°C+3°C 23°C+3°C.
The temperature rise.plus the The temperature rise plus the
THERMAL OFFSET shall not exceed THERMAL OFFSET shall not exceed
10 °C. 6 °C.
20(1.11.1.3.101. | Temperature The ambient'temperature shall be 23 + 3 °C and shall be in thermal steady
2 rise state.
St{ll air test Initiallythe temperature at the surface of the TRANSDUCER ASSEMBLY shal
(np gel) bethe ambient temperature.
The temperature rise plus the THERMAL OFFSET shall not exceed 27 °C.

201.11.6.5 *Ingress_of water or particulate matter into ME EQUIPMENT and ME SYSTEMS

Addition:

Those parts.of the TRANSDUCER ASSEMBLY specified by the MANUFACTURER which in NORMAL USE
arg likely fe-come into contact with the OPERATOR or PATIENT shall meet the requirementg of
drip-proofiequipment (IPX1). Connectors of the TRANSDUCER ASSEMBLIES shall be excluded flom
this réequirement.

Compliance is checked by the test required for the second characteristic, numeral 1 of
IEC 60529, with the TRANSDUCER ASSEMBLIES configured as in NORMAL USE, including the
connection of any cables, but excluding the condition when the TRANSDUCER ASSEMBLY is
disconnected from the ultrasound console.

Parts of the TRANSDUCER ASSEMBLIES specified by the MANUFACTURER as intended to be
immersed during NORMAL USE, shall meet the requirements of watertight equipment (IPX7).

NOTE 1 For this clause, NORMAL USE includes cleaning and disinfection.

Compliance is checked by the test required in IEC 60529:1989 for IPX7, with the exception of
14.2.7 a) and b).
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NOTE 2 Parts of the TRANSDUCER ASSEMBLIES not intended to be immersed during NORMAL USE can be temporarily
protected for the purposes of the test.

201.12 Accuracy of controls and instruments and protection against
hazardous outputs

Clause 12 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies, except as follows:

201.12.1 Accuracy of controls and instruments

Adglition:

The¢ accuracy of the data and controls specific to acoustic output shall be specifiedy includfing
thel following:

— |any display indicating THERMAL INDEX (Tl) and MECHANICAL INDEX (Ml);\see 201.7.9.2.2,
201.7.2.101 and 201.12.4.2.

— |technical data; see 201.7.9.3.101.

The¢ accuracy of the data and controls specific to the surfaCe-temperature of INVAYIVE
TRANSDUCER ASSEMBLIES intended for trans-oesophageal use shall be specified, including any
display of surface temperature, if provided; see 201.7.9.2.2 and’201.12.4.2.

NOTE Guidance for the estimation of uncertainties can be found in the)I[SO/IEC Guide 98-1 Guide to the expresgion
of uncertainty in measurement [3].

For hydrophone measurements on diagnostic systems that fulfil the 'low output' criteria of a)
and c) or b) and c¢) in 201.12.4.2, the narrowband-approximation of IEC 62127-1 can be applied
even if the criteria of 5.1.7.1 in IEC 62127-1:2022 cannot be fulfiled. When using ihis
sinplification, the additional measurement.uticertainty reflecting the limitations of a narrowband
metEsurement of a broadband signal shall be considered, in particular, when comparing output
data against thresholds.

Seg¢ IEC 62127-1 for additional details.

201.12.4.2 Indication relevant to safety
Ad{lition:

a) |If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding either a SOFT TIS$UE
THERMAL INREX of 0,7, a bone THERMAL INDEX of 0,7 or, for ULTRASONIC DIAGNOSTIC EQUIPMENT
intended 4€or'transcranial or neonatal cephalic applications, a cranial THERMAL INDEX of (,7,
in any.'mode of operation, then no display of the THERMAL INDEX is required (see glso
Annex.AA concerning 201.7.2.101).

b) |Ifthe ULTRASONIC DIAGNOSTIC EQUIPMENT is not intended for obstetric (including gynecolggic
when pregnarncy s possible), meomatattranscranial;, or meomatat-spimatapptications; amd is
not capable of exceeding either a SOFT TISSUE THERMAL INDEX of 1,0, a BONE THERMAL INDEX
of 1,0 or, for ULTRASONIC DIAGNOSTIC EQUIPMENT intended for transcranial applications, a
CRANIAL THERMAL INDEX of 1,0, in any mode of operation, then no display of the THERMAL
INDEX is required (see also Annex AA concerning 201.7.2.101).

NOTE 1 ULTRASONIC DIAGNOSTIC EQUIPMENT for which the oUTPUT POWER divided by the =12 dB OUTPUT BEAM
AREA is less than 20 mW/cm? and the SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY (lspta) is less than 100 mW/cm?
(cfr. low acoustic output criteria in 4.2.5 of IEC 61157:2007 and IEC 61157:2007/AMD1:2013 [38]) is not
expected to exceed a THERMAL INDEX of 1,0 if, for all operation conditions, both f . < 10,5 MHz, and

A,aprt < 1,25 cm?2. Consequently, the requirement listed in 201.12.4.2 b) is fulfilled.
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If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding a MECHANICAL INDEX of
1,0 in any mode of operation, then no display of the MECHANICAL INDEX is required.

NOTE 2 ULTRASONIC DIAGNOSTIC EQUIPMENT for which the peak-rarefactional acoustic pressure (p,) is less than
1 MPa is not capable of exceeding a mechanical index of 1,0 if, for all operation conditions, fawf > 1,0 MHz.
Consequently, the requirement listed in Clause 201.12.4.2 c) is fulfilled.

If the ULTRASONIC DIAGNOSTIC EQUIPMENT does not meet the criteria in a) or b) for omitting a
THERMAL INDEX display, then the capability shall be available for the OPERATOR to display the
SOFT TISSUE THERMAL INDEX (when exceeding a value of 0,4), the BONE THERMAL INDEX (when
exceedmg a vaIue of 0,4) or a CRANIAL THERMAL INDEX (when exceeding a value of 0,4), but

then the THERMAL INDEX display need only include the CRANIAL-BONE THERMAL INDEX-Whe |t
exceeds a value of 0,4 and is capable of exceeding a value of 1,0.

If the ULTRASONIC DIAGNOSTIC EQUIPMENT is capable of exceeding a MECHANIEAL INDEX of (1,0
in any mode of operation, then the MECHANICAL INDEX shall be displayed-whén it equalg or
exceeds a value of 0,4 in such an operational mode.

The ULTRASONIC DIAGNOSTIC EQUIPMENT shall allow the OPERATOR to display simultaneodusly
both a THERMAL INDEX (according to the requirements of a), b), d), and e) above) and the
MECHANICAL INDEX (according to the requirements of c) and f) above).

The increments for the display of THERMAL INDICES, if displayed (see a) — g)), shall be[no
more than 0,2 over the entire range of display.

The increment for the display of MECHANICAL INDEX, if<displayed (see a) — g)), shall be|no
more than 0,2 over the entire range of display.

If an ULTRASONIC TRANSDUCER intended for trans-oesophageal use is capable of exceedjng
a surface temperature of 41 °C, then the surface temperature shall be displayed or some
other indication provided to the OPERATOR when the surface temperature equals or exceg¢ds
a value of 41 °C (see 201.11.1.3).

.12.4.3 Accidental selection of excessive output values
blacement:

For ULTRASONIC DIAGNOSTIC(EQUIPMENT in which the design allows FULL SOFTWARE CONTROL
OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall switch to an appropripte
DEFAULT SETTING upon{power up, entry of new PATIENT identification data or change from a
non-foetal to a foetal ‘application. These DEFAULT SETTING levels shall be established by fthe
MANUFACTURER buti¢an be reconfigured by the OPERATOR.

For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT in which the design does not allow
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall
provide upen power up, entry of new PATIENT identification data or change from a non-fogtal
to a foetal application, a reminder to the OPERATOR to check (and reset or change|, if
appropriate) the acoustic output and the MECHANICAL INDEX and THERMAL INDEX displayed.

201

.124.5.1  *Limits

Addition:

Acoustic output shall be limited based on RISK ASSESSMENT and RISK MANAGEMENT following
ISO 14971 using the safety related parameters specified in this document and other relevant
information such as clinical experience.

NOTE For guidance on the relevance of the safety related parameters specified in this document, see Annex CC.
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201.13 HAZzZARDOUS SITUATIONS and fault conditions for ME EQUIPMENT

Clause 13 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies, except as follows:

201.13.1.2 Emissions, deformation of ENCLOSURE or exceeding maximum temperature

Addition at the end of the third dash:

SINIGLE FAULT CONDITION, if an alarm or indication is provided to the OPERATOR, as described in
12)3 of IEC 60601-1:2005, IEC 60601-1:2006/AMD1:2012 and IEC 60601-1:2005/AMBD2:20)20,
indjcating that a SINGLE FAULT CONDITION causing the temperature rise has occurred!

NOTE This exception is valid ONLY for TRANSDUCER ASSEMBLIES intended for application to the skin surface.

201.14 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS)

Clduse 14 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEQ 60601-1:2005/AMD2:2020 applies.

201.15 Construction of ME EQUIPMENT

Clduse 15 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 applies.

201.16 ME SYSTEMS

Clduse 16 of IEC 60601-4:2005, IEC 60601-1:2005/AMD1:2012 and
IEQ 60601-1:2005/AMD2:2020 applies:

2011.17 *Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS

Clduse 17 of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMB2:2020 applies.

202 ELECTROMAGNETIC DISTURBANCES — Requirements and tests
IEQ 60601,1-2:2014 and IEC 60601-1-2:2014/AMD1:2020 apply, except as follows:

202.7.1Protection of radio services and other equipment

202.7.1.17 General

Replacement:

ULTRASONIC DIAGNOSTIC EQUIPMENT shall be classified as Group 1 and class A or class B, in
accordance with CISPR 11, as per their intended use, specified by the MANUFACTURER in the
INSTRUCTIONS FOR USE. Guidance for classification according CISPR 11 is reported in Annex BB.

202.7.1.2 Operating modes

Replacement:

During EMISSIONS testing, the ME EQUIPMENT or ME SYSTEM shall be tested in the modes that
maximize EMISSIONS.
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The ULTRASONIC DIAGNOSTIC EQUIPMENT shall be tested in scanning mode unless the
manufacturer concludes that standby mode is the most likely to result in an unacceptable risk.

The operating modes selected for testing should be documented in the test plan and shall be
documented in the test report.

Compliance is checked by inspection of the test report.

202.8.1 * General

Am

Ad

The¢ following pass/fail criteria shall be considered during and after the IMMUNITY tests

ULT

203
Ad

Thy
DIA

203
Ad

Ac
2 H

endment:

Hition to 8.1 General, before NOTE 5:

RASONIC DIAGNOSTIC EQUIPMENT:

the disturbance shall not produce noise on a waveform or artifacts or distortion in an ima
or error of a displayed numerical value which can be attributed to@, physiological effect @
which may alter the diagnosis;

associated with the diagnosis to be performed;
the disturbance shall not produce an error in a displayed safety related indication;

the disturbance shall not produce unintended or exXgessive ultrasound output;

temperature;

the disturbance shall not produce unintended or uncontrolled motion of TRANSDU
ASSEMBLIES intended for intra-corporeal-use.

.8.2 PATIENT physiological simulation
Hition:

e use of a mimicking phantom is recommended to monitor the performance of the ULTRASO
GNOSTIC EQUIPMENT during testing.

p.8.9 * IMMUNITY TEST LEVELS

ition to notee)-in Table 4, e) in Table 5, e) in Table 6 and c) in Table 8:

cording\tothe intended use, the ULTRASONIC DIAGNOSTIC EQUIPMENT should be tested usin
z or- 2000 Hz modulation frequency (physiological simulation frequency), whichever

ide|
dis

tified by the RISK MANAGEMENT PROCESS. The modulation frequency adopted shall

of

ge
nd

the disturbance shall not produce an error in a display. o) incorrect numerical valles

the disturbance shall not produce unintended ©y‘excessive TRANSDUCER ASSEMBLY surface

ER

NIC

g a
is
be

202.8.11

losed in the test ropnrf

Addition:

Add the following note at the end of the paragraph:

IMMUNITY to proximity magnetic fields in the frequency range 9 kHz to 13,56 MHz

NOTE ULTRASONIC DIAGNOSTIC EQUIPMENT are likely to be sensitive to disturbances in the frequency range of the
IMMUNITY test to proximity magnetic fields. The manufacturer RISK ANALYSIS will document the applicability of the test
according to the intended use of the ULTRASONIC DIAGNOSTIC EQUIPMENT. The immunity pass/fail criteria in 202.8.1

will

be applied.
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212 Requirements for medical electrical equipment and medical electrical
systems intended for use in the emergency medical services
environment (EMS)

IEC 60601-1-12:2014 and IEC 60601-1-12:2014/AMD1:2020 apply, except as follows:

212.4.2.2.2 Transient operating conditions

Addition:

If the instructions for use state a more restricted range of transient environmental operaﬂng
conditions or an operation time shorter than 20 minutes at the transient environmental gperating
conditions, these conditions shall be justified in the RISK MANAGEMENT FILE.

A reduction of the test duration is allowed but not less than 5 min.
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Annexes

The annexes of IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020 apply.
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Annex AA
(informative)

Particular guidance and rationale

Clause 201.1.1 — Scope

The content of this document has largely been determined to cover ultrasonic medical
d|agnost|c and monitoring equipment including ultrasonic echo ranging dewces (both manual

and frequencies of TRANSDUCER ASSEMBLIES to cover a wide variety of applications. This has
beg¢n taken into account in drafting this document.

It it anticipated that later editions of this document may well spégify different or additignal
panlameters for specification relative to safety, reflecting the state.of biophysical understandjng
and measurement technology as will develop in the future.

Supclause 201.7.2.13 — Physiological effects (SAFETY SIGNS and warning statements)

The transeosophageal INVASIVE TRANSDUCER ASSEMBLY is considered a unique case requifing
special consideration due to its additional use inJehgthy monitoring applications.

Supclause 201.7.2.101 — Acoustic output

With certain ULTRASONIC DIAGNOSTIC EQUIPMENT in some operating modes, ten or more different
controls can affect ultrasound output-levels. While small changes in output level are nof of
concern to the OPERATOR, inadvertent large increases shall be avoided in many cases, as With
MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT (see 201.12.4.3).

On|most ULTRASONIC DIAGNOSTIC EQUIPMENT, there |s generally provided a single control means
for
len

requi
wh
or

An
pra

Subclause 201.7.9.2.2 — Warning and safety notices

Written instructions, as well as pre-programmed application-specific default levels, are
appropriate means for informing the OPERATOR of appropriate ultrasound output levels for
different clinical uses.


https://iecnorm.com/api/?name=fabe04389eb47c4b24a8f24d529074ac

- 36 - IEC 60601-2-37:2024 © |EC 2024

Subclause 201.7.9.3.101 — Technical data regarding acoustic output levels
Maximum index value

For the THERMAL INDEX: following 5.6.2 of IEC 62359:2010 and IEC 62359:2010/AMD1:2017,
including Table 1:

For TIS and TIB, the Maximum Index Value is the larger of the sum of the 'at surface' Index
Component Values and the sum of the 'below-surface' Index Component Values;

Fott TIC, the Maximum Index Value is the sum of the 'at-surface' non-scanned and scanned\ [/C
Index Component Values.

For MI, following 5.6.3 of IEC 62359:2010 and IEC 62359:2010/AMD1:2017, (ther maximjum
index value is the largest MECHANICAL INDEX of all active TRANSMIT PATTERNS. _i/e.,the maximum
indEx value is the largest of the Ml index component values of the active DISCRETE-OPERAT|NG
MODES in a COMBINED-OPERATING MODE.

Supclause 201.10.101 — Ultrasonic energy

This document places the responsibility for establishing upper limits of allowed levels| of
acqustic output on the MANUFACTURER based on RISK ANALYS]S,

Copcerns with possible excessive levels are addressed-by requiring an interactive real-time
display of acoustic output such as the THERMAL INDICES and MECHANICAL INDEX as included in
thig document.

Supclause 201.11.1.2.2 — APPLIED PARTS nof intended to supply heat to a PATIENT

Diggnostic TRANSDUCER ASSEMBLIES are-not intended to supply heat but do so because of enefgy
losp within the TRANSDUCER ASSEMBLY¥.@nd ultrasound absorption in the PATIENT.

NOTE General guidance for the acoustic properties of appropriate tissue is available in the literature [1].

WHen carrying out a risk analysis for the ULTRASOUND DIAGNOSTIC EQUIPMENT, the user of this
dogument shall take inte account that the temperature limit of 43 °C in IEC 60601-1:2005,
IEG 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020 is only applicable for lopg-
terjm (more than 10(min) contact with healthy skin of adults. Special consideration should|be
taken for an application on children. The influence of drugs and the condition of the patient pre
facfors that should be also considered in the risk-benefit analysis. With respect to further pot
forgseeable-developments, the safety of a long-term use of transducers (more than 10 min)
ins|de thebody is currently not well investigated. It is assumed that the safe use of temperatlrJIes
higher than 41 °C on children, inside the body and on patients with possible risky conditipns
shquld also be based on clinical experience.

The allowable maximum temperature of 43 °C for parts having contact with the PATIENT for more
than 10 min is consistent with IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020. This represents a safety factor of 2 relative to the threshold for
thermally induced chronic damage to the kidney, one of the most sensitive mammalian
tissues [4].

Net tissue temperature rise results from the following mechanisms:
— heat conduction from the transducer;
— absorption of ultrasound in the tissue;

— cooling by heat conduction to other parts of the tissue;
— cooling by heat transport due to blood perfusion.
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All TRANSDUCER ASSEMBLIES require test conditions and criteria appropriate to the unique clinical
scanning environment encountered by the device.

As ultrasound diagnostic devices generally are used in temperature controlled locations, the
ambient temperature of 23 °C + 3 °C has been chosen for the environment during the
measurement of transducer surface temperature.

In NORMAL USE, a trans-oesophageal or other INVASIVE TRANSDUCER ASSEMBLY operates
surrounded by tissue, such that the ambient temperature is the patient's internal body
temperature. Unlike the conditions encountered when operating the TRANSDUCER ASSEMBLY in
stil| air, both ultrasound energy and heat from the TRANSDUCER ASSEMBLY are efficieftly
trapsferred into the adjoining tissue. Both the heat directly conducted from the TRANSDUCER
AS3$EMBLY, as well as the heat resulting from ultrasound absorption within the tissue, afte-carrjied
off by transport effects such as blood perfusion, conduction and radiation.

In NORMAL USE, typically hand-held probes do not operate while surrounded by-tissue; the body
of {he probe assembly is in contact with ambient air temperature, while only, the small porfion
of the probe intended to contact the patient will be exposed to an(ambient temperature
determined by patient's core body temperature.

Supclause 201.11.1.3 — Measurements

In [the still-air test of 11.1.3 of IEC 60601-1:2005, MEC/60601-1:2005/AMD1:2012 and
IEC 60601-1:2005/AMD2:2020, essentially all of the electrical energy would be converted into
heIt within a TRANSDUCER ASSEMBLY, since ultrasound radiation into air (unlike that into the
bodly) is highly inefficient. Due to the use of coupling)gel and the usually low heat capacity of
thel ULTRASONIC TRANSDUCER surface layer, it can ‘be expected that, from the free-air situation
intd the NORMAL USE situation, the surface temperature would drop quickly. The modification of
201.11.1.3 to allow for a 50 °C limit in the still=air test is appropriate to ensure that in NORMAL
USK conditions the temperature can drop:to43 °C within 1 min. (See 11.1.1, Table 24 of the
IEG 60601-1:2005, IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020.)

Thils is also true for INVASIVE TRANSDUCER ASSEMBLIES intended for trans-oesophageal use.
Although contact with the internal-surface of the oesophagus is prolonged, the time in which
thel initial transducer temperature is in contact with a single tissue site is relatively shprt.
Furthermore, the transducerarea that is heated is relatively small, providing little heat capadity,
and the resulting heat is rapidly drawn away from the transducer as it passes through the mouth
and into the oesophagus. As a result, no tissue encounters a temperature in excess of the
g of

The TMM is intended both to |nh|b|t coollng by convectlon and to model the acoustic propertles
of a specific tissue. The use of three different types of models can be justified:

— a model with a bone mimic close to the surface;

— a model with a skin mimic at the surface;

— a model consisting of a soft tissue mimic.

The test object should be designed such that increasing the size will have a negligible effect on
the surface temperature of the TRANSDUCER ASSEMBLY.

When the TRANSDUCER ASSEMBLY is intended for intra-cavity use, the TRANSDUCER ASSEMBLY
should be potted in a tissue-mimicking material (TMM) to a depth such that increasing the depth
will have a negligible effect on the surface temperature of the TRANSDUCER ASSEMBLY.
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When the surface of the ULTRASONIC TRANSDUCER is curved, care should be taken to ensure that
the whole surface is in contact with the model used to mimic the intended use.

Alternative materials can be used where the results can be shown to be comparable; most
significantly, however, the material used shall exhibit an ultrasonic absorption coefficient and
thermal properties appropriate to the intended model.

Subclause 201.11.1.3.101.1 — Simulated use

g on

to

fa
Fop
all
le-
rial

tenpperature. The right part of Figure AA.3 does not showya thermal drop, because the tisspe-
mirnicking material is in thermal steady state with the probe and the surrounding air. Therefqgre,
no |heat transfer from the tissue-mimicking materiakto/any other material occurs.
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Figure AA.1 — Method a) for an external probe
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Figure AA.3a) — With heat source at room

Figure AA.3b) — Without heat source at room

Method a) for a probe with-heat sources.

temperature temperature

Figure AA.3 — Method b) for an external probe

1) TMM surface is*>33 °C before the probe is coupled to the TMM.

2) The appliedpart — TMM surface interface increases because heat is transferred to the
TMM. Atsteady state condition shall be reached before (3) is started.

3) The applied part temperature increases during the 30 min measurement time or until the
thermal steady state is reached. In case of closed loop systems, the temperature might
not increase continuously.

4) The-maximum-temperature-during-the-measturementeyete-is—determined-

Method a) for a probe without heat sources.

5) TMM surface is >33 °C before the probe is coupled to.

6) The applied part — TMM interface drops slightly because heat is transferred away from
the TMM. The probe acts like a heat sink and moves heat away from the TMM. The
amount depends on the probe heat capacity, thermal conductivity, and probe handle
surface area. For some probes, the effect might be negligible. A steady state condition
shall be reached before (7) is started.

7)

The applied part temperature increases during the 30 min measurement time or until the
thermal steady state is reached. In case of closed loop systems, the temperature might
not increase continuously.
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The maximum temperature during the measurement cycle is determined.

Method b) for a probe with heat sources, where method b) is used at temperatures close to
method a)

9)

10)

11)

12

Method b) for a probe without heat sources, where method b) is used at temperatures close
method a)

13
14

15

16

Method b) for a probe with heat sources; where method b) is used at room temperature

17
18

19

20

Mefhod b) for a probe without heat sources, where method b) is used at room temperature

TMM surface is <33 °C before the probe is coupled to.
steady state condition shall be reached before (11) is started.

thermal steady state is reached.

The applied part — TMM interface increases because heat is transferred to the TMM. A

The applied part temperature increases during the 30 min measurement time or until the

can help to find the offset and temperature rise. The second sensor is visualized a
light blue line.

TMM surface is <33 °C before the probe is coupled to.

The applied part — TMM interface drops slightly because heatis transferred away fr
the TMM. The probe acts like a heat sink and moves heat away from the TMM. 1
amount depends on the probe heat capacity, thermal conductivity, and probe han
surface area. A steady state condition shall be reached before (15) is started.

The applied part temperature increases during the-30 min measurement time or until
thermal steady state is reached.

The temperature rise and offset are found-@s‘shown by arrows on the graph. A secq
sensor on the test object, at a sufficient distance to avoid thermal impact from the pro

light blue line.

TMM surface is ~23 °C before the probe is coupled to.

The applied part — TMM surface interface increases because heat is transferred to
TMM. A steady state:condition shall be reached before (19) is started.

The applied part temperature increases during the 30 min measurement time or until
thermal steady state is reached. In case of closed loop systems, the temperature mi
not increase(continuously.

The temperature rise and offset are found as shown by arrows on the graph. A secq
sensor.‘on'the test object, at a sufficient distance to avoid thermal impact from the pro

light-blue line.

The temperature rise and offset are found as shown by arrows on the graph. A sectnd

sensor on the test object, at a sufficient distance to avoid thermal impact from thé\prope,

a

to

om
'he
dle

the

nd
be,

may help to find the offset and temperature rise. The second sensor is visualized afs a

the

the
ght

nd
be,

may-help to find the offset and temperature rise. The second sensor is visualized afs a

21) TMM surface is ~23 °C before the probe is coupled to.

22)

23)

24)

The applied part — TMM interface does not drop because the phantom, probe and

environment are in thermal steady state. A steady state condition shall be reached

before (23) is started.

The applied part temperature increases during the 30 min measurement time or until the

thermal steady state is reached. In case of closed loop systems, the temperature might

not increase continuously.

The temperature rise and offset are found as shown by arrows on the graph. A second

sensor on the test object, at a sufficient distance to avoid thermal impact from the probe,

may help to find the temperature rise. The second sensor is visualized as a light b
line.

lue
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Subclause 201.11.1.3.101.2 - Still air

For some TRANSDUCER ASSEMBLIES such as mechanically rocked 3D probes, or solid state
probes with integrated multiplexing electronics, the temperature of the APPLIED PART (surface
temperatures) may not stabilize at an initial steady-state temperature equal to the air-ambient
temperature when the acoustic power is 'off' (i.e.: non-energized transducer elements). Rather,
a fixed offset temperature may exist.

In such cases, the initial APPLIED PART temperature shall be the ambient temperature plus the
THERMAL OFFSET, and the final surface temperature shall be considered as the sum of the
mﬁrsured APPLIED PART temperature rise obtained during the 30 min test plus the ofiset
tenpperature plus 23 °C.

Note that the THERMAL OFFSET might be eliminated by completely disconnecting the-TRANSDUGER
AS$EMBLY from the ULTRASONIC DIAGNOSTIC EQUIPMENT when the acoustic power. is)off.

Supclause 201.11.1.3.104 — Temperature measurement

Temperature measurement with thermographic camera (infrared camera) under the still|air
condition should be conducted with reference to IEC TS®%3070:2019 which covers
mejasurement on both diagnostic and therapeutic (physiotherapy«and HITU) equipment [52]

Supclause 201.11.6.5 — Ingress of water and particulatenmatter into ME EQUIPMENT and|ME
SYSTEMS

All|TRANSDUCER ASSEMBLIES are assumed to reqdire”some contact with fluids during nor
opg¢ration. Some TRANSDUCER ASSEMBLIES are desighed to be immersed in water baths wherein
thel water bath provides a link in the acoustic coupling path to the PATIENT while other
TRANSDUCER ASSEMBLIES, employed for contact scanning, need only minimal contact with some
coypling gel at the TRANSDUCER ASSEMBLY'S active surface. The MANUFACTURER is expected to
spgcify, through knowledge of the application and TRANSDUCER ASSEMBLY design, the partg of
thel TRANSDUCER ASSEMBLY that can be“wetted in NORMAL USE, see 201.7.9.2.2.

The requirement and test as specified are considered suitable for this ULTRASONIC DIAGNOSTIC
EQUIPMENT and avoid conflict with the WATERTIGHT requirements of IEC 60601-1:2005,
IEC 60601-1:2005/AMD1:2012 and IEC 60601-1:2005/AMD2:2020. The tests specified
dogumented in IEC 60529: The IPX1 code indicates protection of equipment against the ingréss
of water with harmfulieffects by dripping; the IPX7 code indicates protection of equipmgnt
against ingress ofswater with harmful effects by temporary immersion.

Supclause 204.12.4.5.1 — Limits

WhHile thissdocument places no upper limits on permitted levels of acoustic output, all EQUIPMENT

resuHirg—frem HANGFAGTFURER AANAGEMENT—OA-the—one—hand—the MANUFAGTYRERS
should continuously track the scientific discussions on safety of ultrasonic fields for diagnostic
ultrasound, on the other hand the OPERATORS should know about the — possibly application-
dependent — limits of their EQUIPMENT as selected by the MANUFACTURER.

Compliance with 201.12.4.5.1 can be checked by inspection of the relevant documentation of
the results of the RISK MANAGEMENT process provided by the MANUFACTURER, including relevant
information such as clinical experience.
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Clause 201.17 — Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS

ULTRASONIC DIAGNOSTIC EQUIPMENT is categorised as class A (under IEC 60601-1-2) when the
environment for the intended use as defined by the MANUFACTURER is in a hospital or a similar
environment. For the extension of the intended use into a residential environment the
ULTRASONIC DIAGNOSTIC EQUIPMENT shall be categorised as class B. For further details, see
Annex BB.

ULTRASONIC DIAGNOSTIC EQUIPMENT, which is the subject of this document, is classified in
Group 1 (under Annex C.2, IEC 60601-1-2:2014), since the device shall intentionally generate
radio frequency energy and transmit it through a shielded external cable (up to 2 m or longef in
length) to a TRANSDUCER ASSEMBLY at the end of the cable.

For INVASIVE TRANSDUCER ASSEMBLIES, radiated and conducted emissions per IEC/60601-[1-2
should be performed both with and without the transducer active to ensure compliance when
thel transducer is outside the body and not activated, and secondly, whenthe/transducer is
ins|de the body and activated. The condition "inside the body and activated" Should be simulated
using a phantom having the same attenuation as human tissue in the fregliency pass band of
theltransducer. The phantom should only be used while making radiated.or conducted emissjion
mejasurements in the frequency pass band of the transducer unless:the phantoms frequency
characteristics are known over the entire frequency range of 150-kHz to 1 000 MHz.

Supclause 202.8.1 — General

There is common agreement that it is not possible t0 require that nothing happen when|an
eleptromagnetic disturbance is applied to an ULTRASOUND DIAGNOSTIC EQUIPMENT which is
intended to acquire signals in the yV range by means of a transducer whose cable length is
moye than 2 m.

The¢ sense of the requirement is that{under the test conditions specified in 8.1| of
IEC 60601-1-2:2014 and |EC 60601-1-2:2014/AMD1:2020, the ULTRASONIC DIAGNOSTIC
EQUIPMENT shall be able to provide thé/ESSENTIAL PERFORMANCE and remain safe.

Examples of conformance to the compliance criteria:

— |ULTRASONIC DIAGNOSTICEQUIPMENT displays an image that may have regular dots or das:lres
or lines produced by the disturbance, but in a way that is recognisable as other than
physiologic and that'would not affect diagnosis;

— |ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image that may have lines on a Doppler
trace, but intwa way that is recognisable as other than physiologic and that would not affect
diagnosis;

— |ULTRAS@NIC DIAGNOSTIC EQUIPMENT displays an image and Doppler traces which may|be
covered with noise signals, but in a way that is recognisable as other than physiologic and
that would not affect diagnosis.

Subclause 202.8.9 — IMMUNITY TEST LEVELS

ULTRASOUND diagnostic devices are intended to analyse both slow physiological parameters,
like heart wall motion, and relatively fast phenomena, like blood velocity (detected as Doppler
shift on the order of kHz). 2 Hz modulation frequency is intended to test the former, while 1 kHz
modulation frequency is intended for the latter.


https://iecnorm.com/api/?name=fabe04389eb47c4b24a8f24d529074ac

IEC 60601-2-37:2024 © |IEC 2024 - 43 -

Annex BB
(informative)

Guidance in classification according to CISPR 11

Rules for classification and separation into groups of equipment are contained in CISPR 11.
ULTRASONIC DIAGNOSTIC EQUIPMENT that is the subject of this document is classified in Group 1
(under Annex C.2, IEC 60601-1-2:2014), since the device shall intentionally generate
radiofrequency energy and transmit it through a shielded external cable (up to 2 m or longer in
length R-ASSEM 3 d—ef-the e—Fhe 2% i
pravide summarized information for the assignment of the ULTRASONIC DIAGNOSTIC EQUIRMENT
to fhe appropriate CISPR 11 class.

AFRANSD : : PUFPOSE— pRex—g to

oa=aoa - Ca SacameaS > ol =

e [Subclause 5.2 of CISPR 11:2024
Ac¢ording to the subclause, division into classes is as follows:

— |Class A equipment is equipment suitable for use in all locations othef)than those allocated
in residential environments and those directly connected to a low ‘voltage power sugply
network which supplies buildings used for domestic purposes.

— |Class B equipment is equipment suitable for use in locations;in residential environments
and in establishments directly connected to a low voltage, power supply network which
supplies buildings used for domestic purposes.
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Annex CC
(informative)

Guidance to the MANUFACTURER on the interpretation of T/ and M/
to be used to inform the OPERATOR

CC.1 Guidance

It is
DIA] 3
information with the minimum risk to the patient. To be able to do so the manufacturer.of the
deyice should provide information to the user regarding how to interpret the displayed ultrasgnic
exposure parameters, THERMAL INDEX and MECHANICAL INDEX. A detailed rationale and derivation
of T/ and MI models is reported in Annex A of IEC 62359:2010, while brief reviews-are availaple
in the literature [6], [7]. This annex provides guidance on subjects that should be taken ipto
acgount in drawing up a PRUDENT USE STATEMENT to be used in the instructions for use|as
specified in 201.7.9.2.2 of this document.

The relationship of various acoustic output parameters (e.g., acousti¢-intensity, pressure, poyer,
etc]) to biological endpoints is not presently fully understood. Evidence to date has identiij:ed
twq fundamental mechanisms, thermal and mechanical, by jwhich ultrasound can indiice
biogeffects [8], [9], [5], [10], [11], [12] and, in certain cases, alteration or damage to tissue.

The temperature rise and the possibility of cavitation‘seem to depend on such factors as the
total energy output, the mode, the shape of the ultrasound beam, the position of the focus, fhe
centre frequency, the shape of the waveform, thepulse repetition frequency, and the duty facjor.
The T/ and M/ are indices designed to give the.user instant information about the potential|for
thermal or mechanical bioeffects. Because the, M/ and T/ reflect instantaneous output conditipns,
thely do not take into account the cumulative effects (especially heating) of the total examination
time. It is relevant to indicate that shortening insonation times can give a large safety margin
under some conditions (wide, scanning beams in soft tissue) but no significant margin unfler
othier conditions (narrow, non-scanning beams on bone) [13].

As [far as cavitation is concernéd there is agreement that the potential for biological effects rises
with a rising peak rarefaCtional pressure. There is lesser agreement about the frequepcy
dependence of the occurrence of cavitation in tissue [9], [10], [14], [15], [16], [17]. Neverthelgss,
thel M/ is intended to_give a relative indication of the potential for mechanical bioeffects such|as
cayitation.

The T/ givessa relative indication of the potential for temperature increase at a specific pgint
alohg the ultrasound beam. The reason for the term "relative" is that the assumed conditipns
for|heatingsin tissue are complex such that any single index or model cannot be expecteq to
give the_actual increase in temperature for all possible conditions and tissue types. Thus, fqr a
pafticular beamshape, a T/ of 2 represents a higher temperature rise than a T/ of 1 but does
not necessarily represent a rise of 2 °C. The important point about the TTis that it is designed
to make the OPERATOR aware of the possible temperature rise at a particular point in tissue. To
inform the OPERATOR, limitations about the use of the indices are given below.

Subclause 201.12.4.5.1 of this document requires that acoustic output be limited based on RISK
ASSESSMENT and RISK MANAGEMENT following 1SO 14971 using the safety related parameters
specified in this document. The indices do not presently provide absolute safety limits. Safety
limits based on biological effects remain a topic of research for consideration in future standards.
The demarcation between safe levels and levels where there exists a potential for biological
effects is of importance for the OPERATOR.

The WFUMB [5] gives some guidelines: embryonic and foetal in situ temperature above 41 °C
(4 °C above normal temperature) for 5 min or more should be considered potentially hazardous.
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The same is true if the anticipated acoustic pressure amplitude at the surface of the postnatal
lung tissue exceeds 1 MPa. However, the actual threshold for effects in the lungs of mammalian
laboratory species is a complex combination of the values of the acoustic output parameters [18]

What the indices do provide is an indication of the conditions that are more likely than others
to produce thermal or mechanical effects.

For example, Tl values towards the upper end of the range (over 1,0) might best be avoided in
obstetric applications. Such a restriction allows a reasonable safety margin considering the
WFUMB recommendation that a temperature increase of 4 °C for 5 min or more should be
considered as potentially hazardous to embryonic and foetal tissue [5]. However, if a particylar
clinfical result cannot be obtained with lower values, increased output may be warranted; put
patffticular attention should be paid to limiting the exposure time. Any extra thermal loadto the
foetus when the mother has a fever is also unwise, and again note should be made to avjoid
high T/ values [19]. ISUOG [20] states that doppler ultrasound should not be used routinely|on
foetuses between 11 and 14 weeks of pregnancy, in addition T/ should not'exceed 1 when
doppler ultrasound is performed, and that the exposure time should be kept as'short as possible
and should not exceed 60 min (usually 5 min to 10 min).

BMUS [21] presents recommended maximum T/ and M/ values for each application, as welllas
makimum recommended scanning times for a range of T/ values -AIlUM [22] also has publis'hLed
regommended maximum scanning times for displayed T/ values. These two safe use guidelines
agrlee for obstetrical, neonatal trans-cranial, and neonatal spinal exams. However, for all other
exgms, the AIUM recommendations are less conservative,as explained in Harris et al. 2016
. For obstetric, neonatal transcranial, and neonatal spinal exams, both safe use guidelines
begin at T/=0,7 (i.e., they state that there is no scanning time limit if T/ < 0,7).

where poorly perfused tissues are expected, the-T/ may underestimate the possible worst-case
temperature rise, and again the T/ should bée maintained at a lower value. Conversely, when
scgnning organs known to be well perfused, such as hepatic, cardiac or vascular structures,
the] value of T/ may overestimate the temperature rise.

The¢ modelling for predicting T/ assumes some\cooling by blood perfusion. For applicati}ns

In ¢linical applications where the.TIS has been selected to be shown on the screen, it may well
be Imore appropriate to inform the OPERATOR to pay attention to the value of T/B. Examples pre
for|breast scanning, when ribs-may be exposed, and for vascular studies when vessels lie close
to bone surfaces.

The assumption is made that the surface heating in soft tissue SCANNING MODE is always larper
thaln the worst-case) bone heating at depth. This assumption may not be universally true, gnd
for|this reason. T/ values in both B-mode and Doppler imaging modes in second and third
trimester scanhing shall be interpreted with caution.

The Tl(values in SCANNING MODE predict heating in tissue next to the transducer surface que
only.%6,the energy absorbed from the beam. No correction is made for the heating of fhe
transducers where the heating is also predicted next to the transducer.

The MI becomes important at a gas/soft tissue interface, for example in cardiac scanning where
the lung surface can be exposed. Most critically, however, it is with the use of contrast materials
when most attention should be made to limit MI.

There are always limitations due to measurement and parameter determination imperfections
when utilizing mathematical models. Specific limitations of the M/ and T/ are identified in
IEC 62359. These limitations should be taken into account when drawing up guidance to the
user on the interpretation of the indices.
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The EFSUMB Clinical Safety Statement for Diagnostic Ultrasound [24] is useful information.
For example, B mode including coded transmission technology, spectral pulse wave Doppler
and Doppler imaging modes (such as color flow imaging and power Doppler imaging, etc.) can
produce more tissue heating and higher T/S.

Attention should be paid to the use of long-duration waveforms with higher outputs than normal
diagnostic ultrasound, such as shear wave elastography [25], which evaluates the elasticity of
shear waves using acoustic radiation forces. If there is bone tissue near the focal point, there
is a concern of a significant temperature rise [26] [27]. In animal studies, it has been reported
that exposed ultrasound to the heart with contrast agents causes premature ventricular
co ; ; rs
[30] [31]. It may not be appropriate or valid to apply the current T/ models in the shearwave
elastography: the T/ and MI displayed for these applications may represent an underestimpate
of the temperature rises and mechanical effects to be expected [25]. So far, no specific fisk
indjcator has been developed, thus the duration of the shear wave elastography should be kgpt
as Jow as possible to reduce the thermal stress to the targeted tissue.

Talle CC.1 summarizes the relative importance of maintaining low index-values in spedific
scgnning situations.

Table CC.1 — Relative importance of maintaining low\exposure indices
in various scanning situations

Of greater importance Of less importance

MECHANICAL INDEX | With contrast material In the absence of gas bodies:

i.e. in most tissue imagin
Cardiac scanning (lung exposure) 9ing

Abdominal scanning (bowel gas)

THERMAL INDEX First trimester scanning In well perfused tissue

. i.e. liver, spleen
Foetal skull and spine

In cardiac scanning
Neonatal head

) In vascular scanning
PATIENT with fever
In any poorly perfused tissue

Ophthalmic sganning (requires different risk estimate)

If ribs or bone is exposed: TIB

Cd.2 Prudent use

It is conventional to consider all biological effects of ultrasound as deterministic effects] in
contrast 4exthe assumption for ionizing radiation, for which it is known that some effects pre
stochastic and act without threshold. For some effects, e.g., those due to inertial cavitatipn,
thig reflects the fact that the responsible physical mechanism does not occur below a particylar
exposure Tevel. For other effects, e.g., those due o increased temperature, this can reflect the
difficulty of observing a small increase in the rate of occurrence of rare events. In order for an
apparent threshold of this type to be exceeded, a biological effect shall occur frequently enough
for an observer to be aware of having "observed" an effect. A temperature rise from 37 °C to
40 °C for quite a long time may be deemed sub-threshold because it produces too low an
increased incidence to be observed, whereas a temperature rise to 42 °C for any duration may
not be acceptable, i.e., it may produce an observable effect. An appropriate guide to the user
would be that although there may be a biological effect, not all biological effects result in a
hazard. Healthy human cells are obviously able to survive small temperature rises. Apart from
the fact that the science evaluating the hazard is incomplete at the moment, there is enough
evidence about thermal teratology, exposure levels, and temperature rise to carry out a basic
risk analysis.
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A prudent starting-point for each examination would be first to set the machine for the lowest
index setting and then modify from this level until a satisfactory image or Doppler signal is
obtained, keeping track of the T/ and MI;, and second, the exposure time, during one
examination, should be kept as short as possible. A safety guideline on this should be

included [19].
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Example set-up to measure surface temperature
of externally applied TRANSDUCER ASSEMBLIES

DD.1 General
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Basically, the set-up consists of a piece of soft tissue mimicking material (TMM)~covered b
slap of silicone rubber on which a (thin film) thermocouple is placed (see Figure DD.1). T
TMM is placed on a piece of material that absorbs all acoustic energy.

o mantanracant
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at least 10 different transducers, the surface temperatures of the transducers as measu
when radiating into human under-arms were compared with the set-up described.

2].
Ffed

y a
'he

The¢ properties of the materials used will be those of silicon and TMM as‘listed in Table DD |1:
Table DD.1 — Acoustic and thermal properties of tissues and materials
Tlissue/ Velocity Density | Attenuation Acoustic Spec. Thermal Thermal Source
njaterial coefficient | impedance Heat Conductivity | Diffusivity
capacity.
c P a z C. K D
m/s kg/m3 dB/cm-MHz | 106 kg/mz-s U/kg-K W/ kg-K 10 m2/s

Skip 1615 1090 2,3t0 4,7 1,76 3430 0,335 0,09 ICRU rep. 61,

1998 [1]
3,5

Chivers 1978 [$3]

Soft tissue 1575 1055 0,6 to 2,24 @ 1,66 3 550 0,525 0,150 ICRU rep. 61.
1998 [1]

Soft tissue 1465 985 0,4 1,44 3000 0,350 0,135 ICRU rep. 61,

fattly 1998 [1]

Cottical 3635 1920 14.to 22 6,98 1300 0,3 t0 0,79 0,32 ICRU rep. 61,

boreP 1998 [1]

Silipone 1021 1243 1,8¢ 1,3 0,25 TNO / Dow
Corning[32]

TMM 1540 050 0,5¢ 1,6 3 800 0,58 0,15 TNO (Soft Tisspe
Model)

Frequency dependence: .2,

¢ | Deterniified at 3 MHz.

Wide uncertainty has been reported in bone properties [34].
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DD.2 Preparation of the soft tissue mimicking material (TMM)

A mixture is made from the materials provided in Table DD.2 (weight % pure components).

Table DD.2 — Weight % pure components

Th

Recipe to prepare the soft tissue mimicking material and the set-up
1) Mix all components listed in the table and degas at laboratory temperature.
2) Heat, while stirring, until 90 °C

3) Cool the substance, while stirring as long-as the viscosity allows, until about 47 °C,

4) Pour the substance quickly in a.mould and let it further cool down while the moulg

5) The TMM is now ready foruse. To prepare the total measurements set-up, the TI

6) A (thin film)thermocouple shall be placed on top of the silicone rubber layer.
7) Finally the‘transducer under test shall be placed, coupled with acoustic coupling gel

Maintemance

(18

Component Weight %
Glycerol 11,21
Water 82,95
Benzalkonium chloride 0,47
Silicon Carbide (SiC (-400 mesh)) 0,53
Aluminium Oxide (Al,O4 (0,3 pm)) 0,88
Aluminium Oxide (Al,O, (3 pm)) 0,94
Agar 3,02
Sum 100,00

To avoid evaporation and hence a change in components ratio, the substance should
covered during this process.

To avoid evaporation and hence a change'in components ratio, the substance should
covered during this process.

covered.

should be covered with_a slab of silicone rubber with a thickness of 1,5 mm. Take ¢
that there is no air between the TMM and the silicon rubber. (This will result in ab
equal measurement sesults as when using human under-arms). Although Figure D
shows a set-up, for a flat transducer surface, a curved surface is easily obtained
cutting the curvature in the TMM.

be

be

material should be stored in a closed container under normal laboratory conditi

ns

Cuo 25 °C). While stored, keep the material in a water/glycerol mixture to prevent it from

dry

and 11,9 % (weight) glycerol (purity >99 %).

INg out and 1o avold alr contact. Ihis miXture contains ¢o,1T 7 (weight) demineralised water

The shelf life of the material if it is preserved without air contact is at least one year. The addition
of a 0,5 % (weight) solution of benzalkonium chloride acts as an antifungal agent extending the
life of the phantom. With produced samples shelf lives over 2 years were found.
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Key

a h O N

| JLTRASONIC TRANSDUCER under test, coupled to the test object using acoustic_coupling gel
Thermal sensor, e.g. thin film thermocouple

Silicone rubber, thickness: 1,5 mm

Soft tissue mimicking material (TMM)

Acoustic absorber

Figure DD.1 — Set-up of an example test object to measure the surface temperature
of externally applied transducers
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Annex EE
(informative)

Acoustic output table intended for third parties

Table EE.1 provides an example acoustic output table to allow 3'd parties to recalculate the T/
and MI values for each operating mode, including the contributions from each mode in
COMBINED-OPERATING MODES.

Th
MO

Th
bel

rel

NO

NO

COMBINED-OPERATING MODE (like B+D+CFM).

NO

surface" is equal to "TIS at surface", not T/C.

‘Index component values' for Ml and [/C are the index values Tor each DISCRETE-OPERAT
E comprising the operating mode.

'index component values' for T/IS and TI/IB are the values of the 'at-surface' @

w-surface' T/ formulations for each DISCRETE-OPERATING MODE comprising‘thée operaﬂing
mode. "v" indicates cells where to enter one or more numerical values. The equipment set

ted to the index is entered in the operating control section.

[E 1 See Annex AA for descriptions of "maximum index value' and 'index component values'.

[E 2 An operating mode can be interpreted to be any DISCRETE-OPERATING'MODE (like B, M) as well as

[E 3 According to 201.3.201, the bone tissue is located deeper pasition in the T/IB model. Therefore "TI

NG

nd

ing

B at
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILS ELECTROMEDICAUX -

Partie 2-37: Exigences particulieres pour la sécurité de base
et les performances essentielles des appareils de diagnostic

et de survelllance medicaux a ultrasons

AVANT-PROPOS

He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'IEC). L'IEC-a pour obje
avoriser la coopération internationale pour toutes les questions de normalisation dans’les domaines
'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes internation

(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiéena des comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut\ participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avee 'JEC, participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationale (de~Normalisation (ISO), selon
conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'lEC concernant les questions téechniques représentent, dans la mesurg
bossible, un accord international sur les sujets étudiés, étant donné quée les Comités nationaux de I'lEC intéreq
sont représentés dans chaque comité d’études.

| es Publications de I'lEC se présentent sous la forme de-reécommandations internationales et sont agrég
comme telles par les Comités nationaux de I'lEC. Tous Jes\efforts raisonnables sont entrepris afin que I
5'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsablé
'éventuelle mauvaise utilisation ou interprétation qui,en‘est faite par un quelconque utilisateur final.

PDans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tout
mesure possible, a appliquer de fagon transparente’les Publications de I'lEC dans leurs publications nation
et régionales. Toutes divergences entre toutes’ Publications de I'lEC et toutes publications nationales
Fégionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
ournissent des services d'évaluatiopnde conformité et, dans certains secteurs, accédent aux marque
conformité de I'IEC. L’IEC n'est respehsable d'aucun des services effectués par les organismes de certific
ndépendants.

Tous les utilisateurs doivent/S'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai

compris ses expertsparticuliers et les membres de ses comités d'études et des Comités nationaux de Il
pour tout préjudice ¢ausé en cas de dommages corporels et matériels, ou de tout autre dommage de quel
hature que ce soit/(dirécte ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépen
Hécoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de Il
bu au crédit guittui est accordé.

| 'attentiod est attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
Féférencees est obligatoire pour une application correcte de la présente publication.

| 'attention est attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'obje]

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compdsée

de
de
les,

Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et|des
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du
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nts
de
ion
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Hroits” de brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a la portée de ces droits

its
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de brevets, qui pourraient étre exigés pour la mise en ceuvre du présent document. Toutefois, il est rappelé

aux

responsables de cette mise en ceuvre qu’il ne s’agit peut-étre pas des informations les plus récentes, qui peuvent

étre obtenues dans la base de données disponible a I’adresse https://patents.iec.ch. L’IEC ne saurait étre te
pour responsable de ne pas avoir identifié de tels droits de brevets.

nue

L'IEC 60601-2-37 a éte établie par le sous-comité 62B: Appareils d'imagerie médicale, logiciels
et systémes, du comité d’études 62: Equipement médical, logiciels et systémes médicaux. Il
s’agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2007,
I’Amendement 1:2015. Cette édition constitue une révision technique.

et
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)

c)

Le

Le

abouti a son approbation.

La

Ce

modifications techniques et rédactionnelles, qui résultent de la norme générale amendée
IEC 60601-1:2005, IEC 60601-1:2005/AMD1:2012 et IEC 60601-1:2005/AMD2:2020 et de
ses normes collatérales IEC 60601-1-xx ;

modifications techniques et rédactionnelles qui résultent de la maintenance des références
normatives ;

modifications techniques et rédactionnelles qui résultent des évolutions correspondantes
des normes du CE 87 Ultrasons. En particulier, I'Article 201.11 concernant la protection
contre les températures excessives et les autres dangers a été entiérement révisé.

texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
62B/1318/CDV 62B/1348/RVC

rapport de vote indiqué dans le tableau ci-dessus donne toute infermation sur le vote aypnt

langue employée pour I'élaboration de cette Norme interndtionale est I’anglais.

document a été rédigé selon les directives ISO/IEC,Bartie 2, il a été développé selon |les

dir¢ctives ISO/IEC, Partie 1 et les directives ISO/IEC, Supplément IEC, disponibles s¢us
www.iec.ch/members_experts/refdocs. Les principaux types de documents développés par

I'EJC sont décrits plus en détail sous www.iec.ch/ptblications.

Da

Co

s le présent document, les caractéres d’imprimerie suivants sont utilisés:
exigences et définitions: caracteres romains.
modalités d’essais: caracteres italiques.

indications de nature informative ,quj figurent hors des tableaux, comme les notes, les exemples et|les
références: petits caractéres romains. Le texte normatif figurant dans les tableaux est également en pgtits
caractéres.

les TERMES DEFINIS A L’ARTICLE 3 DE L’'IEC 60601-1:2005, I'|EC 60601-1:2005/AMD1:2012 et
'IEC 60601-1:2005/AMD2:2020, DANS LE PRESENT DOCUMENT OU COMME NOTES: PETITES
MAJUSCULES.

hcernant la structure du présent document, le terme

"article! désigne l'une des dix-sept sections numérotées dans la table des matieres, ayec
toutes:ses subdivisions (par exemple, I’Article 7 inclut les paragraphes 7.1, 7.2, etc.);

"paragraphe" désigne une subdivision numérotée d’un article (par exemple, 7.1, 7.2 et 7.R.1

caont tonc dAac naraaranhnane annartanant A PArtinla 7Y
SO tOus G o pParagrapricosapparterartta T/ racre— =

Les références a des articles dans le présent document sont précédées du mot "Article" suivi

du
util

numéro de l'article concerné. Dans le présent document, les références aux paragraphes
isent uniqguement le numéro du paragraphe concerné.

Dans le présent document, la conjonction "ou" est utilisée avec la valeur d'un "ou inclusif", ainsi

un

énoncé est vrai si une combinaison des conditions, quelle qu'elle soit, est vraie.
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Les formes verbales utilisées dans le présent document sont conformes a I'usage donné a
I’Article 7 des directives ISO/IEC, Partie 2. Pour les besoins du présent document:

Lor

titr

"devoir" mis au présent de I'indicatif signifie que la satisfaction a une exigence ou a un essai

est impérative pour la conformité au présent document;

"il convient/il est recommandé” signifie que la satisfaction a une exigence ou a un essai
recommandée mais n’est pas obligatoire pour la conformité au présent document;

"pouvoir" mis au présent de l'indicatif est utilisé pour décrire un moyen admissible p
satisfaire a une exigence ou a un essai.

est

our

p d'alinéa ou de tableau, il indique I'existence de recommandations ou de justification

cornsulter a ’'Annexe AA.

Un
éle

Le
ind

ctromédicaux, se trouve sur le site web de I'l[EC.

recherché. A cette date, le document sera

reconduit,
supprimeé, ou

révisé.

squ un asterisque () est utilise comme premier caractere devant un titre ou au debut\dfun

UJ
Q-

b liste de toutes les parties de la série IEC 60601, publiées sous le titre géneral: Appareils

comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabiflité
jquée sur le site web de I'|EC sous webstore.iec.ch dans les données- relatives au documgnt

PORTANT - Le logo "colour inside™ qui.se trouve sur la page de couverture de

document indique qu'il contient des couleurs qui sont considérées comme utiles a u
bonne compréhension de son contenu. Les utilisateurs devraient, par conséque
imprimer ce document en utilisant-tthe imprimante couleur.

Ce
e
t,
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INTRODUCTION

Dans le présent document, les exigences de sécurité complémentaires a celles

de

I'EC 60601-1:2005, I'lEC 60601-1:2005/AMD1:2012, et I'IEC 60601-1:2005/AMD2:2020 sont

spécifiées pour les APPAREILS DE DIAGNOSTIC A ULTRASONS.

Des recommandations générales et des justifications relatives aux exigences du présent

document sont données a I’Annexe AA.

déyeloppements technologiques.

L'approche et la philosophie de rédaction du présent document relatif a la sécurité pour
APRAREILS DE DIAGNOSTIC A ULTRASONS sont cohérentes avec celles des normes de la sé
IEQ 60601-2, qui s'appliquent a d'autres modalités de diagnostic, telles, gue les appareil
rayonnement X et les systémes a résonance magnétique.

Daps chacun des cas, il est prévu que la norme de sécurité exige ane complexité croissante

appropriée, de fagon a obtenir I'information diagnostique nécessaire avec un minimum
risques pour le PATIENT.

de

CesS

Bre
de
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APPAREILS ELECTROMEDICAUX -

Partie 2-37: Exigences particulieres pour la sécurité de base
et les performances essentielles des appareils de diagnostic
et de surveillance médicaux a ultrasons

20t

L’Article 1 de I'IEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:20124 et
I'IEIC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:

201.1.1 *Domaine d’application

Remplacement:

Le présent document s’applique a la SECURITE DE BASE et aux PERFGRMANCES ESSENTIELLES ¢les
APRAREILS DE DIAGNOSTIC A ULTRASONS comme cela est défini en-201.3.217, désignés ci-apfes
soys le terme APPAREILS EM.

Si pn article ou un paragraphe est destiné spécifiquement a étre applicable uniquement aux
APRAREILS EM, ou uniquement aux SYSTEMES EM, le titre ‘et le contenu de cet article ou de|ce
panagraphe l'indiquent. Si cela n’est pas le cas, I'arficle ou le paragraphe s’applique a la fois
aux APPAREILS EM et aux SYSTEMES EM, selon le cas.

Leg DANGERS inhérents a la fonction physiolpgique prévue de I'APPAREIL EM ou du SYSTEME|EM
dans le cadre du domaine d'application dU~présent document ne sont pas couverts par dles
exigences spécifiques contenues dans lg présent document, a I'exception du 201.7.2.13.

Le |présent document ne couvre pas les appareils thérapeutiques a ultrasons. Les appargils
utiljsés pour réaliser I'imagerie “ou le diagnostic de structures du corps par ultrasons,|en
asgociation avec une autre procédure médicale, sont couverts.

201.1.2 Objet

Remplacement:

L'opjet du présent document est d’établir les exigences particuliéres pour la SECURITE DE BASE
et les PERFORMANCES ESSENTIELLES des APPAREILS DE DIAGNOSTIC A ULTRASONS comme définlies
en [201.3<247.

20113 Normes collatérales
Addition:

Le présent document se réfere aux normes collatérales applicables qui sont énumérées a
I’Article 2 de I'IEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012 et
I'IEC 60601-1:2005/AMD2:2020 et a I’Article 201.2 du présent document.

L'IEC 60601-1-2:2014, I'lEC 60601-1-2:2014/AMD1:2020, I'IEC 60601-1-12:2014 et
I'IEC 60601-1-12:2014/AMD1:2020 s’appliquent telles qu’elles sont modifiées a I’Article 202 et
a I'Article 212 respectivement. Toutes les autres normes collatérales publiées dans la série
IEC 60601-1 s’appliquent telles qu’elles sont publiées.
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201.1.4 Normes particuliéres

Remplacement:

Dans la série IEC 60601, des normes particuliéres peuvent modifier, remplacer ou supprimer
des exigences contenues dans [I'lEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012 et
I'lEC 60601-1:2005/AMD2:2020 en fonction de ce qui est approprié a I'APPAREIL EM a I'étude et
elles peuvent ajouter d’autres exigences de SECURITE DE BASE et de PERFORMANCES
ESSENTIELLES.

Un- de

de| I'IEC 60601-1:2005, I'lEC 60601-1:2005/AMD1:2012 et I'lEC 60601-1:2005/AMD2:2()20
avégc le préfixe "201" (par exemple, 201.1 dans le présent document traite du contenu|de
I’Anticle 1 de I'IEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012 et
I'lElC 60601-1:2005/AMD2:2020) ou de la norme collatérale applicable avec Te préfixe "20x"|ou
t (sont) le (les) dernier(s) chiffre(s) du numéro de document de la . norme collatérale (par
ex¢mple, 202.6 dans le présent document traite du contenu de. JVArticle 6 de la norfme
collatérale IEC 60601-1-2 et 203.4 dans le présent document traité 'du contenu de I’Article 4|de
la norme collatérale IEC 60601-1-3, etc.). Les modifications apportées au texte de I'lEC 606P1-
:20005, I'EC 60601-1:2005/AMD1:2012 et I'lEC 60601-1:2006/AMD2:2020 sont précisées|en
utiljsant les termes suivants:

"Remplacement" signifie que [I'article ou le~<paragraphe de [I'IEC 60601-1:20p5,
I'lElC 60601-1:2005/AMD1:2012 et I'l[EC 60601-1:2005/AMD2:2020 ou de la norme collatérale
applicable est remplacé complétement par le texte du présent document.

"Addition" signifie que le texte du présent document vient s’ajouter aux exigences |de
I'IEIC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012 et I'lEC 60601-1:2005/AMD2:2020 ou|de
la porme collatérale applicable.

"Amendement" signifie que x\Particle ou le paragraphe de [I'IEC 60601-1:20p5,
I'IEIC 60601-1:2005/AMD1:2012-et I'lEC 60601-1:2005/AMD2:2020 ou de la norme collatérale
applicable est modifié comme.cela est indiqué dans le présent document.

Leg paragraphes, les figures ou les tableaux qui sont ajoutés a ceux de la norme générale spnt
numérotés a partir.de) 201.101. Toutefois, en raison du fait que les définitions dans la nofme
générale sont numérotées 3.1 a 3.154, les définitions complémentaires dans le présgent
dog¢ument sont:numérotées a partir de 201.3.201. Les annexes supplémentaires sont notg¢es
AA|] BB, etc., ét'les alinéas supplémentaires aa), bb), etc.

Leg patagraphes ou figures qui s’ajoutent a ceux d’'une norme collatérale sont numérotég a
"x" est le numéro de la norme collatérale, par exemple, 202 pour I'lEC 606D1-

parnticde 20x, ou
1-2’|,_203‘p'0'UT‘r‘TEL, 6060 1T-1-3, €tc.

L’expression "le présent document" est utilisée pour se référer a I'lEC 60601-1:2005,
I'lEC 60601-1:2005/AMD1:2012 et I'lEC 60601-1:2005/AMD2:2020, a toutes les normes
collatérales applicables et au présent document, examinés ensemble.

Lorsque le présent document ne comprend pas de section, d’article ou de paragraphe
correspondant, la section, [larticle ou le paragraphe de [I'IEC 60601-1:2005,
I'IEC 60601-1:2005/AMD1:2012 et I'IEC 60601-1:2005/AMD2:2020 ou de la norme collatérale
applicable, bien qu’il puisse étre sans objet, s’applique sans modification; lorsqu’il est demandé
gu’'une partie quelconque de [I'IEC 60601-1:2005, [I'IEC 60601-1:2005/AMD1:2012 et
I'IEC 60601-1:2005/AMD2:2020 ou de la norme collatérale applicable, bien que potentiellement
pertinente, ne s’applique pas, cela est expressément mentionné dans le présent document.
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201.2 Références normatives

L’Article 2 de I'IEC 60601-1:2005, I'lEC 60601-1:2005/AMD1:2012, et
I'lEC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:

Addition:

IEC 60601-1:2005, Appareils électromédicaux — Partie 1: Exigences générales pour la sécurité
de base et les performances essentielles
IEC_60601-1:2005/AMD1:2012

IEG 60601-1:2005/AMD2:2020

IEQ 60601-1-12:2014, Appareils électromédicaux — Partie 1-12: Exigences générales pouf la
ségurité de base et les performances essentielles — Norme collatérale: Exigences pour |les
appareils électromédicaux et les systemes électromédicaux destinés a étre -utilisés dans
I'environnement des services médicaux d'urgence
IE¢G 60601-1-12:2014/AMD1:2020

IEQ 60601-2-18:2009, Appareils électromédicaux — Partie 2-18: Exigénces particulieres pouf la
séqurité de base et les performances essentielles des appareils d'endoscopie

IEQ 62127-1:2022, Ultrasons — Hydrophones — Partie 1: /MeSurage et caractérisation {les
champs ultrasoniques médicaux

IEQ 62359:2010, Ultrasons - Caractérisation du~champ — Méthodes d'essai pour| la
défermination d'indices thermique et mécaniqué/des champs d'ultrasons utilisés poun le
diagnostic médical

IEG 62359:2010/AMD1:2017

CI$PR 11:2024, Appareils industriels,\ stientifiques et médicaux — Caractéristiques |de
pefturbations radioélectriques — Limites et méthodes de mesure

201.3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60601-1:2005,
I'IHC 60601-1:2005/AMD"1.:2012 et I'|EC 60601-1:2005/AMD2:2020 et de I'l[EC 62359 ainsi que
les|suivants s'appliquent:

L'I$O et I'IEC tiénnent a jour des bases de données terminologiques destinées a étre utilis¢es
en [normalisation, consultables aux adresses suivantes:

o |IEC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |[ISO,Online browsing platform: disponible a I'adresse https://www.iso.org/obp

NOTE 1 Un index des termes définis est donné aprés la Bibliographie.

NOTE 2 Une liste des symboles utilisés dans le présent document est donnée dans le Tableau 201.101.


https://www.electropedia.org/
https://www.iso.org/obp
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Addition:

201.3.201

IND

ICE THERMIQUE OSSEUX

TIB
INDICE THERMIQUE pour des applications dans lesquelles le faisceau ultrasonore traverse des
tissus mous et ou une région focale se trouve a proximité d’un os, telles que les applications
foetales (second et troisiéme trimestres)

Unité: Aucune

[SC
ont

201
MO
mo|
MO

DURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.17, modifié — Les notes d’orig
été supprimées.]

.3.202

DE DE FONCTIONNEMENT COMBINE

de de fonctionnement d'un APPAREIL DE DIAGNOSTIC A ULTRASONS quirncombine plusie
DES DE FONCTIONNEMENT DISCRETS

201
IN
Tl

.3.203
CE THERMIQUE CRANIEN

IND|CE THERMIQUE pour des applications au cours desquell€s te faisceau d'ultrasons trave
I'og situé a proximité de I'entrée du faisceau dans le corps;-telles que des examens cranig¢ns

pé
Un

[SC
ont

201
co

iatriques et chez I'adulte ou des applications céphaliques néonatales

té: Aucune

DURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.21, modifié — Les notes d’orig
été supprimées.]

.3.204
NFIGURATION PAR DEFAUT

état de contréle spécifique dansilequel se trouve un APPAREIL DE DIAGNOSTIC A ULTRASONS |

de

non feetales a des applications’foetales

201
MO
mo|
TRA
buft

201

.3.205

DE DE FONCTIONNEMENT DISCRET

de de fonctiohnement d’'un APPAREIL DE DIAGNOSTIC A ULTRASONS dont l'excitation
NSDUCTEUR.ULTRASONIQUE ou du groupe d’éléments TRANSDUCTEURS ULTRASONIQUES a p
d’utiliserunée seule méthodologie de diagnostic

.3,206

COMMANDE TOTALE PAR LOGICIEL DE L'EMISSION ACOUSTIQUE
mocemmuaﬁjwmﬁﬁ—w soNs—ger et due

ind

épendamment de la commande directe de 'OPERATEUR

201.3.207

ENSEMBLE TRANSDUCTEUR INVASIF
transducteur qui, en totalité ou en partie, pénétre a l'intérieur du corps, a travers un orifice
corporel ou a travers la surface du corps

ine

Urs

'se

ine

ors

sa mise en marche, de laséélection d’'un nouveau PATIENT ou du passage d’applicatipns

du
bur
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201.3.208

IND

ICE MECANIQUE

indicateur du risque d'effets biologiques dus a des mécanismes mécaniques ou non thermiques,
comme la cavitation

Symbole: MI

Unité: Aucune

Note 1 a l'article: Voir I'lEC 62359 pour les méthodes de détermination de I'INDICE MECANIQUE.

201.3.209
APRAREIL DE DIAGNOSTIC A ULTRASONS D'USAGE GENERAL
APRAREIL DE DIAGNOSTIC A ULTRASONS prévu pour plusieurs applications cliniques

201.3.210

MOPE NON EXPLORATEUR
mojde de fonctionnement d’un APPAREIL DE DIAGNOSTIC A ULTRASONS qui implique une séquence
d'impulsions ultrasoniques donnant lieu a des lignes d'exploration ultrasonique qui suiven

me|

201
DE(
affi
nég

[Sq

201
MO
mo
d'in

e parcours acoustique

.3.211

CLARATION D'UTILISATION PRUDENTE

rmation du principe selon lequel il convient d’acquérir.uniquement les données cliniq
essaires et il convient d’éviter les niveaux élevés d’exposition et les expositions prolong

DURCE: IEC 62359:2010 et IEC 62359:2010/AMD112017, 3.40]

.3.212
DE EXPLORATEUR

npulsions ultrasoniques donnant lieusa des lignes d'exploration qui ne suivent pas le mé

pafcours acoustique

201

.3.213

INDICE THERMIQUE DES TISSUS.MOUS

TIS
IND|

Un
[SC

201

ICE THERMIQUE relatif aux tissus mous

té: Aucune
DURCE: IE€62359:2010, 3.52, modifié — Les notes d’origine ont été supprimées.]

.3.214

IN
Tl

CE_THERMIQUE

le

es
es

de de fonctionnement d'un APPAREIL DEXRIAGNOSTIC A ULTRASONS qui implique une séquence

me

indicateur du risque d'effet biologique di a des mécanismes thermiques, exprimé comme le
rapport de la PUISSANCE D'EMISSION ATTENUEE en un point spécifié et de la PUISSANCE D'EMISSION
ATTENUEE exigée pour élever la température de 1 °C en ce point dans un modéle de tissu
spécifique

Unité: Aucune

Note 1 a I'article: L'abréviation "TI" est dérivée du terme anglais développé correspondant "thermal index".

[SOURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.56, modifié — Addition
« indicateur du risque d'effet biologique di a des mécanismes thermiques, exprimé comme le »,

etl

a note d’origine a été supprimée.]

de
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201.3.215

ENSEMBLE TRANSDUCTEUR

parties de I'APPAREIL DE DIAGNOSTIC A ULTRASONS comprenant le TRANSDUCTEUR ULTRASONIQUE
et le GROUPE D'ELEMENTS TRANSDUCTEURS ULTRASONIQUES, ou les deux, associés aux
composants intégrés tels que la lentille acoustique ou I'isolant intégré

Note 1 a I'article: L’ENSEMBLE TRANSDUCTEUR est généralement séparé de la console de l'appareil a ultrasons.

[SOURCE: IEC 62359:2010 et IEC 62359:2010AMD1:2017, 3.57, modifié — "appareil de
diagnostic médical a ultrasons”, "transducteur a ultrasons" et "groupe d’éléments transducteurs
) n A A A n n n =Ak . UR

PROFIL DE TRANSMISSION

combinaison d'un ensemble spécifique de caractéristiques du transducteur @yant trait 4 la
formation du faisceau (déterminée par la taille d'ouverture de transmission, la forme
d'apodisation et le profil relatif de synchronisation/déphasage sur la,zone d’ouvertyre,
prgduisant une longueur et un sens focaux spécifiques) avec un type d'onde d'entrainemgnt
électrique présentant une forme fixe spécifique mais une amplitude variable

[SOQURCE: IEC 62359:2010, 3.58]

201.3.217
APRAREIL DE DIAGNOSTIC A ULTRASONS
APRAREIL ELECTROMEDICAL destiné a des examens ulirasoniques meédicaux

201.3.218

TRANSDUCTEUR ULTRASONIQUE
appareil qui permet de convertir I'énergie_glectrique en énergie mécanique dans la plage|de
fréqiuences ultrasonores et, réciproquement, I'énergie mécanique en énergie électrique

[SQURCE: IEC 62127-1:2022, 3.88]

201.3.219
INTENSITE ATTENUEE MOYENNE.DE L'IMPULSION
Ipa a
valpur de I'INTENSITEcAGOUSTIQUE MOYENNE DE L'IMPULSION aprés atténuation et a un pogint
spégcifique, et donnée)par
—aZfy,f/10dB

b (2) = g (2) 1007wt /1098) (1)
ou
a est le COEFFICIENT D'ATTENUATION ACOUSTIQUE tel qu’il est défini dans I'lEC 62359:2010,

définition 3.1;

z est la distance entre 'OUVERTURE DU TRANSDUCTEUR EXTERNE et le point concerné;

fawf  €st la FREQUENCE DE FONCTIONNEMENT ACOUSTIQUE telle qu’elle est définie dans
I'EC 62359:2010 et I'lEC 62359:2010/AMD1:2017, définition 3.4;

Ipa(z) est I'INTENSITE MOYENNE DE L'IMPULSION mesurée dans I'eau telle qu’elle est définie dans
I'"EC 62127-1:2022, 3.53.

Unité: W m—2
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201.3.220

NOMBRE D'IMPULSIONS PAR LIGNE D'EXPLORATION ULTRASONIQUE

Mpps

nombre d'impulsions acoustiques se propageant le long d'une LIGNE D'EXPLORATION
ULTRASONIQUE particuliére

Note 1 a I'article: Ici la LIGNE D'EXPLORATION ULTRASONIQUE se référe au parcours des impulsions acoustiques sur
un AXE D’ALIGNEMENT DU FAISCEAU particulier en modes EXPLORATEURS et NON EXPLORATEURS.

Note 2 a I'article: Ce nombre peut étre utilisé dans le calcul de toute valeur moyenne temporelle des ultrasons par
des mesures de I'HYDROPHONE.

Notg 3 a I'article: L'exemple suivant représente le NOMBRE D'IMPULSIONS PAR LIGNE D'EXPLORATION ULTRASONIQUE et
le NOMBRE DE LIGNES D'EXPLORATION ULTRASONIQUES (";" représente la fin de la salve):

12B4;1234,1234..n =1;n,=4

ps sl

1

=N

023344,11228844;..n  =2n,=4

1

=N

11222233334444;1111222233334444; ...npps=4;nsl=4

11P23344111222333444;11223344111222333444;...n,,,56'n, =4 (dans une salve]les

S
impplsions descendent a chaque ligne sans étre contigués).

Darls une salve, toutes les lignes d’exploration peuvent ne pas avoir la mémé valeur Npps: Par exemple: 122 3B 4;
12R 334;...avg Noos =1,5; max Npps = 2; ng = 4

[SOURCE: IEC 61157:2007/AMD1:2013, 3.45, modifié—"'Le quatrieme exemple dans la Note 3
a 'prticle a été corrigé.]

201.3.221
ENDOSCOPE A ULTRASONS
ENDOSCOPE comprenant des TRANSDUCTEURS-ULTRASONORES intégrés

201.3.222

ENDOSCOPE
insfrument médical comportant un’dispositif de visualisation, avec ou sans optique, introduit
dams une cavité du corps par e ouverture naturelle ou créée par voie chirurgicale a des fins
d’ekamen, de diagnostic ou'de thérapie

Notg 1 a l'article: Les ENDOSCOPES peuvent étre de type rigide, flexible ou a capsule, chaque type pouyant
conjporter des systémés\de prise de vues différents (par exemple au moyen de lentilles ou de captgurs
élegtroniques/a ultraspns) ainsi que des systémes de transmission d’images différents (par exemple optiques|(au
moyen de lentilles ou de faisceaux de fibres,) ou électriques/électroniques).

Notg 2 a l'article “"La Note 1 a I'article differe de la NOTE 1 de la définition 3.1 figurant dans I'lSO 8600-1 fafin
d'inglure lessendoscopes a "capsule"”.

[SOQUREE: IEC 60601-2-18:2009, 201.3.203]

201.3.223

PROFONDEUR POUR L’ INTEGRALE CRETE SUR L’ IMPULSION DE L’ INTENSITE
Zpiji
profondeur z de I’AXE DU FAISCEAU et au-dela de la PROFONDEUR DU POINT DE RUPTURE Zp, entre
I'ouverture du transducteur externe et le plan de I'INTEGRALE D’INTENSITE D’IMPULSION
MAXIMALE (pii) sous forme approximative a I'aide de I'INTEGRALE DE PRESSION D’IMPULSION AU
CARRE (ppsi)

[SOURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.24, modifié — Notes a l'article 1,
2 et 3 supprimées.]
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201.3.224

PROFONDEUR POUR L’ INTEGRALE CRETE SUR L’IMPULSION DE L’INTENSITE ATTENUEE
Zpii, a

profondeur z de I'’AXE DU FAISCEAU et au-dela de la PROFONDEUR DU POINT DE RUPTURE zp,, de
I'intégrale créte sur I''lMPULSION DE L'INTENSITE ATTENUEE

Unité: m

Note 1 a I'article: Les termes AXE DU FAISCEAU et PROFONDEUR DU POINT DE RUPTURE sont définis dans I'|EC 62359.

[S

rofondeur pour pii, maximale » remplacé par « profondeur pour l'intégrale créte

pulsion de l'intensité atténuée », Notes 1, 2 et 3 a l'article supprimée et additiond’
velle Note 1 a l'article. ]

201.3.225

PROFONDEUR POUR LA SOMME CRETE DES INTEGRALES SUR L’IMPULSION DE L’INFENSITE
K1
profondeur z de I’AXE DU FAISCEAU et au-dela de la PROFONDEUR DU POINT DE RUPTURE Zbp de
I’INFTEGRALE CRETE D'INTENSITE D'EXPLORATION

Un|té: m

Notg 1 a l'article: Les termes AXE DU FAISCEAU et PROFONDEUR DU POINT DE RUPTURE sont définis dans I'lEC 62359.

Notg 2 a l'article: L'indice "sii" indique l'intégrale d'intensité d'exploration (sii). L'indice sii des composants en MPDE
EXPLORATEUR un point particulier est déterminé a partir de Ja’somme sur une trame d'exploration compléte |des
INTHGRALES SUR L’'IMPULSION DE L’INTENSITE des LIGNES D'EXPLORATION ULTRASONIQUE constituant les composgnts
d'eqploration d'un mode combiné. Les composants en mode non explorateur sont exclus de cette somme. Voir
I'NEC 62359 et I'EC 62127-1 pour des informations plus ‘détaillées.

« profondeur pour maximale sii » remplacé par « profondeur pour la somme créte des intégrales
sull 'impulsion de l'intensité », Notes1, 2 et 3 a l'article supprimée et addition de nouvelles
Noies 1 et 2 a l'article.]

[SQURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.74, modifi& — Terme princ%pal

201.3.226
PROFONDEUR POUR LA SOMME CRETE DES INTEGRALES SUR L’IMPULSION DE L’INTENSITE ATTENUEE
Zsii o
profondeur z de 'AXE.DU FAISCEAU et au-dela de la PROFONDEUR DU POINT DE RUPTURE pr de
I'INFTEGRALE CRETE(D)INTENSITE D'EXPLORATION ATTENUEE

Unl[té: m

Notg 1 afarticle: Les termes AXE DU FAISCEAU et PROFONDEUR DU POINT DE RUPTURE sont définis dans I'|EC 62359.
Notg 2%&" I'article: L'indice "sii" indique I'"intégrale d'intensité d'exploration" qui désigne la somme a un ppint
partiCulier des INTEGRALES SUR L' TMPULSION DE L INTENSITE 0€S LIGNES D EXPLORATION ULTRASONIQUE constituant un
composant en MODE EXPLORATEUR Voir I'lEC 62359 et I'lEC 62127-1 pour plus de renseignements.

[SOURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.75, modifi€¢ — Terme principal
« profondeur pour maximale sii,» remplacé par « profondeur pour la somme créte des

intégrales sur I'impulsion de I'intensité atténuée», addition de « créte » dans la définition, Notes
1, 2 et 3 a I'article supprimée et addition de nouvelles Notes 1 et 2 a I'article.]
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201.3.227
PROFONDEUR POUR L'INDICE MECANIQUE

z
MI

profondeur de I'AXE DU FAISCEAU entre I'OUVERTURE DU TRANSDUCTEUR EXTERNE et le plan de
l'intégrale de PRESSION D’'IMPULSION AU CARRE ATTENUEE maximale (ppsi )

Unité: m

[SOURCE: IEC 62359:2010 et IEC 62359:2010/AMD1:2017, 3.23]

201.3.228

DECALAGE THERMIQUE
AT, ffset

différence entre a) la température de la PARTIE APPLIQUEE de I'ENSEMBLE TRANSDUCTEUR a I'¢tat
staple dans la configuration de mesure avant le début de la transmission et b)a’températpre
en [régime permanent au méme emplacement dans la configuration de mesure en I’absence|de
I'ENSEMBLE TRANSDUCTEUR

Notg 1 a I'article: La valeur du DECALAGE THERMIQUE peut étre positive, négative od nulle.

201.3.229
ULTRASON
vibfation acoustique dont la fréquence est supérieure a la limite supérieure des fréquences des
sorns audibles (environ 20 kHz)

[SOQURCE: IEC 60050-802:2011, 802-01-01]

Tableau 201.101 <.Liste de symboles

Symbole Terme Référence
AEprt = SURFACE DU FAISCEAU D’EMISSION—=12 dB IEC 62359
deq = DIAMETRE DE FAISCEAU EQUIVALENT IEC 62359
ol = FREQUENCE DE FONCTIONNEMENT ACOUSTIQUE IEC 62359
Ip “ = INTENSITE ATTENUEE.MOYENNE DE L'IMPULSION

pi = INTEGRALE SUR L’'IMPULSION DE L’ INTENSITE IEC 62359
i, = INTEGRALE )SUR L'IMPULSION DE L'INTENSITE ATTENUEE IEC 62359
Isrpa’a = INTENSITE ATTENUEE MOYENNE DE L'IMPULSION DE CRETE SPATIALE IEC 62359
sda = INTENSITE MOYENNE TEMPORELLE DE CRETE SPATIALE IEC 62359
/spta,a = INTENSITE ATTENUEE MOYENNE TEMPORELLE DE CRETE SPATIALE IEC 62359
Lo N2) = INTENSITE ATTENUEE MOYENNE TEMPORELLE IEC 62359
Mi = INDICE MECANIQUE IEC 62359
Nops = NOMBRE D’IMPULSIONS PAR LIGNE D’EXPLORATION ULTRASONIQUE IEC 61157
P = PUISSANCE D’EMISSION IEC 62359
P = PUISSANCE D’EMISSION RESTREINTE AU CARRE IEC 62359
P, = PUISSANCE D’'EMISSION ATTENUEE IEC 62359
Py g = PRESSION ACOUSTIQUE DE CRETE ATTENUEE IEC 62359
P, = PRESSION ACOUSTIQUE DE CRETE IEC 62359
prr = TAUX DE REPETITION DES IMPULSIONS IEC 62359
srr = REGIME DE REPETITION DES EXPLORATIONS IEC 62127-1
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Symbole Terme Référence

TI = INDICE THERMIQUE IEC 62359

TIB = INDICE THERMIQUE OSSEUX IEC 62359

TiC = INDICE THERMIQUE CRANIEN IEC 62359

TIS = INDICE THERMIQUE DES TISSUS MOUS IEC 62359

ty = DUREE D’IMPULSION IEC 62359

XY = DIMENSIONS DU FAISCEAU D’EMISSION —12 dB IEC 62359

z, = PROFONDEUR POUR |'INDICE THERMIQUE OSSEUX |IEC 62359

z,| = PROFONDEUR DU POINT DE RUPTURE IEC 62359

zf = PROFONDEUR POUR L'INTEGRALE CRETE SUR L'IMPULSION DE L'INTENSITE IEC 62359

z,} = PROFONDEUR POUR L’INDICE MECANIQUE IEC 62359

z), = PROFONDEUR POUR L'INTEGRALE CRETE SUR L'IMPULSION DE L'INTENSITE IEC 62359

' ATTENUEE
z | = PROFONDEUR POUR LA SOMME CRETE DES INTEGRALES SUR L’IMPULSION DE IEC 62359
L'INTENSITE
zf . = PROFONDEUR POUR LA SOMME CRETE DES INTEGRALES SUR L'IMPULSTON/DE IEC 62359
' L'INTENSITE ATTENUEE

zg = PROFONDEUR POUR LE TIS IEC 62359

AT ttset = DECALAGE THERMIQUE

ATy = échauffement provoqué par la transmission de |'ENSEMBLE TRANSDUCTEUR
2011.4 Exigences générales
L’ Article 4 de I''EC 60601-4:2005, I'lEC 60601-1:2005/AMD1:2012 et
I'IEIC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:
201.4.1 Conditions d’application aux APPAREILS EM ou SYSTEMES EM
Addition:
Un|ENDOSCOPE A ULFRASONS dans lequel les moyens d’imagerie sont limités aux ultrasons doit
étrg considéré comme un TRANSDUCTEUR ULTRASONORE et doit satisfaire aux exigences|du
prgdsent document.
NOTE 1 Ces) TRANSDUCTEURS ULTRASONORES comprennent par exemple les sondes transvagindles,

transcesophagiennes (TEE), rectales, laparoscopiques et autres sondes endocavitaires analogues.

Un

ENDOSCOPE A ULTRASONS équipé de moyens d’imagerie en plus des ultrasons doit égalem

Fnt

sa

STailre aux exigences du ZUT.1771.0.59 de I'EC 6UBUT-Z-To:ZUUY.

NOTE 2 Ces moyens d’imagerie additionnels incluent par exemple des moyens optiques et des dispositifs a
couplage de charge (CDD - charge-coupled device).

201.4.3 PERFORMANCE ESSENTIELLE

Paragraphe complémentaire:

201.4.3.101 Exigences complémentaires de PERFORMANCE ESSENTIELLE

Le Tableau 201.102 dresse la liste des sources potentielles de risque inacceptable identifiées
pour caractériser les PERFORMANCES ESSENTIELLES des APPAREILS DE DIAGNOSTIC A ULTRASONS
et des paragraphes qui contiennent les exigences.
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Tableau 201.102 - Exigences de performance essentielle inventoriées

TRIANSDUCTEURS prévus pour une utilisation intracorporelle.

Exigence Paragraphe

Absence de bruit sur une forme d'onde ou artefacts ou déformation dans une image ou erreur

d'une valeur numérique affichée qui ne peut pas étre attribuée a un effet physiologique et qui 202.8.1

peut altérer le diagnostic.

Absence d’affichage de valeurs numériques incorrectes associées au diagnostic a effectuer 2. 202.8.1
201.12.4.2

Absence d’affichage d’indications incorrectes liées a la sécurité.? 202.8.1
201.10.101

Allsence de production d’une sortie non intentionnelle ou excessive d’ultrasons. 02,8

Allsence de production d'une température de surface de ’'ENSEMBLE TRANSDUCTEUR 2(2.8'1

ndn intentionnelle ou excessive. T

Allsence de production d'un mouvement non intentionnel ou non contrdlé des ENSEMBLES 202.8 1

durant le transfert des données), ou le calcul lui-méme n’est pas correct.

a2 | "Incorrect" en ce sens que la valeur d’affichage est différente de ce qui est calculé (par-suite d’une altératipn

Daphs certaines circonstances, il convient d'évaluer la nécessité’ de répétition d'un exanpen
ultfasonore comme une SITUATION DANGEREUSE, par exemple, dans les cas d'investigafion

intnacorporelle et d'épreuve a I'effort pour des PATIENTS souffrant de maladies cardiaques.

201.5 Exigences générales relatives aux esSais des APPAREILS EM

L’Article 5 de I'lEC 60601-1:2005, I'EC 60601-1:2005/AMD1:2012 et

I'lEC 60601-1:2005/AMD2:2020 s’applique.

2011.6 Classification des APPAREILS EM et des SYSTEMES EM

L’Article 6 de I'EC 60601-1:2005, I''EC 60601-1:2005/AMD1:2012 et

I'lEC 60601-1:2005/AMD2:2020 s*applique.

201.7 Identification,-marquage et documentation des APPAREILS EM

L’Article 7 de I'lEC 60601-1:2005, I'lEC 60601-1:2005/AMD1:2012, et

I'IEIC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:

201.7.2.9 Classification IP

Addition:

Si Ta classificalion TPX spécifiée est applicable pour une pariie seulement de TENSEMBLE
TRANSDUCTEUR, le marquage du code IPX sur 'ENSEMBLE TRANSDUCTEUR n’est pas exigé.

201.7.2.13 *Effets physiologiques (SIGNAUX DE SECURITE et avertissements)

Addition:

Une description des moyens utilisés pour limiter a 43 °C au plus I’échauffement de surface des

ENSEMBLES TRANSDUCTEURS INVASIFS en CONDITION DE PREMIER DEFAUT doit
conformément aux exigences de I'Article 12.

étre fournie
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Paragraphe complémentaire:

201.7.2.101 *Emission acoustique

Pour les APPAREILS DE DIAGNOSTIC A ULTRASONS pouvant générer des niveaux de sortie auxquels
s’applique 201.12.4.2, et qui permettent a 'OPERATEUR de modifier directement les niveaux de
sortie, 'effet du réglage de la commande qui fait varier le niveau de sortie doit étre clair. Le
marquage doit étre sous la forme d’un affichage actif.

Un affichage de I'INDICE THERMIQUE et de I'INDICE MECANIQUE doit étre fourni conformément aux
exigences de I'Article 20T, T2, ainsi que la declaration de precision decrite a IArticte 20711

Un|affichage relatif aux niveaux de sortie ultrasonore (Article 201.12) doit étre claireméntvisible
a partir de la position de I'OPERATEUR, avec le ou les noms entiers ou l'abrévjation ou |les
abiléviations de l'indice ou des indices affichés.

201.7.9.2.2 *Avertissement et consignes de sécurité

Addition:

Polir les APPAREILS DE DIAGNOSTIC A ULTRASONS pouvant générer des’niveaux de sortie auxquels
s’applique I'Article 201.12, des informations doivent étre fourniés a I'OPERATEUR sur la méthgde
d’interprétation des parameétres d'exposition ultrasonore affichés, de I'INDICE THERMIQUE (T/) et
de ['INDICE MECANIQUE (M), selon les recommandations données a ’Annexe CC.

Leg procédures nécessaires a un fonctionnement gn toute sécurité doivent étre fournies, tout
en |attirant I'attention sur les dangers mettant en‘jeu la sécurité qui peuvent survenir du fait
d’'upe installation électrique inadéquate lorsque la PARTIE APPLIQUEE de I’APPAREIL |DE
DIAIGNOSTIC A ULTRASONS est une PARTIE APPLIQUEE DE TYPE B.

Des instructions sur l'utilisation slire des, ENSEMBLES TRANSDUCTEURS doivent étre fournies|et,
en [particulier, les instructions pour véfifier que ’APPAREIL DE DIAGNOSTIC A ULTRASONS est|du
type adapté pour l'application prévue. En ce qui concerne les ENSEMBLES TRANSDUCTEURS
degtinés a une utilisation intracorporelle, les instructions doivent comporter un avertissemgent
quil indique de ne pas activer ' 'ENSEMBLE TRANSDUCTEUR en dehors du corps du PATIENT Si
’ENSEMBLE TRANSDUCTEUR~ainsi activé n’est pas conforme aux exigences de confornité
électromagnétique, et peut ainsi provoquer des interférences nuisibles avec d'autres
éqliipements environnants. L’identification des interférences avec d’autres équipements ainsi
qué¢ des techniquesdéréduction doivent étre incluses dans les DOCUMENTS D’ACCOMPAGNEMENT
si yne réduction des niveaux d’essai est revendiquée par le FABRICANT.

Ung notification doit étre fournie si ’APPAREIL DE DIAGNOSTIC A ULTRASONS ou si des parties|de
celpi-ci sont’équipés de moyens de protection contre les brilures du PATIENT, lorsqu’ils spnt
utiljsés(ayec des appareils chirurgicaux a haute fréquence. Si aucun moyen de ce type n’est

integré, la notification doit figurer dans les DOCUMENTS D’ACCOMPAGNEMENT et des consgils
doitrem—eﬂe—huﬂfren—ce—mm—mnteme—kemﬁatemem—aﬂwﬁafm—deﬂw i i : "utitisati : BLE

TRANSDUCTEUR, pour réduire le danger de brilures en cas de défaillance de raccordement de
I’électrode neutre chirurgicale a haute fréquence.

Une DECLARATION D’UTILISATION PRUDENTE doit étre fournie pour les APPAREILS DE DIAGNOSTIC A
ULTRASONS pouvant générer des niveaux de sortie auxquels s’applique 201.12.4.2.

Les descriptions de tout affichage ou de tous moyens par lesquels I'OPERATEUR peut modifier
le fonctionnement de I'APPAREIL DE DIAGNOSTIC A ULTRASONS concernant la sortie ultrasonore
doivent étre fournies. Ces descriptions doivent étre données dans une section distincte.
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Une description de tout affichage ou de tous moyens par lesquels I'OPERATEUR peut modifier le
fonctionnement de I'APPAREIL DE DIAGNOSTIC A ULTRASONS concernant la température de surface
des ENSEMBLES TRANSDUCTEURS INVASIFS destinés a une utilisation transcesophagienne doit étre

fou

rnie.

Une description des parties de I'ENSEMBLE TRANSDUCTEUR qu’il est admis d’immerger dans I'eau
ou dans d'autres liquides, soit en UTILISATION NORMALE, soit dans un but d'évaluation de
performances, doit étre fournie.

Une recommandation qui attire I'attention de I'OPERATEUR sur la nécessité d'effectuer des essais

rég
de

De
acq

Les
DO
GE

Les
avg

Il c

a éfre insérées dans un PATIENT afin de vérifier 'absenee de surfaces rugueuses, d’arétes vi

ou

Etd
se(
d’in]

dams le DOSSIER DE GESTION DES RISQUES? Voir I'lEC 60601-1-11.

201

Re

Les

uliers et une maintenance periodique, dont un examen de 'ENSEMBLE TRANSDUCTEUR en
déceler les fissures qui laissent pénétrer du fluide conducteur, doit étre fournie.

5 instructions destinées a éviter des réglages de commande et des niveaux \d’émiss
ustique non intentionnels doivent étre fournies.

limites d’émission sélectionnées selon 201.12.4.5.1 doivent étre déclarées dans
CUMENTS D’ACCOMPAGNEMENT. Pour les APPAREILS DE DIAGNOSTIC A | ULTRASONS D’'USA
NERAL, les limites d’émission doivent étre déclarées pour chaque application.

sondes pour échographie transcesophagienne doivent étre\retirées du corps du PATI
nt I'utilisation d'un défibrillateur.

de protubérances non intentionnelles qui peuvent.étre préjudiciables.

nt donné que l'utilisation des APPAREILS DE'DIAGNOSTIC A ULTRASONS augmente dans

formations a ce type d’utilisateur. Il convient que le mode de transmission soit docume

.7.9.2.10 Messages

mplacement du premier alinéa:

instructions d'utilisation doivent énumérer tous les messages systeme, messages d'err

ue

ion

les
GE

ENT

pnvient de vérifier la surface extérieure des parties de" |'ENSEMBLE TRANSDUCTEUR desting¢es

es

le

teur des soins a domicile, il convient d'accorder une attention particuliére a la transmissjion

nté

eur

et messages de défautqui sont générés et sont visibles par 'OPERATEUR, sauf si ces messages

SOf

201
Ad

t compréhensibles par eux-mémes.

.7.9.2.12</Nettoyage, désinfection et stérilisation

ition:

ApF

daosieiama firat oSingitoe:
GCUOATCTTTCUT G ajouateT

une liste des parties, des composants et/ou des fonctions correspondants qu’il convient

de

vérifier aprés chaque cycle de nettoyage, de désinfection ou de stérilisation, ainsi que de la

ou des méthodes d’examen.

NOTE Cette liste de paramétres n'est ni exhaustive ni obligatoire.
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201.7.9.3 Description technique

Paragraphe complémentaire:

201.7.9.3.101 *Données techniques concernant les niveaux d'émission acoustique

Pour chaque mode, fournir la valeur maximale de chaque INDICE THERMIQUE et MECANIQUE. Ces
données doivent étre fournies suivant le Tableau 201.103 et énumérées dans les DOCUMENTS
D'ACCOMPAGNEMENT.

Leg

Le
cor

Po
cor
DO

égaux a 0,7 et que I'INDICE MECANIQUE est inférieur ou égal a 1,0 pour tous les réglages

dis
de

NO
TIS

NO
aing

NO
les

NO
conf

NO
et d
FON

vateurs umeriques doivent etremdiquees dans tes cettutes portanttesymbote—

réglage de l'appareil lié a chaque indice doit étre indiqué dans la section "conditions
hmande de fonctionnement" du Tableau 201.103.

Ir un ENSEMBLE TRANSDUCTEUR et un pupitre d’appareil a ultrasons qui satisfont a toutes
ditions d’exemption citées au 201.12.4.2 a) et c), les informations déclarées dans
CUMENTS D’ACCOMPAGNEMENT doivent indiquer que les INDICES THERMIQUES sont inférieurs

bositif. Si 201.12.4.2 b) et c) sont satisfaits en lieu et place des points a) et c), la val
0,7 pour les INDICES THERMIQUES dans cet énoncé doit étre remplacée par 1,0.

[E 1 Pour le Tableau 201.103, voir I'Annexe AA pour une descriptiondéela "Valeur maximale d’indice" et (j
et TIB) des "Valeurs des composants d’indice".

[E 2 Un mode de fonctionnement peut étre considéré comme{MODE DE FONCTIONNEMENT DISCRET (tel que B,
i qgue comme MODE DE FONCTIONNEMENT COMBINE (tel que B4£D%CFM).

[E 3 Conformémental'lEC 62359:2010 et a 'lEC 62359:2010/AMD1:2017, les valeurs z_ et z, sont saisies [
Mmodes (composant) non explorateurs.

[E 4 Selon 201.3.201, dans le modele TIB, letissu osseux est situé sous un tissu mou. Par conséquen
posant "TIB en surface" est égal au composant "T/S en surface", et non TIC.

[E 5 L'Annexe EE fournit un exemple de'tableau qui permet aux parties tierces de recalculer les valeurs d
e MI pour chaque mode de fonctionnement, y compris les contributions de chaque mode dans les MODE{
CTIONNEMENT COMBINES.

de

les
les
ou
de
Bur
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Tableau 201.103 — Tableau des relevés d’émission acoustique

MODE
mi TIS TIB TiC
Etiquette d'indice En Sous la En Sous la
surface | surface | surface | surface
Valeur maximale d’indice v v v v

Valeur des composants d’indice

P, @2z, (MPa)
F (mwW)
P (mW)

P4qrametres %s em)
acpustiques |z, (cm)
z,, (cm) v
Zia (cm) v
ot (MHz) v
prr (Hz) v
srr (Hz) v
Noos v
inff\rerr:;?isons foau 2 Zpia (Wiem®) !
Isptan @ Zpir o OU Zg; (mW/cm?) v
Ispta @ 2, 0U Z;; (mW/cm?) v
(MPa) v

Commande 1 D0
Chnditions Commande 2 X O‘S
de Commande 3 K\
e m?eande Commande 4 \O
fopctionne- {Commande 5 . (\{‘
ment (.\"'
Commande x,_ *

NOl1r'E 1 Uniquement L@)ndltlon de fonctionnement par indice.

NO
TI§ou au TIB.

E2 Les dor@g'{lour en surface" et "sous la surface" sont entrées a la fois dans les colonnes relativeq au

NO[TE 3 t pas nécessaire de fournir les informations concernant le T/C pour tout ENSEMBLE TRANSDUCT
nor| prévupour des utilisations transcraniennes ou céphaliques néonatales.

Lo

NOJr Q/ Si les eX|gences du 201.12.4.2 a) ou b) sont satisfaites, la saisie de données n’est pas exigée dans

FUR

les

| T
colormes—retatives—at II\J at—FHBot—at—HE-

NOTE 5 Siles exigences du 201.12.4.2 c) sont satisfaites, la saisie de données n’est pas exigée dans la colonne

relative au MI.

NOTE 6 Les profondeurs z .. et z s'appliquent aux MODES NON EXPLORATEURS, tandis que les profondeurs z_;

pii pii,a
etz s’appliquent aux MODES EXPLORATEURS.

sii,a
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201.8 Protection contre les DANGERS d'origine électrique provenant des

APPAREILS EM

L’Article 8 de I'IEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012 et
I'IEC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:

201.8.7.4.7 Mesure du COURANT DE FUITE PATIENT

Addition:

aa Pour les essais des ENSEMBLES TRANSDUCTEURS, la PARTIE APPLIQUEE doit étre immerdée

201
Ad

Po
uné

201
Ad

aa
207
Ajd

et,

201
Ad

Ce

dans une solution saline a 0,9 %.
.8.7.4.8 Mesure du COURANT AUXILIAIRE PATIENT

Dition:

b solution saline a 0,9 %.

.8.8.3 Tension de tenue
Dition:

Pour les essais des ENSEMBLES TRANSDUCTEURS, la~PARTIE APPLIQUEE doit étre immery
dans une solution saline a 0,9 %.

.8.9.3.4 Cycle thermique

ut, a la fin du premier alinéa:

pour les ensembles transducteurs a_ultrasons seulement, ot T, est

10 °C au-dessus de la température maximale admissible spécifiée dans les DOCUME
D’ACCOMPAGNEMENT pour le nettoyage, la désinfection, la stérilisation, I'utilisation norm
ou le stockage.

.8.10.4 Dispositifs de.commande TENUS A LA MAIN et pédales de commande
ition:

paragraphe.ne‘s'applique pas aux ENSEMBLES TRANSDUCTEURS A ULTRASONS.

ir les essais des ENSEMBLES TRANSDUCTEURS, la PARTIE APPLIQUEE doijt, étre immergée dans

jée

NTS
ale

2011.9 Protection contre les DANGERS MECANIQUES des APPAREILS EM et des
SYSTEMES EM

L’Article 9 de I'IEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012

I'IEC 60601-1:2005/AMD2:2020 s’applique.

et

201.10 Protection contre les DANGERS dus aux rayonnements involontaires ou

excessifs

L’Article 10 de I'lEC 60601-1:2005, I'IEC 60601-1:2005/AMD1:2012
I'lEC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:

et
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Paragraphe complémentaire:

201.10.101 *Energie ultrasonique

Le FABRICANT doit traiter des RISQUES associés a I'énergie ultrasonique dans le PROCESSUS DE
GESTION DES RISQUES tel qu’il est décrit dans le texte du présent document.

La vérification est effectuée par examen du DOSSIER DE GESTION DES RISQUES.

L'émission acoustique doit étre interrompue lorsque I'acquisition du signal est arrétée (c’est-a-
dire lorsque la caractéristique "gel" est activée).

2011.11 Protection contre les températures excessives et les autres DANGERS

L’Article 11 de I'IEC 60601-1:2005, I'lEC 60601-1:2005/AMD1:2012, et
I'IEC 60601-1:2005/AMD2:2020 s’applique, avec les exceptions suivantes:

201.11.1.2.2 *PARTIES APPLIQUEES non destinées a fournir de la chaleur a un PATIENT

Addition:

Leg ENSEMBLES TRANSDUCTEURS appliqués au PATIENT doivent.avoir une température de surface
au |contact du PATIENT qui ne dépasse pas 43 °C dans des"CONDITIONS NORMALES, lorsqu'¢lle
estimesurée dans les conditions d'essai du 201.11.1.3.101.1.

Les ENSEMBLES TRANSDUCTEURS appliqués au PATIENT doivent avoir une température de surface
au [contact du PATIENT qui ne dépasse pas 50 °C; lorsqu'elle est mesurée dans les conditipns
d'epsai du 201.11.1.3.101.2.

La |vérification est effectuée par le fonctionhement de I'APPAREIL DE DIAGNOSTIC A ULTRASONS et
pall des essais de température, comme,cela est décrit au 201.11.1.3.

NOTE La surface au contact du PATIENT.comprend tout élément de la PARTIE APPLIQUEE, et pas seulement la surface
de fayonnement, a I'exception toutefois-du cable.

201.11.1.3 *Mesures

Addlition:

Polr la partie appliquée de I'ENSEMBLE TRANSDUCTEUR, remplacer le troisiéme alinéa et le relste
du texte du paragraphe par ce qui suit:

La|conformité aux exigences du 11.1.1 et du 11.1.2 est vérifiée par examen du DOSSIER|DE
GE$TIONDES RISQUES.

201.11.1.3.101 Conditions d’essai
Pour les besoins de cet essai, un régime thermique permanent est considéré comme atteint

lorsque la vitesse de variation de la température est < 0,12 °C par minute pendant trois minutes
consécutives.

L’ENSEMBLE TRANSDUCTEUR doit étre soumis aux essais dans les conditions suivantes:

201.11.1.3.101.1 * Utilisation simulée

La PARTIE APPLIQUEE de I'ENSEMBLE TRANSDUCTEUR doit étre couplée de fagon acoustique — et
étre initialement en équilibre thermique — avec un objet d'essai, de maniere que les ultrasons
émis a partir de la surface active de I'ENSEMBLE TRANSDUCTEUR entrent dans cet objet d’essai.
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