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FOREWORD

This amendment has been prepared by IEC technical committee 87: Ultrasonics.

The text of this amendment is based on the following documents:
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o voting indicated in the above table.

pliblication will be

FDIS Report on voting
87/661/FDIS 87/665/RVD

L1l information on the voting for the approval of this amendment can be found in the -repqgrt

ne committee has decided that the contents of this amendment and the base’publication wjll
main unchanged until the stability date indicated on the IEC) website under
ttp://webstore.iec.ch" in the data related to the specific publication, "At this date, the

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

bilingual version of this publication may be issued at a later date.

Introduction to Amendment

ne second edition, of IEC 62359 was published in 2010. Since the
C 60601-2-37:200%/AMD1:2015 has been published and calls for provision of attenuate

=)

o 0 Q

b

positions. AEC 62359 for determining the thermal indices currently uses similar values at oth
positions;-therefore, the determination of attenuated spatial peak temporal average
intensity, /g,
adlded-as an annex in this amendment.

jerage intensity, /., ,, at specific spatial maximum points in the ultrasonic field on t

patial peak temporal average intensity, Ispta, o and attenuated spatial peak puj
am axis. No\lEC standard describes the determination of these quantities at these specifj

W
-

ta,o» @nd attenuated spatial peak pulse average intensity, Isppa, has begn

Additionally, references to newly published collateral standards have been updated.
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IEC 2017
Normative references

Replace the first reference by the following:

IEC 60601-2-37:2007, Medical electrical equipment — Part 2-37: Particular requirements for
the basic safety and essential performance of ultrasonic medical diagnostic and monitoring
equipment

IEC 60601-2-37:2007/AMD1:2015
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pplace the second rererence by the rollowing:

C 61157:2007, Standard means for the reporting of the acoustic output of (medic
agnostic ultrasonic equipment
C 61157:2007/AMD1:2013

pplace, in the third reference, "IEC 61161:2006" by "IEC 61161:2013".
eplace the fifth reference by the following:

C 62127-1:2007, Ultrasonics — Hydrophones — Part 1: Measurement and characterization
edical ultrasonic fields up to 40 MHz
C 62127-1:2007/AMD1:2013

Terms and definitions
eplace the first existing paragraph by the following new paragraph:

br the purposes of this document, theZterms and definitions given in IEC 60601-2-3
C 62127-1, IEC 62127-2, IEC 62127-3,IEC 61157 and IEC 61161 apply. Several of thes
e repeated below for convenience and others are listed because they have been modifig
r application to this standard.

3
coustic repetition period

eplace the existing definition by the following new definition:

e interval between:corresponding points of consecutive cycles, pulses or scans, dependirn
the current operating mode

Hd the follewing new NOTES 2 and 3:

DTE 2 jyFor continuous wave modes, the acoustic repetition period is the time interval between correspondi
ints”of consecutive cycles

K

NOTE 3 For combined operating modes where transmit pulsing of the constituent modes may be interrupted,
the arp determination should take into account non-pulsing time to calculate an average period.

Replace "NOTE 2" by NOTE 4".

3.

4

acoustic working frequency

Replace, in the existing definition, the words "at the position corresponding to the spatial-
peak temporal-peak acoustic pressure" by "on the beam axis, beyond the break-point
depth, corresponding to depth of maximum pulse-intensity integral an'-"

Replace, in existing NOTE 2, the words "at the position of maximum pulse-pressure-squared
integral" by "at the depth for peak pulse-intensity integral".
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3.7
attenuated peak-rarefactional acoustic pressure

Replace, in the existing definition, the words "at a specified distance from" by "on a plane
perpendicular to the beam axis at a specified distance z from".

Replace, in the definition list after Equation (2), the words "z is the distance from the external
transducer aperture to the point of interest" by "z is the distance from the external
transducer aperture along the beam axis to the plane containing the point of interest".

38
aftenuated pulse-intensity integral

Replace, in the definition, the words "at a specified distance from" by "on ‘a,plane
pérpendicular to the beam axis at a specified distance z from".

Replace, in the definition list after Equation (3), the words "z is the distance from the externpl
transducer aperture to the point of interest" by "z is the distance,from the externpl
transducer aperture along the beam axis to the plane containing the pgint of interest".

Replace "NOTE" by "NOTE 1".

Afd new NOTE 2:

NOTE 2 For measurement purposes of this standard, pii, is equivalent to 1/(pc) times the attenuated pulse-
pressure-squared integral at depth z, with pc denoting the characteristic acoustic impedance of pure water.

39
aftenuated spatial-average temporal-average.intensity

Replace, in the definition, the words "at\‘a specified distance from" by "on a plane
peérpendicular to the beam axis at a specified distance z from".

Replace, in the definition list after Equation (4), the words "z is the distance from the externEI
transducer aperture to the point’ of interest" by "z is the distance from the extern
transducer aperture along thexbeam axis to the plane containing the point of interest".

310
aftenuated spatial-peak temporal-average intensity

Replace, in the definition, the words "at a specified distance from" by "on a plane
peérpendicular to/the’-beam axis at a specified distance z from".

Replace, in{the definition list after Equation (5), the words "z is the distance from the externEI
transducer) ‘aperture to the point of interest" by "z is the distance from the extern
transducer aperture along the beam axis to the plane containing the point of interest".

34
attenuated temporal-average intensity

Replace, in the definition, the words "at a specified distance from" by "on a plane
perpendicular to the beam axis at a specified distance z from".

Replace, in the definition list after Equation (6), the words "z is the distance from the external
transducer aperture to the point of interest" by "z is the distance from the external
transducer aperture along the beam axis to the plane containing the point of interest".

3.13
beam-axis

Replace the term "beam-axis" by "beam axis".
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3.17
bone thermal index

Delete, in the definition, "or neonatal cephalic (through the fontanelle)".

3.19
break-point depth

Add, after the existing definition, the words "acoustic working frequency and intensi
parameters (such as attenuated spatial-peak temporal-average intensity)"

ty

Apd, after "where Dgq is the equivalent aperture diameter" the words "for non-scannin
modes".

Replace the existing NOTE 2 by the following new note:

NOTE 2 For scanning modes, use the non-scanning mode D_, value calculation [Equatien/(8)]. Do this usi
the output beam area of one ultrasonic scan line; the central scan line, corresponding to the beam axis (i.e. t
line where pii MI, and f,,.are measured).

3421

cranial-bone thermal index

Replace the existing definition by the following new definition:
thermal index for applications in which the ultrasound béam passes through bone near tH

bgam entrance into the body, such as paediatric and adult cranial or neonatal cephal
applications

322
default setting

Replace, in the definition, "ultrasonic diagnostic equipment" by "medical diagnost
ultrasonic equipment".

3423
depth for mechanical index

Replace, in the definition, the~-words "to the plane of maximum attenuated pulse-intensi

(Hpsi )"
Afd new NOTE 1:

NOTE 1 Because\z,, may occur closer to the transducer than the break-point depth z
pi{, is technicallymore appropriate. If z . ~is larger than Zpp» thenz . and z,;

ppsi,a ppsi,o ii,a

bp» US€ of ppsi, rather th
are equal.

Replace™NOTE" by "NOTE 2".

integral (pii,)" by "to the\plane of maximum attenuated pulse-pressure-squared-integral

g

g
he

e
ic

(4

3

AN

324

depth for peak pulse-intensity integral

Replace the existing term, definition and note by the following new term, definition and notes

3.24
depth for maximum pulse intensity integral

depth z on the beam axis and beyond the break-point depth Zpp from the external
transduscer aperture to the plane of maximum pulse-intensity integral (pii) as

approximated by the pulse-pressure-squared integral (ppsi)

NOTE 1 Depth for maximum pii is expressed in metres (m).

NOTE 2 Depth for maximum pii is termed “"depth for peak pulse-intensity integral"
IEC 60601-2-37:2007/AMD1:2015.

in
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NOTE 3 At this depth the acoustic working frequency is determined.

3.27
Discrete-perating mode
Replace the term "Discrete-perating mode" by "discrete-operating mode".

Replace, in the definition, "ultrasonic diagnostic equipment" by "medical diagnostic
ultrasonic equipment".

3.28
equivalent aperture diameter

Replace the existing definition and equation by the following new definition and equation:

=J

diameter of a circle the area 4 of which is the —12 dB output beam area 4, for no
s¢anning modes and the —12 dB scanned aperture area 4, for scanning modes, given by

Dy = =4 ®)

e
a T

Replace the existing NOTE 1 by the following new note:

NOTE 1 Equation (8) is used in the calculation of the cranial-bone thermal index; for non-scanning modes with
AF A4,, and for scanning modes with 4 = 4__.

Afd new NOTE 2:

NOTE 2 Equation (8) with 4 = 4, is also used in calculating the break-point depth.

Replace "NOTE 2" by "NOTE 3".

333
medical diagnostic ultrasonic equipment

Replace "NOTE" by "NOTE 1"

Afld new NOTE 2:

NOTE 2 IEC 60601-2-37:2007 uses the term "ultrasonic diagnostic equipment" instead of medical diagnosiic
ulfrasonic equipment.

34
pbn-scanning-mode

3

n

Replace, (in" the definition, the words "ultrasonic diagnostic equipment"” by "medichpl
diagnostic ultrasonic equipment".

3137
output power

Replace, in the source, "IEC 61161:2006" by "IEC 61161:2013".

3.40
prudent-use statements

Replace the existing definition by the following new definition:

affirmations of the principle that only necessary clinical information should be acquired and
that high exposure levels and long exposure times should be avoided
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3.44
pulse repetition period

Add new NOTE 1:
NOTE 1 In general, for non-scanning modes the pulse repetition period needs to be adjusted to represent

‘per-second’ average taking into account interruptions-in, or non-constant, pulsing; e.g. such as may occur
combined operating modes.

Replace "NOTE" by "NOTE 2".

a
in

349
s¢anning mode

dijagnostic ultrasonic equipment".

3{54
spatial-peak temporal-average intensity

Replace the existing NOTE 1 by the following new note:

NOTE 1 For systems in combined-operating modes, the averaging time periodviieeds to be sufficient to inclu
pgriods in which scanning or pulsing is interrupted.

3]56
thermal index

attenuated output power"

Afld the following new definitions:

Replace, in the definition, the words "an ultrasonic diagnostic equipment" by "amedichpl

Replace, in the definition, the two occurrences of the words " attenuated acoustic power” by

e

3/61

instantaneous acoustic pressure

r()

pfessure minus the ambient pressure at a particular instant in time and at a particular point jn

am acoustic field

NOTE Instantaneous acoustic préssure is expressed in pascals (Pa).

[JOURCE: IEC 62127-1;2007, 3.33, modified — The reference to IEV 801-01-19 has begn

rgmoved in the defidition]

362

aftenuated/instantaneous acoustic pressure

P4(z:0)

vc lue .of<“the instantaneous acoustic pressure at time ¢ after attenuation on a plane

p}rpendicular to the beam axis at a specified distance z from the source, and given by
p.(z1)=plz, t)m(—azfawf/zo dB) (26)

where

a is the acoustic attenuation coefficient;

z is the distance from the source to the point (plane) of interest;

Sawf is the acoustic working frequency;

plz,1) is the instantaneous acoustic pressure

NOTE Attenuated instantaneous acoustic pressure is expressed in pascals (Pa).
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3.63
attenuated pulse-pressure-squared integral

ppsi,(z)

time integral of the square of the attenuated instantaneous acoustic pressure, integrated
over the acoustic pulse waveform, on a plane perpendicular to the beam axis at a specified

distance z in an acoustic field

ppsi, (z) = J.paz(z,t)dt =J.[p(z,t)‘l0(’0‘Zf5‘Wf/20 dB)]Zdt = ppsi(z)x‘10(’0‘Zf5‘Wf/10 a8) (27)
where
plz ) is the instantaneous acoustic pressure at depth z.
a is the acoustic attenuation coefficient;
z is the distance from the source to the point (plane) of interest;
AW is the acoustic working frequency;
pisi is the pulse-pressure-squared integral

NQTE 1 Attenuated pulse-pressure-squared integral is expressed in pascal squared seconds (Pa2s).

NOTE 2 See definition 3.43 for the non-attenuated version; with the additionh |here of the perpendicular plane
dgpth z.

364

aftenuated scan intensity integral

sif . (z)

sim of the attenuated pulse intensity integralsdnyone scan (one frame of ultrasonic sca
lines) at depth z

NQTE 1 Attenuated scan intensity integral is expressed in joules per square metre (Jm=2).

NOTE 2 For measurement purposes of this standard, sii (z) is equivalent to 1/(pc) times the sum of attenuat
pulse-pressure-squared integrals at depth zfor z 2 z,__, with pc denoting the characteristic acoustic impedance

bp’
pyre water.

NOTE 3 See definition 3.79 for the nan-attenuated version.

365

aftenuated spatial-peak.pulse-average intensity
I9ppa,al2)
riaximum value of-the spatial-peak pulse-average intensity after attenuation, on a plar
pérpendicular tothe’beam axis at a specified distance z from the source, and given by

g (2) =y i) (2

n

bd

e

wpere

t4(2) is the pulse duration at the same depth z;

pii,(z) is the attenuated pulse-intensity integral at depth z

NOTE 1 Attenuated spatial-peak pulse-average intensity is expressed in watts per square metre (Wm~2).
NOTE 2 For measurement purposes of this standard, pii (z) is equivalent to 1/(pc) times the attenuated puls

pressure-squared integrals at depth z, ppsi (z), forz 2 z

bp’
of pure water.

NOTE 3 See definition 3.81 for the non-attenuated version.

e-

with pc denoting the characteristic acoustic impedance
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3.66

attenuated sum of pulse-pressure-squared integrals

s,PpSi (2)

attenuated value of the sum of pulse-pressure-squared integrals in one scan (one frame of
ultrasonic scan lines) at depth =

NOTE 1 Attenuated sum of pulse-pressure-squared integrals is expressed in pascal squared seconds (Pa®s).

NOTE 2 The attenuated sum of pulse-pressure-squared integrals at depth z will be equal to the sum of

attenuated pulse-pressure-squared integrals if each ultrasonic scan line in the frame which is included in the
sum-has the same acoustic wnrkinc frnr:unnry

NOTE 3 See F.3.1.4.2 for additional explanation.

NOTE 4 See definition 3.83 for the non-attenuated version.

67

{pth for maximum I,

QN O W

ppa,max
pth z on the beam axis and beyond the break-point depth Zpp of maximum spatial-pegk
Ilse-average intensity

T

NOTE 1 Depth for maximum 7,

sppa IS expressed in metres (m).

NOTE 2 This depth is equivalent to the depth for maximum pii.

68
{pth for maximum 1,

sppa,a

a,a,max
pp?thaz on the beam axis and beyond the break-point depth Zbp of maximum attenuated

batial-peak pulse-average intensity

QN O W

(%]

NOTE 1 Depth for maximum 1,

sppa,a IS expressed ivmetres (m).

NOTE 2 This depth is equivalent to the depth for maximum pii .

3169
d{pth for maximum I,
z

pta,max
pth z on the beam axis.and beyond the break-point depth Zpp of maximum spatial-peak

tgmporal-average intensity

NOTE 1 Depth for maximum 1,

spta 1S expressed in metres (m).

NOTE 2 For non:scanning modes, this depth is equivalent to the depth for maximum pii. For scanning modg
it |s equivalenttosthe depth for maximum sii.

o

3170

depth for maximum I,

ptajd,max

spatial-peak temporal-average intensity

NOTE 1 Depth for maximum I_ is expressed in metres (m).

pta,a

NOTE 2 For non-scanning modes, this depth is equivalent to the depth for maximum pii . For scanning modes,
it is equivalent to the depth for maximum sii .

3.71
depth for maximum pii,

z .o
J’élﬁ)ofh z on the beam axis and beyond the break-point depth Zbp of maximum attenuated
pulse-intensity integral
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NOTE 1 Depth for maximum pii  is expressed in metres (m).

NOTE 2 This depth is equivalent to the depth for maximum ppsi
point depth (see 3.73).

, when z

psia OCCUTS beyond the break-

o prsi’a

NOTE 3 Depth for maximum pii, is termed "depth for peak attenuated pulse-intensity integral" in
IEC 60601-2-37:2007+IEC 60601-2-37:2007/AMD1:2015.

3.72
depth for maximum ppsi

NOTE 1 Depth for maximum ppsi is expressed in metres (m).

b

DTE 2 When it occurs beyond the break-point depth, this depth is equivalent to the depth for-maximum plii,
(see 3.24).

N

phi

73
pth for maximum ppsi,,

%é" Q W

si,a
pth z on the beam axis of maximum attenuated pulse-pressure-squared integral

NOTE 1 Depth for maximum ppsi, is expressed in metres (m).

b

DTE 2 When it occurs beyond the break-point depth, this depth is gquivalent to the depth for maximum pif ,
o (i-e. depth for maximum attenuated pulse-intensity integral).

N

NOTE 3 This depth is the depth for mechanical index, z, , (sege 3:23).
3{74

depth for maximum sii

Lofi

12

Q

epth z on the beam axis and beyond the break-point depth Zpp of maximum scan-intensity
ntegral

NOTE 1 Depth for maximum sii is expresséd in metres (m).

NOTE 2 This depth is equivalent to ‘the depth for maximum sppsi, Z s when z
pgqint depth (see 3.76).

. occurs beyond the break-

sppsi

NOTE 3 Depth for maximum sii is termed "depth for peak sum of pulse-intensity integrals" [in
IEIC 60601-2-37:2007+IEC,60601-2-37:2007/AMD1:2015.

375

depth for maximum sii,
z .
dS lbath z on‘the beam axis and beyond the break-point depth Zbp of maximum attenuated
s¢an-intensity integral

NOTE’} Depth for maximum sii, is expressed in metres (m).

NOTE 2 This depth is equivalent to the depth for maximum sppsi , Zsppsi,o? when z
break-point depth (see 3.77). '

occurs beyond the

sppsi,a

NOTE 3 Depth for maximum sii, is termed "depth for peak sum of attenuated pulse-intensity integrals” in
IEC 60601-2-37:2007+IEC 60601-2-37:2007/AMD1:2015.

3.76

depth for maximum sppsi

z .

dglp,)stlh z on the beam axis of maximum sum of pulse-pressure-squared integrals

NOTE 1 Depth for maximum sppsi is expressed in metres (m).
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NOTE 2 When it occurs beyond the break-point depth, this depth is equivalent to the depth for maximum sii, z,
(see 3.74).

i

NOTE 3 Depth for maximum sppsi is termed "depth for peak sum of pulse-intensity integrals" in
IEC 60601-2-37:2007+IEC 60601-2-37:2007/AMD1:2015.

3.77
depth for maximum sppsi,,

z .

sppsi,a B .

depth z on the beam axis of maximum sum of attenuated pulse-pressure-squared
integrals

NOTE 1 Depth for maximum sppsi_is expressed in metres (m).

NOTE 2 When it occurs beyond the break-point depth, this depth is equivalent to the depth for maximum sif
z ) (see 3.75).

a’

NOTE 3 Depth for maximum sppsi, is termed "depth for peak sum of attenuated pulse-intensity integrals” |in
IEIC 60601-2-37:2007+IEC 60601-2-37:2007/AMD1:2015.

3]78

pllse-average intensity

I

Ha . . e . . s
gliotient of the pulse-intensity integral to the pulse duration at a particular point in an
agoustic field

NOTE 1 This definition applies to pulses and bursts.

NQPTE 2 Pulse-average intensity is expressed in watts per square-metre (Wm=2).

[

EC 62127-1:2007+1EC 62127-1:2007/AMD1:2043,3.47]

379

s¢an intensity integral
sif
sim of the pulse intensity integrals*in one scan (one frame of ultrasonic scan lines) at
d¢pth z in the acoustic field

NQTE 1 Scan intensity integral islexpressed in joules per square metre (Jm=2).

NOTE 2 For measurement purpobses of this standard, sii is equivalent to 1/(pc) times the sum of pulse-pressure-
squared integral at depth,z Where pc is the characteristic acoustic impedance of pure water.

3480

s¢an repetition ‘rate

s

inverse of-the scan repetition period (see 3.50)

NOTE ( Scan repetition rate is expressed in hertz (Hz).

384
spatial-peak pulse-average intensity

Isppa(z)
ppa . . . .
maximum value of the pulse-average intensity on a plane perpendicular to the beam axis at

a specified distance z from the source, and given by

L oppa(2)= L)pz'l'(Z) (29)

ty(z

where
ty(z) is the pulse duration at the same depth z;

pii(z) is the pulse-intensity integral at depth =z
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NOTE 1 Spatial-peak pulse-average intensity is expressed in watts per square metre (Wm=2).

NOTE 2 For measurement purposes of this standard, pii(z) is equivalent to 1/(pc) times the pulse-pressure-
squared integral at depth z, ppsi(z), for z 2 Zppr with pc denoting the characteristic acoustic impedance of pure
water.

NOTE 3 See IEC 62127-1:2007, 3.60, which has been modified to specify the perpendicular plane at depth z.
Equation (29) and Note 2 have been added, in accordance with IEC 62127-1:2007, Equation (15).

3.82

sum of attenuated pulse-pressure-squared integrals

sppsie) :

sim of the attenuated pulse-pressure-squared integrals in one scan (one frame
ultrasonic scan lines) at depth z

NQTE 1 Sum of attenuated pulse-pressure-squared integrals is expressed in pascal squared seconds (Pa’s).
NOTE 2 Closely related to the attenuated scan intensity integral, see 3.64.

NOTE 3 The sum of attenuated pulse-pressure-squared integrals at depth z will be jequal to the attenuat
sym of pulse-pressure-squared integrals at depth z if each ultrasonic scan line in_the, frame which is includ
in|the sum has the same acoustic working frequency.

3/83

sum of pulse-pressure-squared integrals

shpsi(z)

sim of pulse-pressure-squared integrals in one scan (one-frame of ultrasonic scan linep)
af depth z

NPTE 1 Sum of pulse-pressure-squared integrals is expresséd in pascal squared seconds (Pa?s).

pr

4

DTE 2 The sppsi at depth z may also be referred to as the scan pulse pressure squared integral and

bportional to the scan intensity integral for z 2 Zpp-

List of symbols

pplace the symbols "TIB g o." and\“T1B ¢ ng" by "TIC,." and "TICs".

eplace "depth for peak pulse-intensity integral” by "depth for maximum pii".

Of

S
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Add the following new symbols:

- 13 -

R
by

D

1

4.2.1

Isppa spatial-peak pulse-average intensity

Isppa,a attenuated spatial-peak pulse-average intensity

Itq temporal-average intensity

ppsiy, attenuated pulse-pressure-squared integral

sii scan intensity integral

sii, attenuated scan intensity integral

sppsi sum of pulse-pressure-squared integrals

S, PP attenuated sum of pulse-pressure-squared integrals
sppsiy, sum of attenuated pulse-pressure-squared integrals
srr scan repetition rate

Zpiia depth for maximum pii,

Zppsi depth for maximum ppsi

Zppsia depth for maximum ppsi,

Zgji depth for maximum sii

Zgiia depth for maximum sii,

Zsppa,max depth for maximum I,

Zsppa,umax ~ depth for maximum I, ,

Zspta,max depth for maximum /g,

Zspta,a,max

Zsppsi

Zsppsi,a

General

depth for maximum Ig,,,

depth for maximum sppsi
depth for maximum sppsi,

eplace, in the first and second paragraphs, the words "ultrasonic diagnostic equipment"

"medical diagnostic ultrasonic equipment".

elete, in the Subclause's title, "(= TIB

Determination ' of bone thermal index at surface for non-scanning mode
TIC, (= TIR

as,ns)

as,ns)"'

eplacethe existing Equation (17) by the following new equation:

PID,,

TIC=—¢
TIC

(17)

Replace, in the definition list below Equation (17), the words "is the equivalent aperture
diameter" by "is the equivalent aperture diameter; calculation for non-scanning modes as
described in 3.28 using the output beam area 4,,".

Replace the existing note by the following new note:

NOTE TIC, applies to the bone-at-surface case for non-scanning modes.
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5.5.2.1 Determination of bone thermal index at surface for scanning modes,
TICg, (= TIBaS,Sc)

Delete, in the subclause's title, "(= TIB,g ¢c)"-

Add, at the end of the first sentence of the first paragraph, the words "4y, as described in
3.28."

Replace the existing Equation (24) by the following new equation:

PID
TICs =——+ (24)
TIC

Replace, in the definition list below Equation (24), the words "is the equivalent aperture
diameter" by "is the equivalent aperture diameter; calculation for scanning modes as
described in 3.28 using the scanned aperture area 4g,".

Replace the existing note by the following new note:

NOTE TIC,  applies to the bone-at-surface case for scanning modes.
Table 1 — Summary of combination formulae for each of the THERMAL INDEX categorids

Replace, in the equation in the first row, "TICq \s" by "TIC " and "TIC,q " by "TICgS".

Table 2 — Summary of the acoustic quantities‘required for the determination of the
indices

Dglete, in the last column of the top row, "(PIB,s)".

Al3.1 Rationale

Replace, in the second paragraph, the three occurrences of the words "ultrasonic diagnostjc
equipment" by "medical diagnhostic ultrasonic equipment".

A}4.1.3 Rationale for choosing a break-point depth (z,)

Replace, in the firstisentence of the existing Note 1, the words "acoustic power" by "acoustic
output power".

Al4.1.5 Rationale for at surface Tl in non-scanning mode and scanning mode

Replace-the existing text of A.4.1.5 by the following new text:

Implementation of th ft ti hermal index (71 m hom n ti -path
model. One basic equation covers all cases for the at-surface case, scanning modes (such
as colour-flow mapping and B-mode) and non-scanning modes (such as Doppler and M-
mode).

In this document, the at-surface TIS-equations for all modes (scanning and non-scanning)
use P,,4 and the at-surface TIS is calculated for all aperture sizes. See A.4.1.4 for the
rationale for using the attenuated bounded-square output power in the numerator of the
thermal index equations.

There is an expectation that scanning mode and non-scanning mode 77 values should
converge smoothly as the number of scan lines narrows to 1 (non-scanned), and as the depth
of interest moves from below the surface (z > 0) to the surface (z = 0).
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For the at-surface TIS equation, Pm)a(z) is the bounded-square output power p_, and
equation A results (see Table A.2).

The TIB (bone below-surface) and TIC (bone at surface) equations are fundamentally the
same. For TIC, the non-attenuated power is used, since it is an at-surface estimate. These
approximations are discussed in A.4.3 (see Table A.2).

If the dimensions of the active aperture are larger than 1cm x 1 cm, then the thermal
perfusion length of one centimetre (1 cm) is assumed to be exceeded. In this case the
bpunded-square output power is measured by a radiation force balance using4 an
intermediate absorbing mask with a one-square centimetre window (the mask is 1 cm _x™ ¢m
square), or by other masking means (e.g. electronic), or the bounded-square output ‘power
mfay be measured via hydrophone planar scanning.

NOTE Temperature rise in tissue due to transducer surface self-heating has not been taken.into account in the
ddtermination of the thermal index [10] (see Annex C).

Al4.2.1 Derivation of break-point depth

Afd, after "where 4, is the output beam area" in the second paragraph, the following ngw
nete:

NOTE 1 Equation (A.3) is a re-statement of Equation (8) (from 3.28)) with a single pulse corresponding to| a
ngn-scanning mode.

Table A.2 — Consolidated thermal index formulae
Delete, in the row labelled "C", the symbols "= TIB,".

Al4.3.4 Derivation notes for bone at-focus for non-scanning modes (7B ,¢)

Replace, in the definition list below_Equation (A.17), the words "I, is spatial-average
temporal-average intensity" by "/ 4. is the attenuated spatial-average temporal-average
intensity".

Replace, in the fourth paragraph, the words "Since output power..." by "Since attenuatgd
output power ...".

Al4.3.6 Derivationsnotes for bone at-surface [TIC] for non-scanning modes (TIB,g k)

and for scanning modes (7T1B g )

Replace, in theisubclause’s title, "TIB g ns" by "TIC " and "TIByg oo" by "TICg.".
Replace-the existing Note 2 by the following new note:

NOTEV2 For non-scanning modes D__ is calculated as described in A.4.2.1 and in 3.28 using the output begm
areﬁl—d_D_q_l_l_mﬂ_WTB—m—d_lﬁJa oo, and for scanning modes is calculated as described In 3.28 using he scanned aperture area 4.

b eq

B.1 General

Replace the last sentence of the fourth paragraph by "Steered beams are dealt with in the
same way".

Replace, in the sixth paragraph, "20 %" by "30 %".

Delete, in Note 2, the words "Edition 2".
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B.4.1 General

Replace the existing second paragraph by the following new paragraph:

The two techniques of defining the apertures in Clause B.4 have somewhat different sources
of error. Agreement of the compared results from these methods, or compared to results from
the method of Clause B.5, should give reasonable confidence that the aperture is defined
accurately. Use of these methods, absorbing mask (B.4.2) or absorbing target (B.4.3), to limit
detection to a 1cm x 1cm area at the front surface of the active scan aperture is
recommended when the method of Clause B.5 is not feasible (e.g. for testing mechanically
s¢anned sector probes, or third-party testing of all ultrasonic transducers).

B{4.2 1 cm x 1 cm aperture in a mask
Replace, in the last sentence of the note, the words "beam-width" by "beam width”.
Fijgure B.4 — Suggested orientation of transducer and 1 cm-square’ RFB target

Replace, the axis labelling "Mask x or y axis" by "Target x or y axis",

Bl5 Creatinga1 cm x 1 cm window using electronie control
Afld, at the end of the clause's title, the words "or usingxcalculations".
Replace, in last paragraph, the two occurrences of."mathematically” by "mathematical”.

Delete, in the last paragraph, the last sentence

Bl6 Measurement of bounded-square output power

Replace, in the first paragraph, the words "of B.4.2 or B.4.3 to mask" by "of B.4.2 or B.4.3 pr
Clause B.5 to eliminate".

Replace, in the second paragraph, the words "in either B.4.2 or B.4.3" by "in either B.4.2 pr
Clause B.5, or the target used in B.4.3".

El1 General

Afd, after'the last paragraph, the following new paragraph and note:

Ahnéx-F was added to Edition 2 of this standard to support the definition and determination pf
miaximum itions and val fr Loptaod nd 7/ , ifi IE 1-2-37.

NOTE Similar to the below-surface 77 values, these are also specified to be found on the beam axis beyond the
break-point depth Zpp-

E.2 Differences from IEC 62359 Edition 1

Add, after the third paragraph "Table E.1 summarizes some of the major changes", the
following new note:

NOTE The I, (7, ,s) and Isp‘a’m(zS ns) Values shown in Table E.1 are not the "maximum" attenuated spatial-
peak temporal-average intensity values described in Annex F, because they are at the depth for TIB and the

depth for TIS, respectively.


https://iecnorm.com/api/?name=2bab47e92afc47b4793e1391b4071b7c

IEC 62359:2010/AMD1:2017 -17 -
© IEC 2017

Add, at the end of the existing text in the first row, right column of Table E.1, the following
new sentence:

and 7, determination described in Annex F.

Zpp is also applied to Ispta’ [spta,a’ ISppa sppava

Add, after Annex E, the following new Annex F:
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Annex F
(informative)

Rationale and determination of maximum non-attenuated

and attenuated spatial-peak temporal-average intensity
and spatial-peak pulse-average intensity values

F.1 Rationale

This standard establishes parameters and methods related to thermal and non-therm

amnd thermal index (77) for display as specified in IEC 60601-2-37.

In the process of describing the determination of the thermal index and the mechanic
index, this standard defines and describes the key components for derivihng' maximum no

aftenuated and attenuated spatial-peak temporal-average and spatial~peak pulse-average
intensities at any depth z in the acoustic field. Meanwhile, the acoustic’ output reporting tablgs
specified in IEC 60601-2-37 require the provision of the spatial maximum values of thege

parameters in the acoustic field at specific depths z; includingfproviding spatial maximu
values over all depths z on the beam axis beyond the break-point depth, and "local" spati
mlaximum values at other depths on the beam axis.

NOTE 1 Other interested parties also require provision of these parameters at ‘global’ spatial maximum position

arld in some cases have established regulatory limits on their values.

NOTE 2 Recall from the definitions in Clause 3 that "spatial peak" in the terms "attenuated spatial-pe
temporal-average intensity" and "attenuated spatial-peak{pulse-average intensity" is the peak value at a giv
dgpth, z (i.e. not the peak value over all depths, z).

exposure aspects of diagnostic ultrasonic fields sufficient to calculate mechanical index (M/)

al

Al
’]_

m
al

o

Ak
bn

NOTE 3 The depths at which the M/ and belowssurface TIS and below-surface T/B are determined will not

ggnerally be the same depths at which the maximum®values of Isp‘a, Ispta’a, Isppa or Isppa’a occur.

This standard refers to IEC 6212/7-1, IEC 62127-2 and IEC 62127-3 for definition
specifications of properties and calibration of measurement equipment and for hydrophon

based measurement methods. IEC 62127-1 defines various acoustic parameters which can he

used to specify and characterize ultrasonic fields propagating in water using hydrophone

characterize ultrasonic fields propagating in water.

hile these standards provide valuable information on the measurement of ultrasound field
they do not deseribe standardized determination of maximum non-attenuated or attenuat
spatial-peak<temporal-average intensity, /5, and /g, , nor non-attenuated or attenuat
spatial-peak pulse-average intensity Isppa and Isppa.0-

definitions-for their determination are provided in Annex F.

comblnatlon wrth IEC 62127 and IEC 61161 this standard describes a complete set

equipment used within the ultrasound community, including those parameters called for by

IEC 60601-2-37.

F.2 Overview

The goal of this Annex F is to describe standardized methods for determination of maximu

C 61157 also defines arious acoustic parameters which can be used to specify ar

Therefore, standardized means ar

N

W
1

a7

coal?

m

positions and values of non-attenuated and attenuated spatial-peak temporal-average
intensity /g, and /5y,,, and non-attenuated and attenuated spatial-peak pulse-average

intensity /g, and /g, . in the acoustic field of a medical diagnostic ultrasound device.

ppa
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Other, non-IEC, measurement standards define the determination of 7., , and Ig for
regulatory agency purposes. Reference [44] is used widely and is referenced in IEC 55127 1.
The methods listed in this Annex F are intended to be consistent with [44].

The standard attenuation coefficient value chosen is 0,3 dB cm~—! MHz='; the same value is
introduced and used by this standard in the derivation of the below-surface thermal index
and the mechanical index.

Another key srm|lar|ty to the below surface thermal mdex and the mechanlcal index is to

S|milarly, this standard defines the break-point depth, and applies it in the determination pf
the below-surface thermal indices TIS and TIB for non-scanning modes. This samelbreak-
ppint depth is used for maximum JIgya, Isppar Isptaq @Nd Igppa, and is applied for both
s¢anning modes and non-scanning modes.

Ap shown, for non-scanning modes one depth z,;, is used for the depth of maximum
and depth of maximum I

ta.a sppa.er @nd one depth z ;; is used for the.depth of maximum
ijta and depth of maximum I, .

Hpwever, as shown, for scanning modes the depths of maximum 7g,, , and Igp,,,, (and Ighi,
and Igyn4) can be different, and the depths of maximum Iy, and Igy, , Often are not at i
same depth as they occur for non-scanning modes.
Dpscribing the determination of the /gy, and I,y for scanning modes is the most
complicated and large part of Annex F. F.3.372> and F.3.1.4.2 give the summarized
expressions while Clause F.4 gives more detailed/information.

F|3 Test methods

F{3.1 Common parameters
F|3.1.1 Attenuation coefficientyand frequency

The acoustic attenuation coefficient value a used for the determination of maximum /g4,
a

nd I5ppa, is 0,3 dB cm=T{ MHz=T with linear frequency dependence.

b

DTE 1 This value is~the'same as is used in the determination of the MI and TI, and it matches the attenuatipn
cdefficient used in [41]\and [44].

Repeating Equation (A.6) in A.4.2.3:

The attenuated spatial-peak temporal-average intensity is denoted:

]spta,a (Z) spta(Z)10(azjan/IUGb)

where

]Spta(z) is the spatial-peak temporal-average intensity at distance z,

a is the acoustic attenuation coefficient,
Sawf is the acoustic-working frequency, and
z is the distance from the external transducer aperture to the point of interest.

NOTE 2 In accordance with 3.4, NOTE 2, and 3.24, the acoustic-working frequency is determined at the depth
for peak pulse-intensity integral on the beam axis.

NOTE 3 See A.4.2.3, 5.1 and Clause D.2 for additional discussion.
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F.3.1.2 Use of the beam axis

Measurements for I, 1 I and 1 in non-scanning modes should be made on

A spta
the beam axis.

spta,a

sppa’ {sppa.a’

NOTE While there can be side-lobes with higher intensity and pressure values, the same methodology and
justification as is employed for the below-surface thermal index and the mechanical index is used, for the sake of
measurement repeatability and ease.

F.3.1.3 Determination and use of the break-point depth

Measurements for Isppar Ispparer Ispta @Nd Igpia,, I scanning modes and non-scannirlg

modes are made at or beyond (farther-than) the break-point depth Zpp-

Cpre is to be taken when determining the Zpp SO that the equivalent aperture_ diameter |is
correctly determined using only the —12 dB output beam area.

For scanning modes where ultrasonic scan lines that comprise a frame)do not have the
same —12 dB aperture size, the aperture size corresponding to the central scan line of eagh
sgpsi sum is to be used in the determination of the break-point depth.

For combined-operating modes where measurement of multiple modes and transmit
patterns is being performed simultaneously, the smallest break-point depth of the actiye
miodes is to be used.

For combined-operating modes in which measurements of contributing modes and transmit
patterns are being performed sequentially, the break-point depth of each separated mode |is
tg be used.

Fi3.1.4 Calculation of ppsi (z), ppsi(z), sppsi,(z) and sppsi(z)
F{3.1.4.1 ppsi ()

The calculation of ppsi, (z) is accomplished by using Equation (27) (see 3.63).

NOTE 1 For measurement purposes of this standard, pii is equivalent to 1/(pc) times the attenuated pulse-
priessure-squared integral at-depth z, when z is beyond the break-point depth, with pc denoting the
characteristic acoustic impedarnce.of pure water.

NOTE 2 3.43 gives the non-dttenuated version of this quantity.
3.1.4.2 s ppsi(z)-and sppsi,(z) and sppsi(z)

F

The following-discussion is for the sum of attenuated pulse-pressure-squared integral
Applicatiomto non-attenuated sum is the same, but can be more simple because the acoustjc
wiorking-frequency does not need to be known or estimated for each scan line.

v

Thevdetermination of the sum of attenuated pulse-pressure-squared integrals and the
attenuated sum of pulse-pressure-squared integrals for adjacent ultrasonic scan lines at
any depth z may be accomplished using one of the following methods. Generally, these
methods require knowledge, a priori or determined, of the number of ultrasonic scan lines
per scan frame, the number of transmit pulses per scan line and the acoustic working
frequency or a frame trigger that signals the start/stop of repeating frames.

NOTE 1 See F.4.2 for additional discussion of these methods.

NOTE 2 See IEC 62127-1:2007, Annex F, for additional discussion of these sppsi(z) determination methods.

While either method a) or b) can be employed, it can be seen that as the pulse sequencing
becomes increasingly complicated, increased knowledge of the pulses and the pulse
sequencing is required.
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a) Scanning ultrasonic scan lines past a stationary hydrophone
This may be accomplished by:
1) using a long record digitizer to sum the ppsi values in one long record, or

2) via an electronic mask or electronic trigger which signals one ultrasonic scan line at
a time so that the ppsi(z) for each transmit pulse down that line, n, can be acquired and
added to the sppsi sum.

For either method 1) or 2) above, if all transmit pulses included in the sum are NOT
identical, then the f,,s value of each pulse is to be obtained and the attenuated pulse-

——pressure-squared Integral ppsT,(z) catcuiated for each transmit putse. The sum of

attenuated pulse-pressure-squared integrals sppsi (z) is thus obtained.

If all transmit pulses included in the sum are identical, then the sppsi(z) valué pray he
determined separately and one attenuation factor applied to obtain the-atténuatgd
sum of pulse-pressure-squared integrals s ppsi(z) which in this case js\équivalent fo

the sppsi (z).
b] Scanning a hydrophone past a single stationary ultrasonic scan line

This method can yield estimates of the attenuated sum of pulse-pressure-squared
integrals s ppsi(z) and the sum of attenuated pulse-pressure;squared integrals sppsi )(z)
which are reasonably accurate when all ultrasonic scan_line€s use identical transmit
pulses (f,. Pulse length, pulse shape, pulse focusing and aperture, etc.).

This method consists of scanning a hydrophone past a single stationary ultrasonic scgn
line, collecting pulse-pressure-squared integrals\at multiple lateral beam (profilg)
locations with sufficient spatial step size (sampling) such that the pulse-pressurg-
squared integrals corresponding to the equivalént Tocations of adjacent ultrasonic scan
lines scanning past a stationary hydrophone afe calculated.

WU

This method requires knowledge of the spacing between successive ultrasonic scgn
lines.

NOTE 1 A method for experimentally determining the spacing between ultrasound scan lines is provided|in
IEC 62127-1:2007, 7.2.6.3.

NOTE 2 Another reference is IEC 62127-1:2013+IEC 62127-1:2013/AMD1:2013, 8.2.

Iflthe transmit pulses for all ultrasonic scan lines (pulse shape, beamwidth, etc.) are not all
identical, then choosing a woérst case pulse and scan line may provide a reasonable over-
estimate. The ultrasonic._scan line and pulse yielding the largest s ppsi(z) value should he
chosen. Choosing anwltrasonic scan line in the centre of the scan should be sufficient.

NOTE 3 Multiple s jppsi sums may be needed at each depth z in order to find the largest sum.

I 1 and [,

F{3.1.5 Measurement depth for maximum I, spta’ Isppa.a sppa

sptaa’

For non=scanning modes, the depth for maximum Ispta 4, Zspta, o max iS the depth on the bea
axis/ at or beyond the break-point depth, where the maximum attenuated pulse-pressur

3

w
]

Z2Zpy,

NOTE 1 The depth for maximum I

sptara’ Zspta,a,max‘
maximum I . . Z 000, maxe POt OCCUrTing at z)

for non-scanning modes is equal to the depth for

iba’

For non-scanning modes, the depth for maximum Igp¢,, Zgpta max is the depth on the beam

axis, at or beyond the break-point depth, where the maximum pulse-pressure-squared

integral max [ppsi(z)] occurs. This is the depth for maximum pii
>

Z ..
s 1
Z_pr P

NOTE 2 The depth for maximum 1,

X spta (Zspta,max
Isppa, Zsppa,max’ both occurring at z,

) for non-scanning modes is equal to the depth for maximum

i’
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For scanning modes, the depth for maximum Ig, ;. Zspta.max 1S the depth, on the beam
axis, at or beyond the break-point depth, where the maximum sum of attenuated pulse-

pressure-squared integrals max [Sppsia(Z)] occurs. This is the depth for maximum sii,,
ZZpr
Zsiiar

For scanning modes, the depth for maximum I, zgpta max IS the depth, on the beam
axis, at or beyond the break-point depth, where the maximum sum of pulse-pressure-

squared integrals max [Sppsi(Z)] occurs. This is the depth for maximum sii, =z
=2

sii*

b

DTE 3 See F.3.1.3 regarding the break-point depth to use when the ultrasonic scan lines do notyhave the
sgme —12 dB aperture size.

For non-scanning modes and for scanning modes, the depth for maximum I .../,
sppa,,max: 1S the depth on the beam axis, at or beyond the break-point depth, where the
mfaximum attenuated pulse-pressure-squared integral max [ppsia(z)] occurs.)This is the depth
Z2Zpp

far maximum pii,, z,;; .

NOTE 4 This is the same depth as for maximum /

sptara for non-scanning modes:

For non-scanning modes and for scanning modes, the depth for maximum /g, ., Zsp0a max: [IS
the depth on the beam axis, at or beyond the break-pointidepth, where the maximum puls

pfessure-squared integral max [ppsi(z)] occurs. This iscthe depth for maximum pii
ZZpr

D
1

> Zpii-
NOQTE 5 This is the same depth as for maximum /

spta

and Isppa,a

for’non-scanning modes.
3.2 Determination of maximum ISWal
3.2.1 Non-scanning and scanning\modes

F

F

Fpr non-scanning modes and scanning modes, the maximum attenuated spatial-peak
pllse-average intensity should(be calculated using

1

DPDSig (Zsppa,a,max ) (F.1)

sppa.a —
td (Zsppa,a,max )pC

apd the maximum-spatial-peak pulse-average intensity should be calculated using:

Lsppa = P ppSi(ZSDpa,maX) (F.R)
d Zsppa,max
where
pc is the characteristic acoustic impedance of pure water
(= 1,48 x 10°kg m2 s-1 at 20 °C);
t4(Zsppa.q,max) is the pulse duration at the depth for maximum I,
t4(Zsppa.max) is the pulse duration at the depth for maximum I, .;

PPSig(Zsppa.max) 1S the attenuated pulse-pressure-squared integral at the depth for

maximum I,
Ppsi(Zgppamax) IS the pulse-pressure-squared integral at the depth for maximum I, ,.

NOTE 1 In contrast to Equations (28) and (29), Equations (F.1) and (F.2) describe one depth each.
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NOTE 2 As shown in Equations (F.1) and (F.2) and per definition 3.65 and 3.81, the pulse duration value, ¢, is

determined at Zsppara, max and Zspparmax’ respectively.

F.3.2.2 Combined-operating modes
For combined-operating modes, the maximum attenuated spatial-peak pulse-average

intensity / value should be the largest of the I values of the constituent transmit
patterns

ppa.a ppa.a

sppa,’ \“sppa,a,max ] - sppa, ' plulL,d, B
PP PP all transmit patterns PP p )

and the maximum spatial-peak pulse-average intensity /
the /5,4 values of the constituent transmit patterns

ppa Value should be the largest pf

Lppa (Zsppa,max ) = max [Isppa (transmit pattern &,z ;; i )] (F.4)

all transmit patterns

F{3.3 Determination of maximum [, , and Ig,
F|3.3.1 Non-scanning modes

For non-scanning modes, the maximum attenuated< spatial-peak temporal-average
intensity should be calculated using:

Isptaq = ﬂ( max [ppsia (z)]J = %ppsia (Zpl-,-ya) (F.p)

PC\z2zy,

apd the maximum spatial-peak temporal-average intensity should be calculated using:

I.Spta — ﬂ( max [ppsi(z)]} = %ppsi (Zpl'l') (F.B)

PC \z2zp,

where

psi is the attenuated pulse-pressure-squared integral;
psi is the pulse-pressure-squared integral;

oy is the’break-point depth;

z )i is\the depth for maximum pii (= zgp5,, max) ON the beam axis;

2.4 s the depth for maximum pii, (= zgyt5,, max) ON the beam axis;

P IS thecharacteristicacousticimpedance of pure water (48 <108 kgm2s+at20—¢);
prr is the pulse repetition rate of the non-scanning mode.

NOTE 1 In contrast to Equation (5) in 3.10 and to the description in 3.54, Equations (F.5) and (F.6) describe one
depth each.

NOTE 2 Equation (F.6) is modified from IEC 62127-1:2007, as the break-point depth is applied to it.
NOTE 3 For these calculations, an average pulse repetition period is used (see 3.3, 3.44 and 3.55).

F.3.3.2 Scanning modes

For scanning modes, the maximum attenuated spatial-peak temporal-average intensity
should be calculated using:


https://iecnorm.com/api/?name=2bab47e92afc47b4793e1391b4071b7c

