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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

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

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization fo prising
all pational electrotechnical committees (IEC National Committees). The obje romote
intefnational co-operation on all questions concerning standardization in the ef{ectrical and iglds. To
this| end and in addition to other activities, the IEC publishes Internatiopal S btion is
entjusted to technical committees; any IEC National Committee intergsteth in\ the\ sub ect dea ith may
parficipate in this preparatory work. International, governmental and noR liaising
withl the IEC also participate in this preparation. The IEC ational
Orglanization for Standardization (ISO) in accordance with conditions determinedsby ag ben the
two|organizations.

2) The formal decisions or agreements of the IEC on technical matte nearly as possiple, an
intefnational consensus of opinion on the relevant subjects |si i mittee has represgntation
from all interested National Committees.

3) The documents produced have the form offecoqm i i al dse and are published in the form
of gtandards, technical specifications, i 3 ides and they are accepted by the National
Committees in that sense.

4) In grder to promote international unificatio ittees undertake to apply IEC Interpational
Stapdards transparently to the maximum| exte pOSS. Ie in their national and regional standards. Any
divgrgence between the IEC e Aational or regional standard shall be|clearly
indifated in the latter.

5) The IEC provides no macking indi i proval and cannot be rendered responsible [for any
equipment declared to b In

6) Attgntion is dra elements of this International Standard may be the[subject
of patent rights. P 4 ¢ sible for identifying any or all such patent rights.

Internptional Stafda S has been prepared by subcommittee 62B: Diagnostic

imaging equi Qnical committee 62: Electrical equipment in medical practice.

The tgx based on the following documents:

FDIS Report on voting
62B/428/FDIS 62B/440/RVD
Full information on the voling for the approval of this standard can be found In the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes AA and DD form an integral part of this Particular Standard.

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

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

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

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

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

regontirmed;
withdrawn;
replaced by a revised edition, or
amended.

@%
o
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INTRODUCTION

In this Particular Standard, safety requirements additional to those in the General Standard

are specified for ULTRASONIC DIAGNOSTIC EQUIPMENT.

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

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

cation
ed by

General guidance and rationale

The approach and philosophy used in drafting this particular
ULTRABONIC DIAGNOSTIC EQUIPMENT are consistent with those in{cu
IEC 60601-2 series that apply to other diagnostic modalities, 3

magnetic resonance systems.

In eag¢h case, the safety standard is intended to requjre_inh<
displaly indicators and/or controls with increasing epergy

diagnosis. Thus, for all such diagnostic modalities, (it i
undergtand the risk of the output of the equipmertt
the ndeded diagnostic information wit indf

thermpl and mechanical acoustic outgut indices. OR
repladed by an |IEC standard when ava'labl%

It shopld be noted that althoqughi UD-3

operating manufagture
has become a ;@
forms|only a part of F
Standprd which wilkb

The standardg surrent
at the|time of\revisied, of

NOTE | The riNCiple, re
in the next editign is\Parti

butput
eld of
[OR to
pbtain

lay of
vill be

ard, it
onally

j as it
1998

dered

tflected
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MEDICAL ELECTRICAL EQUIPMENT -
Part 2-37: Particular requirements for the safety
of ultrasonic medical diagnostic and monitoring equipment
SECTION ONE: GENERAL
The clauses and subclauses of this section of the General Standard apply except as foll
1 Sc¢ope and object
This dlause of the General Standard applies except as follows:
*1.1 [Scope
Additipn:
This Particular Standard specifies particular safet LTRASONIC DIAGN
EQUIPMENT as defined in 2.1.145.
This gtandard does not cover ultrasonic\hera 7 however, equipment usled for
the imaging of body structures by ulfrasound\n snction with therapeutic modali
covered.
1.2 OQbject
Replagement:
The object of this establish particular requirements for the sa
ULTRABONIC DIAGNQ those aspects thereof which are directly rela
safety|.
1.3 Particula
Additipn:
This Particular dard amends and supplements a set of IEC publications, here

referr¢d 1@ as the “General Standard”, consisting of

IEC 6

nafter

0601-1:1988, Medical electrical equipment — Part 1. General requirements for safe

its Amendments 1 (1991) and 2 (1995)

ty and

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

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

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


https://iecnorm.com/api/?name=f8210c343022a6466ecc2763cfcacaaa

-8- 60601-2-37 O IEC:2001(E)

“Replacement” means that the clause or subclause of the General Standard is replaced

compl

etely by the text of this Particular Standard.

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

“Amendment” means that the clause or subclause of the General Standard is amended as

indica

ted by the text of this Particular Standard.

Subclauses or flgures which are additional to those of the General Standard are numbered

starting

Claus
ration
the re

test rgquirements.

section,

Wherg it is intended that any part of the General S

to be

A req
Stand

require

1.3.10
IEC 6
IEC 6

IEC 6
the fre

IEC 6
diagn

IEC 6
25 MH
Amen

2 Termimod Fdefiniti

bs and subclauses to which there is a rationale are marked wit
hles can be found in an informative annex BB. Annex BB shou
evance of the requirements addressed, but should never be

lirement of this Particular Standa
ard or of a Collateral Standard

dment-5(199

, etc.

. [These

ining
itional

d, the

,lis not

eneral
eneral

nes in

edical

Hz to

This clause of the General Standard applies except as follows:

Additional definitions:

2.1.101

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

Symbol: a

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

ACOUSTIC WORKING FREQUENCY

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

Symbol: faws
Unit: megahertz, MHz

2.1.103

ATTENUATED OUTPUT POWER
value [of the acoustic OUTPUT POWER after attenuation and at a specifieg-distance frogm the
transqucer, and given by

Py = p10(-az fauwt/10)

wher¢

g the ACOUSTIC ATTENUATION COEFFICIENT in decibels ge

a

z g the distance from the source to the point of inte
fawf i the ACOUSTIC WORKING FREQUENCY in megahe

Pq
P igthe OUTPUT POWER in milliwatts™x
Symbol: P,

Unit: milliwatts, mW

g the ATTENUATED OUTPUT POWER i

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

10(-0(2 Sawt!20)

ON COEFFICIENT in decibels per centimetre per megahertz;

e source to the point of interest, in centimetres;
fawt IS the ACO ORKING FREQUENCY in megahertz;
pr(z) s the REAK-RAREFACTIONAL ACOUSTIC PRESSURE measured in water.

Symbpk pia

Unit: megapascals, MPa
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2.1.105

ATTENUATED PULSE-AVERAGE INTENSITY

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

_ (-az fawi!10)
Ipaa = Ipa(2)10 awt
where
a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels per centimetre per megahertz;
H Llo U H 4 £ 4o 4 Llo H s £ s - ' +
z 1o UITC UToldlTUT 1TTUTIT UITT SoUUTUT (U UTT PUIIIL vrirmcercot mr Lorriarmciu o,

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

Ipa(2) | is the PULSE-AVERAGE INTENSITY measured in water, in entmetre
squared.
Symbol: Ipa o

Unit: \vatts per centimetre squared, W cm—2

2.1.106
ATTENUATED PULSE-INTENSITY INTEGRAL

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

wheré

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

z s the distance from € irterest in centimetres;

fawf |Is the AcousTic ;

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

I s the PULSEZIX easured in water in millijoules per centmetre
squared.

2.1.107
ATTENUATED
value [of the-Sp2 PEAK TEMPORAL AVERAGE INTENSITY after attenuation and at a speécified
distance z;and givew'by

oo (07 fonr/10)
Izpta,a\Z) = IzptalZ) TU
where
a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels per centimetre per megahertz;
z is the distance from the source to the point of interest in centimetres;

Sawf is the ACOUSTIC WORKING FREQUENCY in megahertz;

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

Symbol: Ipta alz)
Unit: milliwatts per centimetre squared, mW cm-2
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2.1.108

ATTENUATED TEMPORAL-AVERAGE INTENSITY
value of the TEMPORAL-AVERAGE INTENSITY after attenuation and at a specified point, and given by

where
o

z

lig ¢ (2) = Ita(2) 10(-97 Jawt/10)

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

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

fawf
Ita,a(Z
Ita(2)

Symbol:

Unit: milliwatts per centimetre squared, mW cm-2

2.1.109

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

NOTE | For measurement purposes the PULSE
PRESSURE-

2.1.110

BEAM ALIGNMENT AXIS

straight
differgnt
the fatce

[3.5 of IEC 61102

2111

BONE FTHERMA

THERMA

is the ACOUSTIC WORKING FREQUENCY in megahertz;

is the ATTENUATED TEMPORAL-AVERAGE INTENSITY in milliwatts pe i ressquared;

is the TEMPORAL-AVERAGE INTENSITY measured in water in miliwat{s_ per’ cent
squared.

Ita,a(z)

MENT AXIS consisting of all po
ified fraction of the ma

SQUARED INTEGRAL

line joini
distanc@
of the ULTKA®

nts at
imum

P PULSE

everal
ted to

pnatal
tissue

NOTE See annex DD.4.2 and DD.5.2 for methods of determining the BONE THERMAL INDEX.

2.1.112

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

Symbol:

Py

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

pr = 1,5 Deq

where

Deq is the EQUIVALENT APERTURE DIAMETER.
Symbol: zp,

Unit: centimetres, cm

2.1.114
COMBINED-OPERATING MODE

mode [of operation of an EQUIPMENT which combines more than oneDI$
[3.6 of IEC 61157]

2]

OPE G MODE

2.1.115
CRANIAL-BONE THERMAL INDEX
THERMAL INDEX for applications, such as paediatric and-adu
ultraspund beam passes through bone near the beary

Symbel: TIC
Unit: None

ons, in whigch the

NOTE | See annex DD.4.3 for methods of determinj

2.1.116

DEFAULT SETTING

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

2.1.117

distance from the \N\dB OUTPUT BEAM DIMENSIONS are determined alopg the
BEAM [ALIGNMENT t where the product of ATTENUATED OUTPUT POWER and
ATTENUATED PULSE AL is maximum

DEPTH FOR'SOFT-TISSUE THERMAL INDEX
distancedrom the plane where the —12 dB OUTPUT BEAM DIMENSIONS are determined alo

ng the
GINMEN plane—at-w veF— d POWER
and the product of the ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY and 1 cm2 is
maximized over the distance range equal to, or more than, 1,5 times the EQUIVALENT
APERTURE DIAMETER

Symbol: zg
Unit: centimetres, cm

NOTE In this Particular Standard, the restricted definition of SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY from 3.49
of IEC 61102 relating to a specified plane is used where SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY is replaced by
ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY.
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2.1.119
DISCRETE-OPERATING MODE

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

one diagnostic methodology
[3.7 of IEC 61157]

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

{4
Dgy = ,/— 4
eq - aprt
where

Aaprt | is the —12 dB OUTPUT BEAM AREA.
Symbol: Deq
Unit: ¢entimetres, cm

NOTE | This formula gives the diameter of a circle whose area j
calculajion of the CRANIAL-BONE THERMAL INDEX and the SOFT TISS

21141
EQUIVALENT BEAM AREA

value ¢f the area of the acoustic beam at thexdistancez interms sfpower and intensity, and give

P
z;ta(z)

wheré

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

Izpta,of2) is the @

in milliwatts

P

Izpta(Z

z
Symb
Unit: ¢

2.1.122

BEAM AREA. It is use

i in the

n by

EQUIVALENT BEAM DIAMETER

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

AREA, and given by

deql2) = 1/% Agq(z)

where

Aeq(z) is the EQUIVALENT BEAM AREA;

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

Unit: centimetres, cm
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2.1.123

FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT
means by which the EQUIPMENT establishes values of the acoustic output quantities
independent of direct OPERATOR control

2.1.124
MECHANICAL INDEX

MECHANICAL INDEX is given by
-1/2
MI = Pra Jawf
Cmir

wher¢
Cyy =[1 MPa MHz-1/2;
Pra Is the ATTENUATED PEAK-RAREFACTION PRESSURE in megapascal
fawf s the ACOUSTIC WORKING FREQUENCY in megahertz.
Symbeol: M1

2.1.12
MULTI

2.1.12

NON-SICANNING MODE

mode
ultras
[3.12

2.1.13
-12.d
area d
[3.13

Symb
Unit: ¢
2.1.12
-12d

dimen
to the

Unit: None
5
PURPOSE ULTRASONIC EQUIPMEN
ultraspnic equipment which is intended N one application

sions of the ultrasonic beam (—12 dB PULSE BEAM WIDTH) in specified directions 1

6

EQYIPMENT that involves a sequen
n|c scalY'lines that follow the same acousti¢

of operation of

the —12 dB OUTPUT BEAM DIMENSIONS

BEAN ALIGNMENT AXIS and at the transducer output face

[3.14 offEC 6157, modified]

NOTE 1

more th

ce of
path

ormal

For reasons of measurement accuracy the —12 dB OUTPUT BEAM DIMENSIONS can be derived from
measurements at a distance chosen to be as close as possible to the face of the transducer, and if possible no

an 1 mm from the face (3.14 of IEC 61157, modified).

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

OUTPUT POWER

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

[3.5 of IEC 61161, modified]

Symbol: P
Unit: milliwatts, mW

2.1.130

PEAK-RAREFACTIONAL ACOUSTIC PRESSURE
maximum of the modulus of the negative instantaneous acoustic pressure in~an acoustig field
duringd an acoustic repetition period
[3.34 pf IEC 61157, modified]

Symbol: p,

Unit: megapascals, MPa

21131
PRUDENT-USE STATEMENT
affirmption of the principle advising avoidance exposure level$ and
secondarily long exposure times while acquiring nece cal information

2.1.132
PULSEFAVERAGE INTENSITY
raﬁocfthePULSEINTENSWYINTEGRALIp

Symbol: I,
Unit: watts per square cen

2.1.133

PULSE|BEAM-WIDT
distante betweer :b
point pf maximum
PRESSURE-SQUARED
[3.18 pf IEC 6115
Symbol: d_g ¢f

Unit: ¢eniin

gh the
PULSE-

2.1.134
PULSE|[DURATION
1,25 fimes the interval between the time when the time integral of intensity in an adoustic
pulse [atid point reaches 10 % and when it reaches 90 % of the PULSE INTENSITY INTEGRAL

[3.30 efHEC-64++02modified]
Symbol: 4

Unit: seconds, s

2.1.135

PULSE-INTENSITY INTEGRAL

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

[3.31 of IEC 61102]

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

PULSE-PRESSURE-SQUARED INTEGRAL

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

[3.33 of IEC 61102]

Symbol: p;
Unit: Pascal squared seconds, PaZs

2.1.137

PULSE REPETITION RATE

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

Symbol: prr
Unit: hertz, Hz

2.1.138
SCANNING MODE

mode| of operation of an ULTRASONIC DIAGNOSTIC EQU
ultraspnic pulses which give rise to scan lines that do
[3.21 pf IEC 61157, modified]

ce of

2.1.139
SOFT TISSUE THERMAL INDEX
THERMAL INDEX related to soft tissues

Symbol: TIS
Unit: None

NOTE

NOTE }
tissues

EX.

bkeletal
2.1.14
SPATIA

distan
[3.49

Symb

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

21144
TEMPORAL-AVERAGE INTENSITY

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

Symbol: Ii5(z)

Unit: milliwatts per centimetre squared, mW cm-2
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2
AL INDEX

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

Symbol: 77
Unit: None

2.1.143

TRANS

DUCER ASSEMBLY

transducer housing (probe), any associated electronic circuitry and any liquids contained in the

housing and the integral cable which connects the transducer probe to an ultrg

[see

2.1.144
TRANSMIT PATTERN

combipation of a specific set of transducer beam-forming ch
transmit aperture size, apodization shape and relative timing/p bepfi acro
apertyre, resulting in a specific focal length and direction); a et grive wavef

a spegific fixed shape but variable amplitude

2.1.14

ULTRASONIC DIAGNOSTIC EQUIPMENT
MEDICAL ELECTRICAL EQUIPMENT which

exami

NOTE
of the {

2.1.14
ULTRA
devicq
energ

.22 of IEC 61157]

5

e ultrasonic and mon
nation for obtaining a medical diay

See also definition 3.11 of IEC 61157: fmedical diagno asonic equipment (or system) — com
ltrasound instrument console and the TRANS : aking up a complete diagnostic syste
6

SONIC TRANSDUCER

ergy to mechanical energy and/or mech
ifasonic frequency range

b capable of co
y to eIectri

seund console

by the
5s the
brm of

toring

bination
n.

anical
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2.101 List of symbols
a ACOUSTIC ATTENUATION COEFFICIENT
Aaprt —12dB OUTPUT BEAM AREA
Cyr NORMALIZING COEFFICIENT
Degq EQUIVALENT APERTURE DIAMETER
d_g PULSE BEAM WIDTH
deq EQUIVALENT BEAM DIAMETER
Sfawt ACOUSTIC WORKING FREQUENCY
Ipa PULSE-AVERAGE INTENSITY
Ipa,d ATTENUATED PULSE-AVERAGE INTENSITY
Ipi PULSE-INTENSITY INTEGRAL
Ipi,a ATTENUATED PULSE-INTENSITY INTEGRAL
Lia(z TEMPORAL-AVERAGE INTENSITY
La, alz) ATTENUATED TEMPORAL-AVERAGE INTENSITY
Izptal2) SPATIAL-PEAK TEMPORAL-AVERAGE INT
Izpta|al2) ATTENUATED SPATIAL-PEAK TEMPORAL NS
MI MECHANICAL INDEX
P OUTPUT POWER
Pq ATTENUATED OUTPUT POWER
Py
Pi
Pr
Pra
prr
TI
TIB
TIC
TIS
Iq
XY B OUTPUT BEAM DIMENSIONS
z DISTANCE FROM THE SOURCE TO A SPECIFIED POINT
Zh DEPTH FOR TIB
Zbp BREAK-POINT DEPTH

Zs

DEPTH FOR TIS
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entification, marking and documents

This clause of the General Standard applies except as follows:

6.1 Marking on the outside of EQUIPMENT or EQUIPMENT parts

Addition:

aa) Compliance with EMC requirements

Intra-corporal TRANSDUCER ASSEMBLIES that do not comply with the electromagnetic

Replagement:
*p) Qutput
F
bp), cc) or dd), and which allows the OPERATOR to
agtion needed to increase or decrease the output |
This marking shall be of the nature of an active D
Replagement:

gq) PHysiological effects, symbols andwaming
MULTI-PURPOSE ULTRASONIC EQUIPME

bb

be

6.3 Marking of@t S
Additipnal items:

aa)

bb)

cc)

6.8.2

General Standard, affixed to the \CONTRQL P2
pul;pose of this marking\is tg-alert th RMo consult the INSTRUCTIONS FO

bmpliance requirements of clause 36 shall have applied the Tollowing
RANSDUCER ASSEMBLY: symbol 14 of table DI in annex D of the Gene

ET Symbol

saund output levels subject t
bol 14 in table DI of annex D
other readily visible locatior

) or dd) should carry the marking“described '8

RIAGNOST

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

to the

b 51.2
s, the
ATOR.

D 51.2
of the
. The
R USE

e with
6.8.2

trans-

m the
dices)

INSTRUCTIONS FOR USE

Additional items:

aa) INSTRUCTIONS FOR USE shall contain the following:

1) the procedures necessary for safe operation, drawing attention to the safety hazards
which may occur as a result of an inadequate electrical installation when the APPLIED

PART of the ULTRASONIC DIAGNOSTIC EQUIPMENT is of TYPE B;

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

CONDUCTOR,
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3) the safe use of internal and external TRANSDUCER ASSEMBLIES, and in particular that
the ULTRASONIC DIAGNOSTIC EQUIPMENT is of the correct type for its intended applic-
ation; for TRANSDUCER ASSEMBLIES intended for intra-corporeal use, a warning 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 compliance requirements and may cause harmful interference with
other equipment in the environment. The identification of interference with other
equipment and mitigation techniques shall be included in the INSTRUCTIONS FOR USE if
a reduction in test levels is claimed by the MANUFACTURER,;

4) a description of those parts of the TRANSDUCER ASSEMBLY which may be immersed in
water or other liquids either for NORMAL USE or performance assessment purposes;

) a notice If the ULTRASONIC DIAGNOSTIC EQUIPMENT or parts thereo with
protective means against burns to the PATIENT when used wi rgical
equipment. If no such means are incorporated, notice g i in the
ACCOMPANYING DOCUMENTS and advice shall be given regardi d use

fect in

) a recommendation calling the USER’S attention to the ‘ 4 g and

— inspection of the TRANSDUCER ASSEMBLY for “sratk bss of
conductive fluid;

— inspection of the TRANSDUCER ASSEY

7) the appropriate use of the YLTRASO anical
damage to the TRANSDUCER ASSEMBLY;

B) for MULTI-PURPOSE ULTRASONIZ DIAGNOSTIS \ butput
levels significantly greater th i 3 ations

of the ULTRASONIZ\DIAG insfructions regarding the avoidance of

A DIAGNOSTIC EQUIPMENT capable of gener-
, cc) or dd);

G 6f any DISPLAY or means by which the OPERATOR
he EQUIPMENT relevant to ultrasound output (see 8) and

or means by which the OPERATOR may modify the
WPMENT relevant to surface temperature for ULTRASONIC

12) s s¢ temperature of the TRANSDUCER ASSEMBLY can exceed 41 °C, the

1B) for<ULTRA C DIAGNOSTIC EQUIPMENT capable of generating output levels sub|ect to
51.2 bb), cc) or dd), information to the USER on how to interpret the displayed
ultrasonic exposure parameters, THERMAL INDEX (77) and MECHANICAL INDEi (M1I)
according to the guidance given in annex HH.

6.8.3 Technical description
Additional item:

aa) Technical data regarding acoustic output levels to be required in the OPERATOR’S manual.

For each mode, provide the maximum value of each index (as well as the associated
parameters listed for the operating condition resulting in the maximum index value), for
which the operating mode in question is the largest (or sole) contributor.
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Table 101 — Acoustic output reporting table

TIS TIB
Index label MI s Non-scan Non- TIC
can
Agpre S1€m2 | Agp>1cm2 | Scan
Maximum index value X X X X X X
Pra
P X X X X
Min. of [P,(zs), Ita,a(zs)] X
ZS X /‘

Asdociated “op X/\& \
s [ AN
z at max. I 4 X ’~ \ \\ \\)
N

deq (zp) \ \ X

Sawf X X X/\\ “\ Y X

Dim of Ao X X N DOXN L/ X X
Y X

Iq

Dther = e(\ /\ } ( U ‘\)
infdrmation | 2r 8t Max. ki \ \ \ /
deq at max. I \\\ \ X
Ipa,q @t max. M1 A (\ \/

N

x

control 1 1 N0 [ D x X X
; N
Opjerating Control 2 X X
cpntrol [\ N <

coditions | Congrol 3L NN | NN | \x X X X
NO No;/any formulation of TIS not yielding the maximum value of| TS
for
NO ided regarding T/C for any TRANSDUCER ASSEMBLY not intended for
tran
NO i T need not be provided if the equipment meets both exemption clayses
given §

\\>
SECTION TWO: ENVIRONMENTAL CONDITIONS

The clauses and subclauses of this section of the General Standard apply.

SECTION THREE: PROTECTION AGAINST ELECTRIC SHOCK HAZARDS

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

19 Continuous LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS

Addition:

19.4 g)5) For testing the TRANSDUCER ASSEMBLIES a saline solution in which the APPLIED PART
is immersed shall be used.
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Addition:

19.4 h)9) For testing the TRANSDUCER ASSEMBLIES a saline solution in which the APPLIED PART
is immersed shall be used.

20 Dielectric strength
Addition:

20.4 h) For testing the TRANSDUCER ASSEMBIIES a saline solution in which the APPIIED PART is
immefsed shall be used.

SECTION FOUR: PROTECTION AGAINST MECHANICA

The clauses and subclauses of this section of the General Standaxd ap

The clauses and subclauses of this section of the Ge& DWS:

*35 |Acoustical energy (including
Replagement:

35.1 |For requirements and i j hnical
descriptions relevant to

35.2 |For requir
and protection a

35.3 |Acoustic oy

t data

*36 [Electro
Replacemer

ULTRASONIC,DIAGNOSTIC EQUIPMENT shall comply with the requirements of IEC 60601-1-2

ULTRASONIC DIAGNOSTIC EQUIPMENT shall be classified as Group T and class A or class B. THE CLASS
depends on the environment for the intended use. It shall be stated by the MANUFACTURER in the
INSTRUCTIONS FOR USE.

For TRANSDUCER ASSEMBLIES intended for intra-corporal use that cannot meet the
requirements of IEC 60601-1-2 when operated outside the body, the IEC 60601-1-2 TEST
LEVELS may be reduced by the body attenuation within the transducer's pass-band provided
this reduction can be justified. The justification must be based on significant physical,
technological and/or physiological limitations. The reduced IEC 60601-1-2 TEST LEVELS shall
be one of the levels listed in the referenced basic EMC IMMUNITY standard unless the
COMPLIANCE LEVEL is outside the range of levels listed. If the COMPLIANCE LEVEL is outside the
range of levels listed in the referenced basic EMC IMMUNITY standard, the actual IMMUNITY
LEVEL shall be stated, rounded to one significant digit. Documentation should include the test
set-up and test methods used to measure the body attenuation claimed for the TRANSDUCER
ASSEMBLY. Alternatively, the equipment may be operated in a shielded location according to
the requirements of IEC 60601-1-2.
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SECTION SIX: PROTECTION AGAINST HAZARDS OF IGNITION
OF FLAMMABLE ANESTHETIC MIXTURES

The clauses and subclauses of this section of the General Standard apply.

SECTION SEVEN: PROTECTION AGAINST EXCESSIVE TEMPERATURES

AND OTHER SAFETY HAZARDS

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

42 Excessive temperatures

This dlause of the General Standard applies except as follows:

42.3
Replagement:

*42.3 [ ULTRASONIC TRANSDUCERS applied to the PATIENT shalNhaveé
exceeding 43 °C when measured under test conditiops 4)1/) belo

In addition, ULTRASONIC TRANSDUCERSSapphied
not eXceeding 50 °C when measured under tes

Compliance
tempgrature tests as follo
a) Tgst conditions

1)| The ULTRASONI(
Test cond
— the ULTRAS

to th&€ PAT. NQW ave a surface temperature

sue, skin or bone, and such that the ultrasound e
e ULTRASONIC TRANSDUCER enters the test object;

face temperature not

and

a test
mitted

- ¢ 3 8 ting and/or cooling of the ULTRASONIC TRANSDUCER resemble

ER;

- i ich the temperature is measured shall be less than 1 mm fram the

- 2w of the tests, the temperature of the surface of the test object matgrial at
the object-transducer interface shall be 37 °C + 1 °C, the ambient temperatursé

b shall
DUCER

be 23 °C + 3 °C and the temperature of the radiating surface of the TRANS

ASSEMBLY shall be equal to the ambient temperature initially (see also note 3);

— the material from which the test object is made shall have thermal and acoustical
properties mimicking those of appropriate tissue. The values for the specific heat
capacity, thermal conductivity and attenuation coefficient of the material used shall

be specified;

— the test object shall be designed (for example, using acoustic absorbers) to prevent
ultrasound reflections from heating the surface of the ULTRASONIC TRANSDUCER;

— the minimum size of the test object should be such that increasing the size will
have a negligible effect on the surface temperature of the TRANSDUCER ASSEMBLY;
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— the test object shall be in contact with a heat sink surface (for example, formed by
a heat-conductive metal container) that is maintained at 37 °C + 1 °C (except for
the situation described in note 3).

NOTE 1 A general guidance for the acoustic properties of appropriate tissue is given in ICRU report 61
of the International Commission of Radiation Units and Measurements: Tissue substitutes, phantoms and
computational modelling in medical ultrasound, 1998, ISBN 0-913394-60-2. In particular, for soft tissue,
the material shall have the following properties: specific heat capacity: 3 500 + 500 J kg-' K-'; thermal
conductivity: 0,5 + 0,1 W m-1 K-1; attenuation coefficient at 5 MHz: 2 + 0,5 dB cm~1.

NOTE 2 As heat develops differently in tissue surfaces containing skin, bone or soft tissue, careful
consideration should be given to the choice of the model in relation to the intended use of the
ULTRASONIC TRANSDUCER. Additional guidance can be found in annex BB.

NOTE 3 To meet the requirements of not exceeding a surface temperature of 43 °C in case the

= ; urface
temperature rise is limited to 6 °C. The temperature of the surface of the test object material at the|object-
transducer interface shall then be equal to, or greater than, the ambient temperatiige,~the ambient
temperature shall be 23 °C + 3 °C and the temperature of the radiating face SDUCER

ASSEMBLY shall be equal to the ambient temperature initially.

Suspend the ULTRASONIC TRANSDUCER with a clean surfa jelatine
applied) in still air or place it in a stationary position in a ] er with
minimal air flow with the surface of the ULTRASONIC T a way
as to allow for the highest surface temperature.

NOTE Under free air conditions the ambient temperature

erating settings

erate the ULTRASONIC DIAGNOSTIC EQUIP j ighest
ty cycle

test.

The test according ta

TE When the ULTRASONIC D | = a he time

A) for 3
B) for twic

d by an automatic output freezing capability i case
itch off that capability, whichever is shorter.

RASONIC TRANSDUCER can be measured by any apprqpriate

used, the thermocouple junction and adjacent thermocouple lead
rely held in good thermal contact with the surface of the material whose
heig measured. Position and secure the thermocouple in such a wgy that

it will- have negligible effect on the temperature rise of the area being measured.
TWWMMW)ER in

those areas that give the highest surface temperature.

NOTE If a thermocouple is chosen for the measurement, it should be a type that is not very sensitive to direct
ultrasonic heating (for example, a thin film or fine wire thermocouple).

Te

Th
du
no

st criteria

e ULTRASONIC TRANSDUCER shall operate through the test at the duty cycle and for the
ration specified in item c) above. At the end of the test, the temperature recorded shall
t have exceeded the limits specified.
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44 Overflow, spillage, leakage, humidity, ingress of liquids, cleaning,
sterilization, and disinfection

This clause of the General Standard applies except as follows:

*44.6 Ingress of liquids
Additional items:

aa) Those parts of the TRANSDUCER ASSEMBLY specified by the MANUFACTURER which in

N ORMA—SE—a¥e ||l/r\|y I-n come |n+r\ nnn{nnl- un+h +Inn OPERATFOR-FPATHENF nlnnll r=e) nt the
requirements of DRIP-PROOF EQUIPMENT (IPX1). Connectors of e TRANSPUCER
SSEMBLIES shall be excluded from this requirement.
DTE Cleaning and disinfection is included in NORMAL USE.
bl 1 of
ing the
BLY isS
bb) to be
i 7).
h/ 7 of
The ¢ DWS
50 Accuracy@ 5
This d
50.2
Repla
aa) T cified,
in
—| any DISPLAY indicating the ACOUSTIC OUTPUT POWER, if provided; see 6.3 and 51.2
—| technical data; see 6.8.3.

bb) The accuracy of the data and controls specific to the surface temperature of ULTRASONIC
TRANSDUCERS intended for trans-oesophageal use shall be specified, including any
display of surface temperature, if provided; see 6.3 and 51.2.

NOTE For the estimation of uncertainties, the ISO Guide to the expression of uncertainty in measurement should
be used [18]").

1) Figures in square brackets refer to the bibliography.
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Protection against hazardous output

This clause of the General Standard applies except as follows:

51.2

Indication of parameters relevant to safety

Replacement:

aa) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding either a SOFT TISSUE

bb)

cc)

dd)

ee)

ff)

gg)

hh)

THERMAL INDEX of 1,0, or a BONE THERMAL INDEX of 1,0 in any mode of operat|on then no

ULTRASONIC DIAGNOSTIC EQUIPMENT which meets the requirements/for ration
ekemption under clause 6 of IEC 61157 is not expected to be capals either
a|SOFT TISSUE THERMAL INDEX of 1,0, or a BONE THERMAL INDEX © rating
cpnditions, both faws < 10,5 MHz, and Agpt < 1,25 cmz2, 3 |is no
requirement to display the TI.

Ifl the ULTRASONIC DIAGNOSTIC EQUIPMENT is capable TISSUE
THERMAL INDEX or BONE THERMAL INDEX of a value of bde is
agtive, then the capability shall be available for the-QP SOFT
TISSUE INDEX (71S) (when exceeding a value of/0,4) (T1B)
(when exceeding a value of 0,4), but not nece iy )si , in such operational
mode.

If|the ULTRASONIC DIAGNOSTIC EQUWPM ‘ s/adult cephalic applications,
tHen the THERMAL INDEX display nee 8 CRANIAL-BONE THERMAL INDEX| when
efiual to, or exceeding, a value of 1

If|the ULTRASONIC DIAGNOSTIC EQUIPM z pf exceeding a MECHANICAL INDEX of
1]0 in real-time B-mogde 2 ' ode is active), then the MECHANICAL
INDEX shall be displaye 3 ds a value of 0,4 in such an operational
mode.

ULTRASONIC DIAG 3 NR which meets the requirements for the declgration
ekemption is not expected to be capable of exceeding a
MECHANICAL | for\all operation conditions, faws > 1,0 MHz. Conseqyently,
there is no reg

Fpr sysTeEmMsS\tha ¢ of real-time (B-mode) imaging, the SYSTEM shall allow
the OPERA h a THERMAL INDEX (according to the requirements of aa) — cc)
above ANICAL/INDEX (accordmg to the reqwrements of dd) above), but need
npt b

The incremenis\fo ¢ display of THERMAL INDICES, if displayed (see aa) — ee)), shall be
np more._t 0,2Xor values of indices up to 2,0 and 0,5 for values of indices above R,0.
The increment Tor each display of MECHANICAL INDICES, if displayed (see aa) — ee))} shall
be.no,more than 0,2 over the entire range of display.

If "an ULTRASONIC TRANSDUCER intended for frans-oesophageal use is capable of
exceeding 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 exceeds a value of 41 °C (see 42.3).
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51.4 Accidental selection of excessive output values

Replacement:

aa) 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 be reconfigured by the OPERATOR.

bb) For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT in which the design does not allow
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT

sl

>

IN

The c

The c

DEX displayed.

SECTION NINE: ABNORMAL OPERATION AND FA

ENVIRONMENTAL TESTS

—up- rom a
bn-foetal to a foetal application, a reminder to the OPERATOR to k(and-reget or
nange, if appropriate) the acoustic output and the MECHANICAL o “THERMAL
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Annex AA
(normative)

Terminology — Index of defined terms

LB C B0B 0 =T o

Clause 2 Of IEC B0B 0 T -2-37 ... e e e e

L O 10l <
Name of unit in the International System Sl..........cccccoviiiiiiiiiiiiiiiiiiiiiiieeeaa
Defived term without definition ........oeieiiiii e T e e e
Term without definition ..o L D G e e
Name of earlier Unit..........cc.ouiiiiiiiiii e N e N
Shprtened termM ... NN AN D

ACCOMPANYING DOCUMENTS ...uieeieiee e A D LD .

ACOUSTIC ATTENUATION COEFFICIENT ..ovvveeiiiieiieeeeeeeeeeeee G N N NN Y

ACOU$TIC WORKING FREQUENCY (3.4.2 in IEC 61102, modified

APPLIED PART .. b DO NN

ATTENUATED OUTPUT POWER ... cuiuiiee e,

ATTENUATED PEAK-RAREFACTIONAL ACOUSTIC PRESSUR

ATTENUATED PULSE-AVERAGE INTENSITY ..iviviiiiiiieee el e N e i

ATTENUATED PULSE-INTENSITY INTEGRAL ...............

ATTENUATED SPATIAL-PEAK TEMPORAL-AVER p

ATTENUATED TEMPORAL-AVERAGE INTE

BEAM AREA ..o e
BEAM ifi
BONE [THERMAL INDEX ........,/N\......
BOUNIDED OUTPUT POWER
BREAK-POINT DEPTH ... N oo N\eeneaneen

COMB|NED-OPERAYING
CONTROL PANEL .\(..2...$
CRANIML-BONE THERNA

DEFAU

DEPTH

DEPTH INDEX (3.49 of IEC 61102)...ceiieiiniiiiiiiiieieieeeeee .
DISCRETE-OF K (3.7 Of IEC G157 )i 1.119
DI ES] =TI N 7 T e D rmi84-01
Eaquiv RURE DIAMETER ..ttt ittt ettt ettt e e e e ettt e et ettt e et e e e e e e et e e e e aees 2{1.120
EQUIVIALENT BEAM ARE A ..ottt ittt ettt et ettt ettt e e e e et e e e e e e eaeaenenenes 2[1.121
EQUIVIALENT BEAM DIAMETER ...ttt ittt ettt e et e e ettt e e et e e et e ettt e et et e e et e et e ae e e reeaenansn 2(1.122
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT 1ttuittiitit ittt et teeee et ereaeeeeteae e sreanenesnenenn 2.1.123
IMIE CHANICAL INDEX 1. uttttttat ettt ettt s e e et e e et et e et et e e e et e e e e e et e e e e e e et e e e e et ea e n e e eneaneeenes 2.1.124
MULTI-PURPOSE ULTRASONIC EQUIPMENT .. uuuiitititeie ettt e et e e et e e et e e ettt e e e e e e e e ae e e aneaenansn 2.1.125
NON-SCANNING MODE (3.12 of IEC 61157, modified) ..o 2.1.126
(@121 Sy ] = T rm-85-02
—12 dB OUTPUT BEAM AREA (3.13 Of IEC 61157 ). 2.1.127
—12 dB OUTPUT BEAM DIMENSIONS (3.14 OF IEC 61157)c.uuvniieiiiiieeeieee e 2.1.128

OUTPUT POWER (3.5 of IEC 61102, modified ).........cccooiiiiiiiii e 2.1.129
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PEAK-RAREFACTIONAL ACOUSTIC PRESSURE (3.34 in IEC 61102, modified).............cc......... 2.1
PRUDENT=USE STATEMENT .. ..eeiiiiitieeeeeeettee e e e et e e e e et e e e e e e e e e e e e e e e e e e e e e e e e eaaneeeans 2.1
PULSE-AVERAGE INTENSITY ...oeiiiiiutiieeeseteeee e e et e e e e et e e e e e e e e e e e e e e e e e e e e e e e eaneeeens 2.1
PULSE BEAM-WIDTH (3.18 of IEC 61157, modified) .........cooovviiiiii e, 2.1
PULSE DURATION ...ttt ettt e e e e e e e e e e e et e e e e et e e e et e e e e e e e e e e e e e e e e e e e eaneeeans 2.1
PULSE INTENSITY INTEGRAL (3.31 iN TEC B1102) ..eeiiieeieeeeeieiee e 2.1
PULSE-PRESSURE-SQUARED INTEGRAL (3.33 Of IEC 61102) ...ooeoiiviieieiiiiieeeecieee e 2.1
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Annex BB
(informative)

Guidance and rationale for particular subclauses

concerning 1.1 Scope

The content of this Particular Standard has largely been determined to cover ultrasonic
medical diagnostic and monitoring EQUIPMENT including ULTRASONIC echo ranging devices
(both manual and automatic scanning), Doppler echo EQUIPMENT and combjnations thereof.

The dcope has been kept general to encompass as much of the
therapeutic) medical ULTRASONIC DIAGNOSTIC EQUIPMENT as poOssi
EQUIPMENT is capable of being used with numerous different
frequegncies of ULTRASONIC TRANSDUCER to cover a wide variet
takenlinto account in drafting this Particular Standard.

(non-
some
5 and
been

It is ¢ pecify different or

additi g state of biophysical
under
concg
With 6 affect
ultraspund output levels. While small 0 ut level are not of concern fo the

OPERATOR, inadvertent lapge_increases avoided in many cases, as with MULTI-
PURPQSE EQUIPMENT. (See\g. 3

On most EQUIPMENT, ing 8 ans\is generally provided for changing the amplitude
of the|acoustic , etc.)
unchanged. Ofte f this
contrqgl for effective deCe,/aside from concerns with safety. This requirement
addre : hose
prima se or
decre

An ex pr dd),
has b ssible

output

concerhing 6.8.2 aa) 13)

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.

concerning 35 Acoustical energy (including ultrasonic)

This Particular Standard places no upper limits on permitted levels of acoustic output

Concerns with possible excessive levels are addressed by requiring an interactive real-time
DISPLAY of acoustic output, expressed in clinically meaningful parameters, such as the
THERMAL INDICES and MECHANICAL INDICES as included in this standard.
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concerning 36 Electromagnetic compatibility

ULTRASONIC DIAGNOSTIC EQUIPMENT is properly categorized 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 has to be categorized as class B. For further details,
see annex CC.

EQUIPMENT which is the subject of this Particular Standard is properly classified in Group 1
(under IEC 60601-1-2), since the device must intentionally generate radiofrequency energy
and transmit it through a shielded external cable (up to two metres or longer in length) to a

TRANSDUCER ASSEMBLY at the end of the cable. For further details, see anng

For TRANSDUCER ASSEMBLIES intended for intra-corporal use, i a onducted
emissjons according to IEC 60601-1-2 should be performed ithotit the
TRANS[DUCER ASSEMBLY active to ensure compliance when the tr S iside g body
and npt activated, and secondly, when the transducer is insidé the body j x The
condifion “inside the body and activated” should be simulz 3 ing the
same | attenuation as human tissue in the frequency the\transducer. The
phantpom should only be used while making i N ducted emission
measlirements in the frequency pass-band of the trahsduce S phantom's frequency
chara A 000 MHz.
conceérning 42.3 Excessive tempera

Diagn ise of
energ

In the| still-ai . bhe d,/essentially all of the electrical engrgy is
conve i 3 unlike
that irfto the body) is hi efficient. o the use of coupling gel and the usually loy heat
capacjty of the U ; layer, it can be expected that from the ffee-air
situatipn into the a i 8 sUrface temperature drops quickly. A modificafion of
42.3 tp allow for a &0 € Timmjti i-air test is appropriate to ensure that in normpl use
condit e » 43 °C within 1 min. (See 42.1, table Xa of the General
Stand

This 4 RANSDUZER ASSEMBLIES intended for trans-oesophageal use. Although
conta¢t wj he\intergal srface of the oesophagus is prolonged, the time in which the|initial
transg S in contact with a single tissue site is relatively short. Furthefmore,
the transducer atea ich is heated is relatively small, providing little heat capacity, apd the
resulting heat'is rapidly drawn away from the transducer as it passes through the mouth and
into the ©esophagus. As a result, no tissue encounters a temperature in excess of the sjeady-
state temperature for clinical scanning for other than a brief moment

The allowable maximum temperature of 43 °C for parts having contact with the PATIENT
for more than 10 min was derived from the current draft of the third edition of IEC 60601-1 for
revision of the General Standard. There is evidence that cells can develop thermo-tolerence
on exposure to temperatures of up to about 43 °C, but fail to do so at higher temperatures

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.

In NORMAL USE, a trans-oesophageal or other endo-cavitary transducer operates surrounded
by tissue, such that the ambient temperature is that of the patient’s internal body temperature.
Unlike the conditions encountered when operating the TRANSDUCER ASSEMBLY in still air, both
ultrasound energy and heat from the TRANSDUCER ASSEMBLY are efficiently transferred into the
adjoining tissue. Both the heat directly conducted from the TRANSDUCER ASSEMBLY, as well as
the heat resulting from ultrasound absorption within the tissue, are carried off by heat
transport effects such as blood perfusion, heat conduction and radiation.

In NORMAL USE; f\)/pir\ally hand.hald prnhoe do-not npnrgfn while surraunded hy tissu ; the
body pf the probe assembly is in contact with ambient air temperature, e.only the| small
portioh of the probe intended to contact the patient will be exposed to ap rature
determined by patient’s core body temperature.

Explahatory notes concerning the test object setup are as follows:

- tig uman
tig r test
sh model
th s can
be

- wh DUCER
AS| aterial (TMM) to a depth such that
ing on the surface temperature of the
TR

- WH nsure
th{

Gene brt 61:

Tissué 1998,

ISBN

Directy cribed

by R. g perfusion supporting tissue-mimicking material for ultrajsound

hyper Wedical Physics, Vol. 17, No. 3, May/June 1990.

Alternative materials \nay be used where the results can be shown to be comparable| most

significantlys—howeveyr, the material used shall exhibit an ultrasonic absorption coefficient

appropriate to the intended model.

concerning 44.6 Ingress of liquids

All TRANSDUCER ASSEMBLIES are assumed to require some contact with fluids during normal
operation. Some ULTRASONIC TRANSDUCER are designed to be immersed in water baths
wherein the water bath provides a link in the acoustic coupling path to the PATIENT while other
ULTRASONIC TRANSDUCER, employed for contact scanning, need only minimal contact with
some coupling gel at the active surface of the PROBE. The MANUFACTURER is expected to
specify, through knowledge of the application and PROBE design, the parts of the PROBE that
may be wetted in NORMAL USE (see 6.8.2).

The requirement and test as specified are considered suitable for this EQUIPMENT and avoid
conflict with the WATERTIGHT requirements of the General Standard. The tests specified are
documented in IEC 60529. The IPX1 code indicates protection of EQUIPMENT against ingress
of water with harmful effects by dripping; the IPX7 code indicates protection of EQUIPMENT
against ingress of water with harmful effects by temporary immersion.
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Annex CC
(informative)

Guidance in classification according to CISPR 11

Rules for classification and separation into groups of equipment are contained in CISPR 11.
The purpose of this annex is to provide summarized information for the assignment of the

ULTRASONIC DIAGNOSTIC EQUIPMENT to the appropriate CISPR 11 group and class.

Subclfuse 4.1 of CISPR 11

Accorfing to the subclause, Groups are separated as follows:

— Group 1 ISM equipment. group 1 contains all ISM equipment in W&

onally

generated and/or used conductively coupled RF energy tha internal
functioning of the equipment itself.

— Group 2 ISM equipment. group 2 contains all ISM i wh h RF energy is

intentionally generated and/or used in the for
trgatment of material, and spark erosion equipme

Subclause 4.2 of CISPR 11

Accorfing to the subclause, division intg

adiation for the

— Class A equipment is equipment sujtable f5 i establishments other than doTnestic
p

bujildings used for dom

NQTE Although class ed for industrial and commercial

and those directly co g fkage power supply network that su

plies

establishments,

administrations y , with ate er~additional measures are necessary, the installation and|use of
class A ISM equ i S S &Qts/Or in an establishment connected directly to the public low-

voltage power suRply

— Class B equip i f\stitable for use in all establishments, including domestic
establishments and i connected to the public low-voltage power supply

network that supplies™ i used for domestic purposes.

Annex
equip

xamples for equipment classification and specifies
{, whereas “medical apparatus” can be found under Group |2, but

miedical

only ghort-w icrgwave therapy equipment is explicitly mentioned. All other types of

medicfal devices STEMS are not distinctly addressed.
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Annex DD
(normative)

Test methods for determining the MECHANICAL INDEX
and the THERMAL INDEX

Introduction

lause defines methods for determining an exposure parameter relating to temp

rature

rise in

effects.

theoretical tissue-equivalent models, and also an exposure parameterfor nonsth

ermal
ety of

ULTRABONIC DIAGNOSTIC EQUIPMENT.

Thesgq indices shall be determined in accordance with DD.2 to DD.5\or\a parti rasonic
field fonfiguration generated by a DISCRETE-OPERATING MGDE i SONIC
DIAGNPSTIC EQUIPMENT. For COMBINED OPERATING MODES, DD.6
shall be used.

Acousdtic output measurements shall be undertaken/usip ise of
hydrophones in accordance with IEC 61102 or the power
measlirements in accordance with IEC water
(see glso annex FF).

In all cases where BOUNDED OUTPUT POWER is d mask
or eqyivalent means (see annex FF) shall i

The value of the ACOUSTIC ghall be 0,3 dB cm-1 MHz-1. This value is
selected as an appropr 3 to be
equivalent to the gttenuatieh\N S vorst-case conditions of clinical use. The meganing
of “reasonable % i ¢ ind in
Medicline and BiolqQg at Set of tissue properties and dimensions such that less
than R,5 % of patj ermal
endpdint if their n the
calculptions”.

NOTE | The mode applicable. Recent literature suggests that sometimes other models| should
be used [1

The —12 dB BEAMAREA may be determined by using a raster scanned hydrophong
DD.2| /Determination of MECHANICAL INDEX

DD.2.1 Determination of attenuated peak-rarefactional pressure

The calculation of MECHANICAL INDEX requires the determination of the ATTENUATED PEAK-
ACTIONAL PRESSURE. This shall be determined at the location of the maximum
ATTENUATED PULSE-INTENSITY INTEGRAL. This location should be determined according to the
procedures set out in IEC 61102 for the location of peak PULSE-PRESSURE-SQUARED INTEGRAL,
with the addition that for all measurement locations an ACOUSTIC ATTENUATION COEFFICIENT
shall be applied to the PULSE-PRESSURE SQUARED INTEGRAL.

RAREF
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DD.2.2 Calculation of MECHANICAL INDEX
The MECHANICAL INDEX shall be calculated from the expression as defined under 2.1.124;
-1/2
Pra Jawf
Cmr

Ml =

where
Cyy = 1 MPa MHz-1/2;
pra IS the ATTENUATED PEAK-RAREFACTIONAL PRESSURE in megapascal;

fawi [S The ACOUSTIC WORKING FREQUENCY In megahertz.

DD.3| Determination of THERMAL INDEX — general

The method of determination of the THERMAL INDEX depends upon W i brmed
in SCANNING MODE or NON-SCANNING MODE. Also for the SOFT-11S \ i NON-
SCANNING MODE the method of determination depends on the — > EAM Each

determination method is set out in the following sections.

DD.4| Determination of THERMAL INDEX in NO
DD.4.1 Determination of SOFT-TISS
s the

owing
all be

When| the -12 dB OUTPUT BEAM AREA
condifion Agprt < 1,0 cm2 then the SOF
the procedures described in DD.4.1.3.
determined according to the\procedures gi

DD.4.1.1 Determinagion o

The DEPTH FOR TJ8) zs.
]Zpta’a Z) X 1 cm

milliwatts and Ipta q

g and
be in

DD.4.1. SSUE THERMAL INDEX, TIS, for Aape > 1 cm2

The s TIS, shall be calculated at the DEPTH FOR TIS, zg, from:
P,
T]S = a fan
Cris
or
I-lv\f';lﬂ(Zc)fD\MF
TS = —  —— —
Cris2
whichever is the lesser,
where
CT1is1 = 210 mW MHz;
Ctis2 = 210 mW cm—2 MHz;
Py is the ATTENUATED OUTPUT POWER in milliwatts;
fawf is the ACOUSTIC WORKING FREQUENCY in megahertz;

Izpta,a(zs) is the ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY in milliwatts per
centimetre squared at the depth of TIS, z.
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DD.4.1.3 Determination of SOFT-TISSUE THERMAL INDEX, TIS, for Aaprt <1 cm2

If the —12 dB OUTPUT BEAM AREA satisfies the condition 4pt < 1 cm2, the SOFT-TISSUE THERMAL
INDEX shall be calculated from

TIS = Pfawf
Crist
where
CT1is1 = 210 mW MHz;
P s the OUTPUT POWER in milliwatts;

fawi s the ACOUSTIC WORKING FREQUENCY in megahertz.

DD.4.2 Determination of BONE THERMAL INDEX, TIB, for NON-

The Igcation of DEPTH FOR TIB, zp, shall be carried out by ¢ ith the
distan[ce of the ATTENUATED OUTPUT POWER multiplied B ATTE D\ PULSE-INTENSITY
INTEGRAL. The position of the maximum value of this pgramete 3

The ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE ; the DEPTH FOR 7|IB, zp,
shall he calculated from

where

Ipi,a(zh) is the ATTENUATED ¥ N » joules
per centimetre squarey;

prr is the PULSE REPETI

, shall

The BPNE THERN@DE
be calculated fro

Pa(Z)Izpta,a(Z)
TIB =

CriB1

or
T[B - Pa(zb)

Crig2
whicheveristhe tesser;
where
Ctig1 = 50 mW cm-1;
Ctig2 = 4,4 mW;
P4(zp) is the ATTENUATED OUTPUT POWER, at the DEPTH FOR TIB, zp, in milliwatts;

Izpta,a(zp) IS the ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY, at the DEPTH FOR
TIB, zp, in milliwatts per centimetre squared.
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DD.4.3 Determination of CRANIAL-BONE THERMAL INDEX, TIC, for NON-SCANNING MODES

The CRANIAL-BONE THERMAL INDEX shall be calculated from

P/D
TIC = — &9
Cric
where
Cric =40 mW cm-1;
P is the OUTPUT POWER in milliwatts;
Deq S the EQUIVALENT APERTURE DIAMETER T CETTHTEITES:
DD.5| Determination of THERMAL INDEX in SCANNING MODE
DD.5.{1 Determination of SOFT TISSUE THERMAL INDEX, TIS, fo
For epch TRANSMIT PATTERN in a SCANNING MODE, the all be
calculpted from
P
rs = P1/a
wher¢
C1is1 F 210 mW MHz;
P4 s the BOUNDED OUTPUT POWER in{mill
fawf s the ACOUSTIC WORE
DD.5.2 Determinatio
The daterminati r soft-
tissue| THERMAL IND
DD.5.8
In a SICANNINg shall
be callc
DD.6| Calculations for COMBINED-OPERATING MODE
DD.6.l <, ACOUSTIC WORKING FREQUENCY

In a COMBINED-OPERATING MODE with more than one type of TRANSMIT PATTERN employed
during the scan period, the ACOUSTIC WORKING FREQUENCY shall be considered separately
for each different TRANSMIT PATTERN as appropriate in calculating the THERMAL INDEX or the
MECHANICAL INDEX.

DD.6.2 THERMAL INDEX

For COMBINED-OPERATING MODES, the THERMAL INDEX for the contribution of each discrete mode shall
be calculated separately and the individual values summed appropriately, as shown in table DD.1.
The location of the maximum temperature increase is near the surface of the TRANSDUCER ASSEMBLY
for SCANNING MODE in all three categories, TIS, TIB and TIC. The location of maximum temperature is
also near the surface for NON-SCANNING MODE for TIS when Aapr < 1,0 cm2, and for TIC. The location
is at greater depth for NON-SCANNING MODE for 7IB and for TIS when Agp > 1,0 cm2. Table DD.1
summarizes the combination formulae for each of the THERMAL INDEX categories.
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Table DD.1 — Summary of combination formulae for each of the THERMAL INDEX categories

THERMAL INDEX categories

Combining discrete mode values of THERMAL INDEX

TIC, TIS for Agp < 1,0 cm?

THERMAL INDEX at the surface = 2 (THERMAL INDEX values for all modes)

TIB, TIS for Agp > 1,0 cm?

or

Maximum of THERMAL INDEX at surface or THERMAL INDEX at depth, i.e. the maximum
of 2 (THERMAL INDEX values for SCANNING MODES)

2 (THERMAL INDEX values for NON-SCANNING MODES)

DD.6.3 MECHANICAL INDEX
For JQOMBINED-OPERATING MODE, the MECHANICAL INDEX shall RETE-
OPERATING MODE with the largest MECHANICAL INDEX.
DD.7| Summary of measured quantities for index/dete
Table[DD.2 gives a summary of the acoustic quantitig or the\determination of each
of thg defined safety indices. Since attenuated quan dexive@ by calculation] from
assocjated measured free-field quantities, bo and free-field quantitigds are
included.
Index TIB TIC
. n on- . Non-
Mode Sca m%\ (\sgm\‘/kfnning Scanning scanning
v/\
A SN S [ 1o
N

Saul \Ax\ \ X X X

; AN AN AN x T

P, INOARNNLS x

Pl NN X x

N

e NN NS\ * X

Lypla,a \ \/ X X

Iy X B X

<7

Loilx X X

Pr X

Pra X

Aaprt X X X

Deq X X

Zg X

Zp X

z at max. I 4 X
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Annex EE
(informative)

Relationships with other standards

The methods of determinations set out in this standard are intended to yield identical results
to those contained in UD-3 Rev.1:1998 Standard for real-time DISPLAY of thermal and

mechanical acoustic output indices on diagnostic ultrasound equipment, American Institute of
Ultras i fei i i farth

The models on which these determinations are based and the measur lation
rationple are contained in the document UD-3 Rev:1-1998 and in j econdary \refer¢nces.
This document has been followed in this standard (see annex GG).

®
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Annex FF
(informative)

Guidance notes for measurement of OUTPUT POWER in SCANNING MODE

This annex deals primarily with the exceptions that must be made for SCANNING MODES from
the standard acoustic measurement procedures set out in IEC 61102 and IEC 61161.

FF.1
This {

linear
OUTPUY

The fd
to the

(a) |1

—Measurement of OUTPUT POWER, P_in SCANMNG MODES

T POWER.

llowing paragraphs provide guidance for the measurem
requirements set out in IEC 61161 and when these r

1 cm
UNDED

idition

during ferent
TRANSMIT PATTERNS when necessary to permit g R and
deterr] DD.1.
Such to be
used NSMIT
PATTE

(b) V scan
arrest hte for
any b linear
position. Hydrophone th the
beam| scan arr e the
transmitted acou

In ph{ ise of
decre

(c) Wh : easurements in SCANNING MODE, the radiation force balance
target be such that the effective BEAM AREA intercepts the targef over
the erti entiof the b€am. The alignment of the beam axis, the direction of sensing |of the
radiat/on-forece—balance and the axis of the aperture should be co-linear to within|+10°.
The agsociated error’in measurement will depend upon the specific geometry of the [trans-

ducer

and radiation-force-balance target, and no general guidance can be given.

The following sections describe windowing techniques using a 1 cm-wide slit absorber,
a 1 cm-wide radiation force balance target or electronic masking techniques.

FF.2

Creating a 1 cm azimuthal wide window using a mask of
absorbing material or a 1 cm-wide radiation force balance target

When a radiation force balance target is used to limit the azimuth (image plane) aperture, its
geometry and composition should be such as to detect all forward emissions from a 1 cm-
wide strip immediately in front of the scan-head and not to detect emissions from outside that
1 cm-wide strip.
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The two techniques in this section have somewhat different sources of error. Agreement of
the two methods of defining the apertures should give reasonable confidence that the
aperture is defined accurately. Use of an absorbing mask or limited-width radiation-force-
balance absorber to limit detection to a 1 cm linear length at the front surface of the active
scan aperture is recommended for mechanical sector probes, or third-party testing of all
ULTRASONIC TRANSDUCER.

FF.2.1 1 cm aperture in a mask

When a mask is used, its geometry and composition should be such as to eliminate
transmitted acoustic power except that emitted by the designated 1 cm length of the active

area, mem—mrammﬁmm%e—wth the
accuracy and other requirements of this standard.

The s¢ figure
FF.1. afion of
the m ith a
mater s$hould
be at

BOUNI idkness
demo sketch
of a g Atten an coeff|C|ent and mifimum
imped which

are w i i 0dB) and have a loss in the range of
45 dB 9 vided by sandwiching a stdinless
steel, oe reflector between two layers [of the
ultras

For m e mask slit should be aligned with respect
to the aging plane, as illustrated in figure| FF.2.
With mechanical ) 3 ifgear arrays, lateral positioning is critical. [Scan-

head in this regard. It is anticipated that a [BEAM-
ALIGN] ,land a
scan pr the
purpos
FF.2.4
As an unded

acousti wade using a 1 cm-wide radiation-force target. When the 1 cnmp-wide
radiat|lon-force-ba 8 (RFB) target is used, it should be placed immediately in front |of the
scan-head; and its 3€ometry and composition should be such that it detects all of, and only,

the adoystic emissions from a 1 cm-wide strip of the scan-head.

The accuracy and linearity of the measurement of bounded acoustic power should conform to
IEC 61161.

BOUNDED OUTPUT POWER measurements should have an accuracy of 20 % (95 % confidence
level).

To minimize measurement errors due to reverberations, caution should be used to ensure that
reflected acoustic energy does not reflect back onto the target. Further, the orientation of the
target’s long axis should remain perpendicular to the scan plane, as illustrated in figure FF.3.
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1cm
4"/Lining

IR By Absorber
sanawich layer

AT AN absorber

Scanhead
IEC 940/01

Figure FF.1 — Suggested 1 cm-wide aperture mask

RFB target

RFB target

Scanhead

IEC 941/01

Figure FF. obe, mask slit, and RFB target

RFB target
long axis

—,

Scan
axis

Scanhead

Normal to RFB target

IEC 942/01

Figure FF.3 — Suggested orientation of probe, mask slit, and 1 cm RFB target
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Creating a 1 cm azimuthal window using electronic control

Where the EQUIPMENT control scheme and transducer geometry allows, masking a 1 cm linear
length aperture may be accomplished electronically by de-energizing the aperture outside this
area, provided that the oUTPUT POWER emitted within the 1 cm linear length aperture is not
affected by the electronic masking.

Electronic means for masking the active aperture for a 1 cm linear length aperture is
recommended where feasible with electronically controllable linear arrays (sequenced,

phase

d, or combination).

FF.4

While
origin
MODE,
proce

In loc
the la

The 1
allowi
aperty

Measurement of BOUNDED OUTPUT POWER

the remaining BOUNDED OUTPUT POWER should be
jures in IEC 61161.

neasurement accuracy from the,.1 cm
ng forward passage of all the Qusti

t that
NNING
o the

ified as
ength
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Annex GG
(informative)

Rationale and derivation of index models

This annex provides a summary rationale and derivation guidance for the formulas presented
in the body of this standard for MECHANICAL INDEX and THERMAL INDEX. Numerous references
are made to the root publications from which the formulas were derived. As will be discussed
in the derivation notes that follow, key parts of the MI and TI models rely heavily on

exper mentat-data—Thisanmex—doesrnot attempt—to domore—thandescriberetevantresplts of

the experiments. A thorough reading of the referenced papers is strongly recommended in

order o obtain a full understanding of the model derivation notes presepted herein(

The relationship of various acoustic output parameters (for examp intensity,

presslire, power, etc.) to biological endpoints is not well unde sént| time.

Evidepce to date has identified two fundamental mechanisms, -0( 8 eghanidal, by

which|ultrasound may induce bio-effects [3], [17]. This stapdard provide®’ a\uniform megns for

the calculation of acoustic output parameters relevant_to jal biological effects.

The r4

1. th ing in vivo with regard
tolmechanical and thermal bio-effesis. It is t indices were choden as
op ‘ élation to bio-effects;

2. th evels should be maintaingd at a
le

GG.1| Definition spec

The definitions giyen ) if mQt noted otherwise. As an additional defihition,

POWER PARAMET@ ¢ d

GG.1.

beam he numerator of the general THERMAL INDEX relationship

Pp =TI Pgeg (GG{1.1-1)

wheré

TI

Pp s the RPOWER PARAMETER in milliwatts; and

Pgeg Js\the estimated power in milliwatts necessary to raise the target tissue 1 °C, baged on

he thermal models discussed In annex DD.
Symbol: P,

Unit: milliwatt, mW

GG.1.

Isata

K
Pp

2 Additional list of symbols used in this annex
spatial-average, TEMPORAL-AVERAGE INTENSITY

thermal conductivity
POWER PARAMETER
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GG.2 MECHANICAL INDEX (MI)

GG.2.1 Rationale

A MECHANICAL INDEX is selected as the value to be calculated as an indicator related to
mechanical effects. The index is intended to estimate the potential for mechanical bio-effects.
Examples of mechanical effects include motion (or streaming) around compressible gas
bubbles as ultrasound pressure waves pass through tissues, and energy released in the

collapse, via cavitation, of transient gas bubbles.

While no adverse mechanical bio-effects have been reported to date in humans from
exposjure to ultrasound output levels typical of ULTRASONIC DIAGNOSTIC E everal
obseryations have contributed to the development of the MECHANICAL INDEp

— Inllithotripsy, mechanical bio-effects are induced by ultrasound witf in the
same range as are sometimes used in diagnostic imaging, a ifferent
frgquencies.

— In|vitro experiments and observations with lower organ d the
possibility of cavitation at ultrasound peak pressures some
UL[TRASONIC DIAGNOSTIC EQUIPMENT [6].

— Lung haemorrhage has been demonstrated in mice sound
simi been
demonstrated in adult mice, similar e

No clear conclu3|on has been drawn or_th uman

expos at the

calcul bss of
the pg more
likely.

GG.22 Derivation rjote

The cpnditions ¢ f/mechanical effects are not yet well undergtood;

however, it is genefa kelihood increases as PEAK-RAREFACTIONAL ACQUSTIC

PRESS [ z g the ultrasound frequency increases. Further, it is

gener hold gffect such that no effect occurs unless a certain putput

level i e

While |thg eXi Tl experimental data [5] suggest a linear frequency relationship, 4 more

conse v S : relationship is selected. The MECHANICAL INDEX is defined as

Peaf -1/2
mr = Fralawt gor p s <4MHz (GGJ2.2-1)
Cur
where
Cyr = 1 MPa MHz-1/2; and
Ml =L for f,c >4 MHz (GG.2.2-2)
where
Cur = 1 Mpa;

pra  is the ATTENUATED PEAK-RAREFACTIONAL PRESSURE in megapascals;
fawi is the ACOUSTIC-WORKING FREQUENCY in megahertz.
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The choice of a homogeneous tissue model and a derating factor of 0,3 dB cm-1 MHz-1 is
a compromise. Other attenuation models were evaluated and rejected, such as fixed distance
models [11] and the use of a homogeneous tissue model with an attenuation factor of
0,5 dB cm-1 MHz-1, a value more representative of many radiological and cardiac imaging
applications. However, use of more than one attenuation model would entail an increase in
EQUIPMENT complexity and could create a further need for user input to select appropriate

attenuation schemes.

It is not felt that the extra complexity in attenuation modelling is justified given the level of
understanding of the conditions required to produce mechanical bio-effects. With the selected,
compromise attenuation model, the MECHANICAL INDEX is simple to implement and use and,

most [mportantly, sufficient to allow users to minimize acoustic output and_any correspgnding
potential mechanical bio-effects.
GG.3| THERMAL INDEX (T1)
GG.31 Rationale
The relationship between thermal rise and tissue bio-eff (numerous
studiess [11] and while present acoustic output measuren
P OUTPUT POWER,
It [TEMPORAL-AVERAGE INTENSITY, and
Ispta [SPATIAL-PEAK TEMPORAL-AVERAG
are npt individually suitable as indicator rature
rise, ¢combinations of these paramet an be
used fo calculate indices wh ' bone.
Becayse of the diffighlties\of ar ssible
ultraspund scan planes ofAh an simplified models based on average conditions
are (ysed. Thr INDEX categories corresponding to different
anatomical com bone encountered in imaging applications are
defingd (see table ses one or more 77 models which are calculated on
the basis of info MENT, including transducer aperture or acoustic|beam
dimensions and t
Q able GG/1 — THERMAL INDEX categories and models
D\ \/ THERMAL INDEX models
RMAL INDEX category
Scanned mode Non-scanned mode
TIS (soft tissue) A. Soft tissue at surface B. Large aperture
C. Small aperture

TIB (bone at focus) A. Soft tissue at surface D. Bone at focus

TIC (bone at surface) E. Bone at surface

The SOFT-TISSUE THERMAL INDEX (71S) is based on three soft tissue models. Two models cover
small and large aperture cases for NON-SCANNING MODES, such as Doppler and M-mode.
The remaining model covers SCANNED MODES, such as colour flow mapping and B-mode.

The BONE THERMAL INDEX (7T1B) uses, for NON-SCANNING MODES, a model in which bone is
located in a focal region (such as may occur in second and third trimester foetal applications).
For SCANNED MODES, the soft tissue model is used because the temperature increase at the

surface is typically greater than, or about the same as, with the bone at the focus.
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The cranial BONE THERMAL INDEX (7IC) is based on a model with bone located close to the
surface (such as in adult cranial applications). The cranial bone model is used with both
the NON-SCANNING MODE and the SCANNED MODE.

GG.3.2 General derivation of the parameters
GG.3.2.1 THERMAL INDEX

In this annex the THERMAL INDEX, 717, is defined by the relationship

p

oy

— 13.2-1)
Pdeg

wherg
Pp s the POWER PARAMETER as defined in this annex, and

Pgeg |s the estimated power necessary to raise the target tiss ermal

models discussed in this annex.

The derivation of the temperature rise estimation modets f four

key cancepts/parameters.

GG.3.
Thes¢ UusTIC
ATTEN y the
subsc red in
water
13.2-2)

wherg
P
a t
fawf
z
The A

Tptaa(2) = Topta(2)1000 /2wt 210 (mwy cm-2) (GGJ3.2-3)
wheré

Izpta(z) is the SPATIAL-AVERAGE, TEMPORAL-AVERAGE INTENSITY, at distance z, in milliwatts per
square centimetre,

a is the ACOUSTIC ATTENUATION COEFFICIENT in decibels per centimetre per megahertz,
Sawf is the ACOUSTIC-WORKING FREQUENCY in megahertz, and
z is the distance from the source to the specified plane in centimetres.
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GG.3.2.3 Derivation of the EQUIVALENT BEAM AREA

The EQUIVALENT BEAM AREA, A4gq, is defined as

Py(z P
gy = ) (cm?)
Izpta,a(z) [zpta(z)
where
Py(2) is the ATTENUATED OUTPUT POWER, at distance z, in milliwatts,

(GG.3.2-4)

Izpta,a(z) _is the ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY, at distance z, in milli-

watts per square centimetre,

P is the OUTPUT POWER in milliwatts,

Izpta(z is the SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY, at di
square centimetre, and

z is the distance from the source to the specified point

GG.3.2.4 Derivation of the EQUIVALENT BEAM DIAMETER

The EQUIVALENT BEAM DIAMETER, dgq, is defined as

atts per

(GG.3.2-5a)

where
Aeq is the EQ
Pq is the ATTENUA
Izpta,af | TEMPORAL-AVERAGE INTENSITY in milliwatts per gquare
A mini ) . ¢ millimetre (0,1 cm) is assumed because of the practical
difficu i Y these
derivgti
deqg(2) = maxH iAeq(z), 0,1H (cm)
Hn a
(GG.3.2-5b)

P,
= max %,O —a O,@ (cm)
0 T[Izpta,a 0

This minimum beam-width assumption is referred to in context in later sections of this annex.
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GG.3.2.5 The location of the maximum temperature increase (z¢,max)

This parameter depends on the imaging conditions. The maximum temperature increase is
assumed to be near the surface if the ultrasound beam passes through bone near the surface
or if the ultrasound beam is automatically scanned. For NON-SCANNING MODES with bone in a
focal region, the maximum temperature increase will be at the focal region. For NON-SCANNING
MODES in soft tissue, the maximum temperature increase may be at the surface or at a deeper
location. The interaction between acoustic beam dimensions and the cooling effect of
perfusion determines the depth of maximum temperature increase. A low perfusion rate is
assumed with a heat perfusion length of 1 cm. This translates to a situation where, for BEAM-
AREAS less than 1 cm2, ACOUSTIC POWER is the relevant POWER PARAMETER and for BEAM-AREAS

great rthan 1 cm2 acoustic intensity multinlied bv 1 cm2 is the relevant POWER PARAMETER
7 J Ll J .

GG.33 Models

As dislcussed in section GG.3.1 and in table GG.1, three THERMAL INDI i /S, the
TIB and the TIC. Five different thermal rise est|mat|on models are~yuseq i 71s as
defined in annex DD of this standard. For the purposes of discidssior ' g se five

models are identified as noted in table GG.2.

The three soft tissue at surface models (A, B and yn ical and
experimental treatise [9], [15]. Accordingly, the mediating : ise [is the
absorbed power per unit scan length, uqf[P/X], whig i the efféct of frequency pn the

, coefficient). A serjes of
length that causes a 1 °C

tempdrature rise (where gy is the fr

rise af the skin surface produced results\centked

X0 (GGJ3.3-1)
ofithe podels. A careful study of Curley [9] is $trongly

as selected at y, = 0,8 dB cm-1 MHz-1, a|value

NOTE | This is a key concept{in the_development
recommended to ensure a thorouy

For this study, the.acousti

typical of soft t|§% v usiop rate for soft tissue has been estimated as the
cardigc output di d 3 \ esulting in a corresponding typical perfusion |ength
of 1,00 cm. Selecting ength, X, as the perfusion length and combining|these

experimental appfoxi } ation GG.3.3-1 results in the power required to cguse a
1 °C temperat i =

(21 mW /cm?) (1,0cm) 210

- = (mW) (GGJ3.3-2)
(0,1dB/cm - MHZ) (fawt MHZ) ~ fatw

This Pgeg(formula 18" shared by all three soft tissue models. In this standard, the value of
210 mWAMHz is incorporated in constants Ct|s1 and Ctis2.

GG.3.3.1 Soft tissue at surface [TIS(scanned), TIB(scanned)] derivation notes

As noted in GG.3.3, temperature increase is determined by power per unit length in the scan
direction.

; (mW/cm) (GG.3.3.1-1)
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If the scan width of the active aperture is longer than the assumed heat perfusion length of 1 cm,
then the source power may be measured by a force balance using either an intermediary
absorbing mask with a 1 cm window in the scan direction or an equivalent electronic window.
Power from the central 1 cm of the radiating or active aperture is measured (see figure FF.2).
For active apertures having a scan width less than 1 cm, no mask is necessary. The result of
these power measurements, the BOUNDED OUTPUT POWER, designated P4, is the POWER PARAMETER
used in the numerator of the general 77 formula (equation GG.3.2-1).

Combining the BOUNDED OUTPUT POWER, P4, with the power required to cause a 1°C
temperature rise, Pgeg, (equation GG.3.3-2) into the general 77 formula GG.3.2-1 yields the
soft tissue at surface model

P
7s, 71 = £1.Sawt 6613)3.1-2)
Cris1

where¢
C1is1 F 210 mW MHz.

Table GG.2 — THERMAL INDEX formul
TRANQ
Name /\\Qrm Ia\\/

A] Soft tissue at surface
T1S (scanned)

T1B (scanned)

(se DD.5.1 and DD.1.5.2)

B| Large aperture (4,p > 1 cm?2)
— Rax s ; Dpa Sawt [zpta,a Sawt al
T1S (non-scanned) TISS "N45 D (min 3 s i
~“req g g Cnst Cris2

fe DD.4.1.2) ) N =

N
C| Small aperture (4,5 1 cM2) \J
P
T1S (non-scanne > s = Cfan
ISt
(see DD.4.1.3)
D| Bone at focus \/ D{Pa Iptaa P
s (mom. / TIB = min P2l
(non-scannéd) H Ciet Crezj
(see DD.4
E| Bone at urfacN N
P/Dyq
rlc TIC = ———
Cric
(see DD.4.

GG.3.8.2” Large aperture (4 > 1 cm?2) [TIS(non-scanned)] derivation notes

—
(7))

oogd

The perfusion assumption (1 cm heat perfusion length) is critical to determining the location of
maximum temperature increase. Theory derived for a heated cylinder suggests that if
the BEAM AREA is less than 1 cm2, the power in the beam controls the temperature rise [11].
If the BEAM AREA is greater than 1 cm2, intensity controls the temperature rise. Therefore, the
POWER PARAMETER 77 used in the numerator of the general formula (equation GG.3.2-1) for
narrow beams [EQUIVALENT BEAM AREA, dgq = 1 cm2] is the ATTENUATED OUTPUT POWER, Pg,
and for broad beams [dgq > 1 cmZ2] the POWER PARAMETER is the ATTENUATED SPATIAL-PEAK
TEMPORAL-AVERAGE INTENSITY across 1 cm2, I pa o X 1 cm2. Thus, for any location on the
beam axis, the local POWER PARAMETER is

min (Pa)(lzpta’a x 1cm2] (mW) (GG.3.3.2-1)
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To avoid inaccuracies introduced by attempting to measure intensities in the acoustic near
field, a BREAK-POINT DEPTH, zpp, is defined equal to one-and-a-half times the EQUIVALENT
APERTURE DIAMETER, Dgg.

Zbp = 1,5 Deq  (cm) (GG.3.3.2-2)

The BREAK-POINT DEPTH, zpp, can be derived from the —12 dB OUTPUT BEAM AREA, Agprt:

%psz%@mzmw/%m (cm) (GG.3.3.2-3)

For the purposes of this standard, the maximum temperature increase is\a 3 at the
locatign at or beyond the BREAK-POINT DEPTH, zpp, that maximizes the docal FOv METER
(equation GG.3.3.2-1). The resulting POWER PARAMETER for the beag

max Hi a (1 2
in A7, x1cm 13.2-4)
z>1,5 Deq Hn U’)' zpta,a

NOTE : i } Deq has been substituted
for z,, |

Comb quired
to cause a 1 °C temperature rise, 3 rmula

GG.3.

3.2-5)

wherg

Crist1F
Cris2 FF

NOTE es the 1 cm2 factor in equation GG.3.3.2-4 with the 210 mW-MHz
factor f e difference in units between Cy g4 and Cyiso.

Exam

The |4 1 cm2) model describes a transducer for which the entranc¢ area

is grgater than . Figures GG.2a, GG.2b, GG.2¢c, and GG.2d illustrate examples of
possible locations and values of the POWER PARAMETER (equation GG.3.3.2-4). These fjgures
demonstrate examples of possible relationships between the intensity (/pta,q X 1 cm%) and
powerL(Rg) curves. Values within the region less than the BREAK-POINT DEPTH (z < zy5) alre not
considered.

It is helpful to consider what these curves indicate about beam focusing. The EQUIVALENT
BEAM AREA, Agq, is the ratio of Py to I;pta o, In regions where the intensity curve is below (less
than) the power curve, the EQUIVALENT BEAM AREA is greater than 1 cm2. Where the intensity
curve is above (greater than) the power curve, the EQUIVALENT BEAM AREA is less than 1 cm2.
The EQUIVALENT BEAM AREA is 1 cm2 where the curves intersect.
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Figure GG.2a might represent a focused transducer with a large aperture. It shows a focused
beam for which the EQUIVALENT BEAM AREA first decreases to 1 cm2, that is, the curves
intersect at a depth greater than the BREAK-POINT DEPTH (curve intersections in the near field
are ignored). The maximum value of the local POWER PARAMETER is found at this intersection.
The power value, P, at the intersection is the POWER PARAMETER, and the location is denoted z1.

Figure GG.2b might represent a focused transducer with somewhat smaller aperture (but still
greater than 1 cm2). At the BREAK-POINT DEPTH, the EQUIVALENT BEAM AREA is already less than
1 cm2. The maximum value of the local POWER PARAMETER is the derated power at the BREAK-
POINT DEPTH, and z4 is the BREAK-POINT DEPTH.

Figurg GG.2c might represent a focused transducer with a weak (4¢q >—~cm2) focys just
beyond the BREAK-POINT DEPTH. This local intensity maximum may result from\the' elejvation
focus [of a rectangular aperture transducer or, perhaps, a near-field effe e REAK-
POINT|DEPTH. In this example, the location, z4, of the local POWER PARA B i h is at

Figurg GG.2d represents a weakly focused transducer. The Y lways
exceelds 1 cm2. While such an example is unlikely in diagnosti S ications, the
example is provided for the sake of a complete under i 5 OWER
PARAMETER is the intensity curve. The POWER PARAME is t 3
i.e., the Iypta,q, @and z4 is at the location of the I,p5 4

zpta,ar

NOTE | In this example, the I,,, , is located aj/a d

GG.3.3.3 Small aperture (4;prt < 1 cm2) []

The small aperture (4aprt < 1 cm2) model describes a transducer for which the apertur¢ area
is lesg than 1 cm2. In thi dis cun GG9.3.2, power controls the temperature
incredse. The location of mpaximgym powex an

incregdse is at the surfage. ' RAM TER for the beam is the OUTPUT POWER, P.

Combjning the ith 8 _power required to cause a 1 °C temperaturg rise,
Pgeg, |(equation O the gengral 77 formula GG.3.2-1 yields the small aperture
(4aprt|< 1 cm2) mo

P
ris = £Jawt (GG.3J3.3-1)

where
CTis1F 210 m

GG.3.3.4” Bone at focus [TIB (non-scanned)] derivation notes

For the bone at focus model, the location of the maximum temperature increase is at the
surface of the bone located at the DEPTH FOR T1B, zy,, where the DEPTH FOR TIB is the depth at
which the TIB expression is a maximum. The POWER PARAMETER for the beam is the
ATTENUATED OUTPUT POWER, Pg.

NOTE The conservative assumption here is that the bone resides at the location where the TI/B expression is a
maximum.
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