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ABSTRACT

..

There is currently considerable international concern about the possible adverse effects on
tissue due to the thermal effects of ultrasound. Although no-one has yet shown deleterious
effects with current devices in patients, studies have shown that significant temperature rises
can occur.

...

To address these concerns, the UK Department of Health has initiated a project to be carried
out at NPL which aims to assess the likely thermal hazard from commercial pulsed Doppler
diagnostic ultrasound equipment. The project is in three stages and will assess the thermal
hazard by published prediction algorithms, by experimental methods and by improved
theoretical methods.

...

This report covers Stage I, which uses published methods to calculate Thermal Indices from
acoustic data supplied by manufacturers. Results are given for 11 different scanners from
eight manufacturers. Eight prediction algorithms are used.

...
Customer: UK Department of Health.

Agreement nJl.: NPL18/04/039.
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BACKGROUND TO PROJECT

.

There is currently considerable international concern about the possible effects on tissue due
to the thermal effects of ultrasound. Although no-one has yet shown deleterious effects with
current devices in patients, studies have shown that significant temperature rises can occur.
Many national and international bodies are now active in this area, including the World
Federation for illtrasound in Medicine (WFUMB, 1992), the European Federation of Societies
for illtrasound in Medicine (EFSUMB, 1996) the International Electrotechnical Commission
(IEC, 1992), the National Council for Radiation Protection (NCRP, 1992)"the American
Institute for illtrasound in Medicine (AIUM/NEMA, 1992) along with the United States Food
and Drug Administration (FDA, 1985). In the UK, concern has also been expressed by the
Royal College of Obstetrics and Gynaecology (RCOG, 1984), the Royal College of
Radiologists (RCR, 1985) and the British Medical Ultrasound Society (BMUS, 1988).

........

The above bodies are preparing several basic kinds of output: regulations, standards (covering
output labelling, measurement and safety), safety recommendations and reports. A consensus
is being sought over what types of field might produce significant temperature rises under
appropriate circumstances. At present, however, the extent to which current commercial
equipment has the potential for hazard is not completely clear. In the UK, there have been
several safety recommendations made by professional bodies and some reports, but none of
these has yet addressed in depth the problem of ultrasonic heating from the most recent

equipment.

.....

The above concerns gain added weight with the advent of the EC Medical Devices Directive
(EC, 1993). Through the route of compliance with published international standards, this will
require, amongst other things, the temperature rise to be known under conditions which are
representative of clinical examination. In the case of ultrasound, it is expected that the required
standards will be provided by the IEC. NPL is involved in the development and validation
work which is needed before an agreed standard can be produced. As part of this, it is
necessary to use thermal test-objects to measure the temperature rise produced by current
commercial equipment.

.....

There are, therefore, a number of requirements for factual information on the thermal effects
of ultrasound specifically to meet UK needs, as outlined below.

..

1

....

2

...
3.

The output levels and potential for thermal hazard need to be assessed for pulsed
Doppler equipment marketed in the UK. Some information on output levels is already
available, and needs to be processed in an appropriate manner. Some, however, would
have to be acquired separately, to take account of recent developments. In this way,
it would be possible to make an objective evaluation of the potential for hazard with
UK equipment. Once available, it is crucial that this information be communicated
appropriately to those responsible for the clinical use of ultrasound.
There needs to be experimental verification of the predicted temperature rises for
commercial equipment. The existing work is largely theoretical, and it is not clear how
it relates to the true heating. Furthermore, previous experimental work is subject to
large errors due to the methods used and so needs to be re-assessed in the light of more
controlled measurements.
The UK needs to develop an independent view in this field so as to support its position

..



.

CIRA(EXT)O18

..

in the development of IEC standards, which would then be applied in the UK. Indeed,
as an active participant in the relevant IEC committees, the UK has already committed
itself to provide a substantive input to this work. NPL is already involved in several
aspects of the basic scientific research required to underpin this activity, but a need
remains to test the developing systems on commercial equipment.

...

This project, funded by the DoH, aims to meet all of these requirements and make the
infonnation available in the scientific literature in a fonn that will be of practical use to those
involved in ultrasound scanning. It is divided into three stages: Stage I will predict the likely
thermal hazard using agreed theoretical algorithms and acoustic output data supplied by
manufacturers, Stage n will verify those predictions by making controlled measurements of
the acoustic output and temperature rise for a range of scanners; and Stage III will predict the
temperature rise for realistic clinical conditions using layered tissue models. All of this work
will result in publications that will be widely available to infonn clinicians and others who
have to make decisions about the safe use of ultrasound. Overall, the project will ensure the
provision of validated test methods for use in IEC standards and so will provide a vital link
in implementing the EC Medical Devices Directive for diagnostic ultrasound equipment.

.......

This report covers Stage I of the project. The aims of Stage I are described in detail in Section
2, together with the acoustic data which is required to calculate thermal indices, and the
method of carrying out the calculations. Communication with manufacturers is documented
in Section 3: this is an important part of the report since it deals with a number of objections
and observations raised during the course of the work. Results are tabulated alphabetically by
manufacturer in Section 4 and there is a brief discussion and summary in Section 5.

.................... 2
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2. AIMS OF STAGE I

.

In February 1994, a letter from NPL to potential participants in the project summarised the
overall aim of Stage I as follows:

..

To ~imate the maximum temperature rise which could occur during diagnostic
eJCamination with pulsed Doppler ultrasound using published prediction methods.

..

The following statement regarding the methodology was made:

.

The calculations will be carried out according to the methods published by NCRP and
AIUM/NEMA for different clinical conditions (soft tissue, obstetric, bone etc..) and,
wherever possible, will use acoustic output information supplied by manufacturers.
Where manufacturers are not able to supply precisely the data specified by NCRP or
AIUM/NEMA, best estimates of the missing values will be made (for instance, the
entry beam dimensions could be approximated from the transducer dimensions).

....

The deliverables expected from Stage I were described as:

..

The estimated temperature rise attributed to each scanner/transducer combination will
be published and a spreadsheet will be produced which will allow similar calculations
to be carried out on future systems.

..

Two sets of prediction methods have been published. The National Council on Radiation
Protection and Measurements (NCRP, 1992) have a range of algorithms to cover different
exposure conditions: homogenous soft tissue path, obstetric examination, and the case of
ultrasound incident on bone are considered. The American Institute of Ultrasound in Medicine
and the National Electrical Manufacturers Association (AIUM/NEMA, 1992) have a different
set of algorithms: homogeneous soft tissue and incidence on bone are included, but obstetric
or other specific examination types are not explicitly mentioned. The philosophies behind the
two sets are somewhat different: NCRP algorithms are intended to be 'reasonable worst case'
values, whereas the AlUM approach is to give a 'typical' value. One would therefore expect
that the NCRP values would be higher than the AlUM values. The 'Thermal Indices' which
appear on some scanners are calculated according to the AIUM/NEMA algorithms.

...........

To calculate the thermal indices according to the NCRP and AIUM/NEMA schemes, values
are required for various acoustical parameters. The important parameters are, in approximate
order of decreasing importance:

1 = acoustic frequency
1 = spatial-peak temporal-average intensity

3 total power
4 focal beam width
5 focal distance
6 radiating aperture area

..
Mathematically, the two most important parameters are total radiated power and acoustic
frequency; without these none of the formulae can be calculated. However, the parameter that
is most widely available from manufacturers is spatial-peak temporal-average intensity, Ispta,

... 3
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and, for un scanned pulsed Doppler beams, the spreadsheet can estimate total power from Ispta
and focal bearnwidth, the bearnwidth being estimated from the acoustic frequency if necessary .
Consequently, some estimate of the temperature rise can be gained as long the acoustic
frequency and Ispta are known.

............................... 4
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3. COMMUNI CA nON WITH MANUF A CTURERS/SUPPLIERS

.

Due to the complexity of the data required for the calculations and its commercial sensitivity,
it was important to establish good communications with manufacturers and their representative
bodies such as the UK Ultrasound Manufacturers' and Suppliers' Association (UMSA) and the
US National Electrical Manufacturers' Association (NEMA).

...

Initially, the Regulatory Affairs managers or chairmen of all known suppliers of pulsed
Doppler ultrasound equipment in the UK were contacted to request their cooperation and to
ask for relevant acoustic output information for their equipment (see Appendices A and B).
Some suppliers were able to provide us with information almost immediately (or at least
agreed to provide it as soon as it was available). Other suppliers were more reluctant, either
because of concerns over how the acoustic data and the results of the Stage I calculations were
to be presented or, simply, because they could not readily obtain the data in the form we
requested it.

......

There followed three series of communications. The first series was involved with clarifying
the acoustic data we had received and chasing up suppliers who had expressed a desire to be
involved but could not immediately provide the information. Often the UK suppliers needed
to contact the manufacturing arm (generally in the USA or Japan) or to put NPL in touch with
them; sometimes our request was not explicit enough or the data which was available did not
fit in with our request.

....

No communications detailing acoustic information specific to a manufacturer is given in this
report, but a secondary re.quest sent by NPL can be found in Appendix C. It can be seen from
these that the data requested changed slightly during the project; the reason for this is that, as
the project progressed, it became clear that different manufacturers carried out different
measurements of their equipment and, consequently, different acoustic parameters were
available from each. Many manufacturers are now carrying out measurements to the AlUM
Output Display Standard (AIUM/NEMA, 1992) and are able to supply this information along
with their own calculated values of Thermal Indices (TI's). At the beginning of the project,
we did not anticipate that this data would be widely available and tried to formulate our
requests in the most general way so that an estimate could be made of TI's, almost regardless
of what format the manufacturers' data was in. The software to calculate TI values was also
written with this in mind.

........

The second series of communications involved responding to concerns about the use to which
the manufacturers' data would be put and the validity of our procedures. Although these were
often discussed individually with manufacturers and suppliers, the most comprehensive
coverage is given in a series of letters between NEMA and DoH (see Appendix D). In
addition, RC Preston and A Shaw from NPL gave a presention to the Ultrasound Imaging
Section of NEMA at their meeting in San Francisco, March 1995.

....
Before compilation of these results, each manufacturer received copies of all calculations and
results relating to their own equipment. All comments and corrections received were
incorporated in to a preliminary version of this report which was circulated on a restricted
basis (NPL report CIRA(RES)OO8 -Assessment of the likely thennal index values for pulsed
Doppler ultrasonic equipment -Stage I: calculation based on manufacturers' data, dated

.... 5
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Mr David James
I.G.E. Medical Systems Ltd
Coolidge House
352 Buckingham Avenue
Slough SLI 4ER

...

Hitachi Medical
(Originally marketed by Sonotron, now by
Mr John Johru;on
Ecoscan Ultrasound Limited
Unit 5, Dencora Business Park
Bood1 Drive

Wellingborough)

.

Mr Douglas Ogg
Keymed
Keymed House
Stock Road
Southend-on-Sea
Essex SS2 5QH

...

Mr Geoff Faulkner
Kontron Instruments Ltd
Blackrnoor Lane
Croxley Business Park
Watford
Hertfordshire WD 1 8XQ

.

Mr Len Golding
Kretztechnik (U .K) Ltd
Unit 1, Spindle Way

Crawley
Sussex RHIO ITG

..

Mr Mike Andrews
Ultrasound Product Manager, Philips Medical
Systems
Kelvin House
63/75 Glenthorne Road
Hammersmith
London W6 OU

.....

Mr Michael J. Naylor
Managing Director, Toshiba Medical Systems
Limited
Manor Court
Manor Royal, Crawley
West Sussex RHIO 2PY

Managing Director
Sales Manager, Ultrasound Products
SIEL Imaging Ltd
Orpheus House
Calleva Park, Aldermaston
Berkshire RG7 4QW

.

Mr Terry Usher
Managing Director
Sonotron Limited
2 Napier Road
Bedford MK41 OJW

..

Mr John Nash
Sales Manager, Siemens pIc
Medical Engineering
Siemens House
Oldbury, Bracknell
Berkshire RGl28FZ

...

Vingmed
(marketed by Sonotron)

..

Mr R Eaton
NEMA
1300 North 17th St.
Suite 1847
Rosslyn
Virginia 22209
USA

.

Mike Andrews
Chairman, Ultrasound Manufacturers'

and Suppliers' Association
Kelvin House
63/75 Glenthome Road
Harnrnersmi th
London W6 OU

...... 7
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4. lliERMAL INDEX ~UL TS

.

The following Tables I to 8 give the TI results for all the scanner/probe combinations for
which we received data from manufacturers. No attempt has been made in Stage I to obtain
equipment for independent measurement. Similarly, no attempt has been made obtain
information for all scanners and/or probes from each manufacturer. The intention was to
obtain information for a wide (but not necessarily complete) range of equipment used in the
UK. The distribution of results is summarised in Figure 1.

....

It is often the case that a particular manufacturer will produce a number of different scanners
based on the same platform but aimed at different medical specialities or with extra modes (for
instance, colour-flow) available. In these cases, it may be possible to use a particular
transducer on more than one scanner and for it to generate the same acoustic output and,
therefore, the same TI values. However, this cannot be guaranteed and no such assumption
is made in this report: it is quite possible for even minor software upgrades to significantly
affect acoustic output.

.....

All values were calculated using NPL_4-0.xls, an Excel workbook which contains a
calculation worksheet functionally identical Version 1.0 of Dopticalc; a sample Dopticalc
spreadsheet is given in Appendix F and the method used to carry out the calculations is
described in Appendix G.

...

Each table contains 11 columns. The first three give the scanner type, transducer type and,
as far as they were declared, the operating conditions which were relevant to the supplied
acoustic output values. The next five columns give the results for each of five models
described by NCRP: homogeneous soft tissue; first, second and third trimester obstetric; and
bone. The final three columns give the results for each of the three AIUM/NEMA thermal
indices: soft tissue, bone and transcranial. When two or more sets of values are given for the
same scanner/transducer combination (generally indicated by (1) or (2) after the transducer
type, or by a comment in the 'Operating conditions' column), this means that measurements
were reported for different operating conditions. This happens typically when the TIS and llB
are maximum for different operating conditions, or where acoustic data is reported in different
formats: for instance, according to IECl157 and to FDA510(k).

.............. 8
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4.1 INTERPRETING mE RESULTS

..

Each TI value given is simply the result of applying a particular calculation to a particular set
of acoustic data. When interpreting the results given in this report, the following cautions
should be kept in mind.

..

a. Results have, of necessity, been based on estimated values for acoustical
parameters when the parameters ideally required for a particular thermal prediction
model are not available.

..

b. NCRP models are intendoo to represent the 'reasonable worst-case' whereas AlUM
models are intended to be 'typical'. NCRP models would therefore be expected
to produce higher values than the equivalent AlUM models.

...

c. There is no AlUM equivalent of the NCRP foetal models.

.d.

Not all equipment is intended for foetal examination. If the manufacturer specifies
that the equipment is not to be used for obstetric examination, the NCRP models
F 1, F2 and F3 will not be relevant.

..

e. Some output settings on some equipment are not intended for obstetric
examination. If the equipment is used as specified by the manufacturer, the TI
values for NCRP models Fl, F2 and F3 may be overestimates.

..

f.

.

The AlUM model TIC is relevant for equipment which is specified as being for
transcranial examinations. The TIC model is also relevant to any other
examination in which bone is close to the transducer, even when the transducer is
not specified for transcranial use.

............... 9
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Thermal Index values for Aloka SSD-2000.Table 1

...........

NOTES

This table must be read in conjunction with cautions a) to f) on page 9.

.....

,

10
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Table 2

.

Thermal Index values for ATL illtramark 9 HDI and HDI 3000

..

ATL

~ ~ O...r.tinQ conditions ~~~~ ~ !!§ !!§

.

!!f

I 

21 11 71 80 64 nlo n/a

.

nla 1.3 86 97 76 nla oJ. 24

.

,,-, HDI3000 P3-2 Pulsed Doppler, 2D+Pulsed Doppler -TIB

Ivalues
I

HDI3000 P3-2 Pulsed Doppler, 2D+Pulsed Doppler -TIC

Ivalues

Do IHDI3000 P3-2 ppler, IEC values system settings whK:h
I

Yield maximum peak negative pressure

HDI3000 P3-2 Doppler, IEC values system settings whK:h

yield maximum Intensity (SPTA)

-~~ --
HDI3000 P7-4 PW & 2D+PW, TIB values

15 08 52 59 08 32

.

09 59 66 53 08

.

29 36 -ci 15 nla 23

HDI3000

.

P7-4 PW & 2D+PW TIC values n/o 15 79 99 63 22 nla 28

06 03 13 16 1.0 04 1.3

.

05 20 26 16 10 15 1.3

.~

nla 56 7.0 44 16 nI. 20

.

33 04 24 30 19 06 nla 15

.

26 32 20 08

.

09 02 13 16 1.0 04 06

.

nIa 14 73 10.3 52 n/a 25

10 28 40 20 29 25

.

nla

04 20 28 14 08 21 09

.

02 10 07 06 07

.

nil nlo nla n/a oJ. 1110 n/a nla

.

08 06 35 29 n/a nJ.

.

08 55 39 07

.

06 27 31 22 10 09

n/a oJ. nia nla nI.

.

nla oJ. Ilia

32 37 28 nfa n/.

.

05 28 21 05

.

51 59 44

.

30 06

2~

21 nla

.

31 39 25 08 16

.
22 13 59 75 47 12 24 2.1

43 0:6

1:8

15 n/a 24

.
40 51 32

.
36 10 42 56 31 21 28 32

.. 11
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ATl

.

~ ~ O__tln., =nditoon.

HDIJOOO CS1VT Pulsed Do~r 2D+Pulsed Do~r -TIB

values

HDtJOOO CS1VT Do~r, IEC vakJes system settIngs wI1~h

Y- maxmum peak negative ptessUre

HDI3<XX> C51VT Do~r, IEC values system settIngs wI1ich

Y- maxmum in1ensty (SPTA)

HDt3<XX> Cl10-5 Pulsed Do~r, 2D+Pulsed Do~r -TIe

values

HDI3<XX> Cl10-5 Doppler IEC values system settings wI1~h

Yield maxmum peak negatIVe pressure

HDI3<XX> Cl1G-S Do~r IEC values, system settings wI1~h

Yield maximum OItenSty (SPTA)

HDt3<XX> D7TCD Pulsed Doppler -TIS Aa!"1>=1 vakJes

~~~~~I 

30 03 17 21 14

I!§ ~ !!f! 

05 nIa 17

.

1009 02 1.2 08 07

.

1704 22 14 06 13 10

.I 

-
0.7 0.1 0.2 0.3 0.2

~

nla 03

.

0708 01 05 02 08 04

.

09 01 0.7 1.0 05 02 12

.

oJ. -ri/a Ilia Ilia n/a n/l nla "'a

.

HDI3000 D7TCD Pulsed Doppler -TIB values 18 08 52 58 46 n/a 23nia

Pulsed Do~r -TIC vawes 12 55 62HDI3000 D2TCD 08 nia oJ. 23

.

HDI3000 D2TCD Dopplef IEC .alues system settings wnCI1

yeld maximum mtenslty (SPTA)

~r IEC values system settings wncn

yeld maximum peak neg8tJlle I"'essure

P5-3 Pulsed Do_f, 2D+Pulsed Doppler -TIS

Aap!t'=1.a,ues

Pulsed Doppler 2D+Pulsed Do_r. TIB

.alues

Do_r lEG .alues system settings wnCI1

yeld maxImum intensity (SPTA)

P5-3 Do_r IEC .alues system settings wncl1

yeld maxImum peak negatIVe pressure

Pu~~2o:;.--p~-i50~:-"IS
Aap!1<= 1 vakles

MPT7-4 Pulsed Do_r 2D+Pulsed Do_r. TIB

.alues

MPT7-4 Dopplef lEG .alues system settings wncl1

y~1d maximum peak negatJlle pressure

MPT7-4 Do_, lEG .alues system settings wncl1

y~1d maximum mtenslty (SPTA)

18 1.0 64 7.2 57 21

.

HDI3000 DZTCD 03 02 1.~ 02 08

.

HDI3IXX> nla nIa nIa nla

~

nia nIa roo

HDI3000 P~3 73 10 43 51 36 n/a

73HDI3!XX> P!>-3 24 15 61 14 38 25

.

20 59 41 1.1 27 20HDIJOOO

~iiT7~-HDi~ n/a 22 08 oJ.

HDI3(XX) 32 04 22 14 07 n/a 19

02 07 o. 12HDI3000

H 013000 05 19 08

ATL

~~~~~
06 02 10 1. 07

13 06 29 37 23

15 06 31 39 25

16 09 60 70 52

17 12 83 9. 7.

NO O. 23 29 18

!!§

03

09I 

08

07I

10

nla

~~ ~~ O...,."nQ cond,'oon.

U~mar1( 9 llG-5 PulSed Dopple'
HOI
Ultramark 9 C7~ PulSed Doppler

HOI
U~mar1( 9 l7~ Pulsed Doppler

HOI

U~mar1( 9 c..2 PulSed Doppler

HOI

Ultramar1( 9 P3-2 PulSed Doppler

HOI
U~mar1( 9 AS-3 PulSed Doppler

HOI I

NOTES

This table must be read in conjunction with cautions a) to f) on page 9.

12

- M

~
2.4

2.3

33

40

2.3

~
04

12

13

14

22

nil
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Table 3 Thermal Index values for B&K 3535

..

~ ~ ~ ~ ~ !!§ ~ !!9
02 09 03\... 03

.

28

05 03 17 2.3 13 02

.

0.2 1.9 03 03

04 0.7

.

05 03

34

07

43

02

8&KMeclc8

~ ~ 0 ,.., coooitions

3535 8542 F- --d,,:3Q% , a-m "";Ie '"
romting I3535 8543 Frocti..,al ban-d":3Q% Beam angle 10

romting axJs:6Q drg-.

3535 8544 Frocti..,., ban_d":3Q% Beam angle '"

roloting 8XJ'- drg-'

3535 8545 Frocti..,., ban_d":3Q% a-m angle '"

roloting deQr8eS
3535 8553 (35 MHz) Frocti..,al ban-d":65% Beam angle '"

rombng OXIS- degrees Ispla value for medium

soOting
3535 8553 ('3 MHz) Frocti..,al band"d":65% Beam angle '"

roloting "'S- degrwes Ispm value for medium i

seOting
3535 8553 (50 MHz) Frocti..,aJ ban_d":65% -..angle '"

rolabng 8XJs:6Q degrees III'Ia value for medIum

setting
3535 85s. Frocti..,.1 bandwld":3Q% Beam angle '"

rotabng axlS--9() degrees

39 22.1 270 62

.

63 3D 162 207 126

.

7.7 34 170 227 127 31 3.0

.

03 15 2.2

..

NOTES
This table must be read in conjunction with cautions a) to t) on page 9.

..

The values provided for total acoustic power for probes 8553 (3.5 MHz), 8553 (4.3 MHz) and
8553 (5.0 MHz) were absolute maximum values for B+ M + Doppler operation. The scanner
settings which produce these power levels may not be the same settings which produce the
I,pla values quoted by the manufacturer. Total acoustic power values were not provided for
probes 8542, 8543, 8544 or 8554; for these probes, power was estimated from Ispta and
beamwidth.

.................. 13
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Table 4 Thermal Index values for Hewlett Packard Sonos 1000.

................

NOTES

This table must be read in conjunction with cautions a) to f) on page 9.

.............. 14
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Table 5 Thermal Index values for IGE Logiq 500.

..

IGE

.

~ ~ O_.tinQ conditio...
L~ 500 5316 Pu8ed ~ moc2

LogG 500 L 739 Pu8ed ~r m~

L~ 500 C551 Pu8ed Do~ m~

L~500 C551 Pu8ed~m0c2

1= 

== ~ ~ ~
18 09 3. .1 28

12 03 1.6 21 1.2

1. 05 15 21 1.2

1.2 05 2.3 2.7 1.9

!!§ ~ !!f

1.2 26 25

07 16 06

0.8 13 13

06 20 1.2

....

NOTES
This table must be read in conjunction with cautions a) to t) on page 9.

....................... 15.
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Table 6 Thermal Index values for Kretz Combison 530.

..

NOTES

This table must be read in conjunction with cautions a) to t) on page 9.

16
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Table 7 Thermal Index values for Philips P700.

..

Philips

.

~ ~ I~ ~ ~ ~ ~
0.8 0.3 1.9 23 16

04 02 10 12 08I
09 0.5 26 33 21

11 04 15 20 11

05 01 06 08 04

01 00 01 01 01

01 0.0 01 01 01

I 04 01 0.6 0.8 04

07 02 08 11 06

I!§
05I 

02

06
0.7
0.2

00
\ 0.0

02
0.3

P700

P700
P700
P700

P700

P700
P700
P700

CA3550

CA5040

CA5025
LA5O3OA

CA 6511-ER

CA 6514-EV

LA 7530

LA 753OA

....

NOTES
This table must be read in conjunction with cautions a) to f) on page 9
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Table 8

.

Thennal Index values for Toshiba SSA-270, SSA-250A and SSH-140A.

.

Toshib8

.

~~~~ ~ !!§ !!§ ~~ ~ C

SSA-27OA PLF-5O3$T focus 3 , PWR = 16

SSA-27OA PSF-25KT focus 5, PWR = 15

SSA-27OA PSF-37DT focus 4 PWR = 16

SSA-27OA PSF-50FT focus 2 PWR = 16

SSA-27OA PVF-357MT focus 2, PWR = 16

SSA-27OA PVF-621VT focus 4, PWR = 16

SSA-27OA PVF-738F (and focus 4 PWR = 16

738H)
SSA-27OA PVF- 745V focus 4 PWR = 16

SSA-25OA PVF-738F F«us 4, PWR = 16

SSA-250A PVF-745V focus 4, PWR = 16

SSH-14OA PLF-308P Focus 3, PWR = 16

SSH-14OA PLF-503tOT F«us 4, PWR= 16

SSH-14OA PSF-25LT F«us5PWR=16

SSH-14OA PSF-37FT focus 6, PWR = 16

SSH-14OA PSF-50FT F«us 2 PWR = 16

SSH-14OA PSH-70LT F«us8, PWR= 16

SSH-14OA PVF-375MT focus 4 PWR = 16

SSH-140A PVF-575MT Focus 4 PWR = 16

SSH-14OA PVF-621VT Focus 5 PWR = 16

SSH-14OA PVF-738F F«us 6, PWR = 16

SSH-14OA PVF-738H F«us 6 PWR = 16

SSH-140A PVF-745V Focus. PWR = 16

.
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01

02

01

0.0

01

0.1

0.7

07
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0.5
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0.3
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0.3
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0.1

01

01

01
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...

01

03
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01
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0.2

01

01
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0.0
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01

0.0
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01

00

00

00

01

01

01

02

03

03

0.2
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03
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0.2
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03
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0.9
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03

03

0.3
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0.2

0.2
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0.2

0.2

0.2

01

0.2
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02

03

01

0.1

01

00
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01
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01

01

0.0

00

01

01

01
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0.2
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0.2
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06
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0.3
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0.2
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0.2
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03
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02

01

03
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03

01

02

01

0.1

01

01

01

02

..........

NOTES

This table must be read in conjunction with cautions a) to t) on page 9.
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5. SUMMARY AND DISCUSSION

.

A spreadsheet has been written which calculates Thermal Indices according to methods based
on those published by AIUM/NEMA and NCRP. Acoustic output data has been obtained
from manufacturers and entered in the calculation spreadsheet; the results of the calculations
are given in Section 4 by manufacturer and scanner/probe combination. The results from all
these calculations have been aggregated and the distribution of Thermal Index values is given
in Figure 1 by Thermal Index model. Note that, if information is available for more than one
set of operating conditions, the results for all conditions are included in the overall
distribution.

......

The distribution of the Thermal Index values for each prediction model (ie the number of
occurrences of TI values in the range indicated) is summarised below.

.......

Bearing in mind the cautions given in Section 4.1, it does not seem appropriate to attempt to
draw any conclusions from the outcome of Stage I. This report has, therefore, merely
presented the results as objectively as possible. In Stages II and III, experimental and
improved theoretical methods will be used to assess the thermal hazard from pulsed Doppler
equipment. It will then be possible to compare the results from the new methods with the
Thermal Index values calculated using the methods described in this report.

.............. 19.
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.

Figure 1 The distribution of calculated Thermal Index values for each thermal prediction
model (ie the number of occurrences of results between n-l and n, where n is the
indicated TI value).
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Skipton House 80 London Road London SEI 6LW Telephone 071 972 2000

Direct line 071 972 5645

FAX 071 972 5670

.......

9 February 1994

..

Dear

.

Research on temperature rise from pulsed Doppler ultrasound equipment

.

You will be aware that interest has been expressed in national, international, and both
public and professional forums, in the safety of medical ultrasound. Extraordinary claims
have been made, in particular, that large temperature rises can be induced in human tissue
exposed to diagnostic Doppler systems.

...

-The Department of Health wishes to assemble reliable data and authoritative models on
which to base its guidance to users, and to use these findings to inform the development
of European and international standards for medical equipment. We have therefore
commissioned Dr R C Preston, of the National Physical Laboratory, to undertake a
program of research that includes a survey of equipment currently in use and on the
market in the United Kingdom.

.....

It will clearly benefit all concerned if the study covers the widest possible selection of
equipment, and its findings will be most reliable if the majority is loaned in known good
condition by its suppliers rather than taken "as found" from clinical service.

.

May I therefore ask you to respond helpfully to Dr Preston's detailed request, which this
letter accompanies. Please contact me if you have any questions.

.

Yours faithfully

..
Dr A M Calverd

... MPROV N G THE HEALTH 0 F THE NATION.
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National Physicallaborator}

.

Mr Richard Kirby
Chairman
Ultrasound Manufacturers'

and Suppliers' Association
PO Box 66

Stevenage
Herts SG 1 SS

.

Teddington
Middlesex
United Kingdom
TWll OLW

Switchboard
081-977 3222

Telex 262344 NPL G
Fax 081-943 2155

Local fax 081 943 6161

..

.Direct line 081-943-6154
Our ref NPR 3/6/9

.Your ref
~ Date 14 February 1994

.

Dear Mr Kirby,

.

I am writing to you in your capacity as Chairman of the Ultrasound Manufacturers' and
Suppliers Association in order to let you know about, and hopefully gain your support for,
a project being undertaken by NPL on behalf of the UK Department of Health.

...

Enclosed is a copy of a letter and associated material that I am sending to companies who
either manufa"cture or market pulsed Doppler diagnostic ultrasonic equipment in the UK.
As you will see, the letter specifically requests acoustic output information and seeks their
support in the later stages of the project during which we will need access to some systems.
Accompanying my letter is one from the Department of Health which provides some
background and justification foJ: the project.

....

For information, I enclose a list of all those companies to whom the letter has been sent.
I would be interested to know whether there are any other companies to whom you think
that it should be sent.

..

I hope that you will see the benefit of the project and can see your way 10 giving it your
support. If you would like to discuss the project, please do not hesitate to contact me or
Adam Shaw (reI: 081 943 6581). Alternatively, you might like to visit us here at NPL
where we could discuss matters in greater depth.

...

Looking forward to hearing from you.

.......
Dr RQ'.' C Preston
Division of Radiation Science and Acoustics
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Manufacturer's
Name and address National Physical Laboratory

.

8,

Tl.'ddingtun
Middlesex
United Kingdom
TWI10LW

Switchbltard
081-977 3222

Telex 262344 NPL G
Fa.1: 081-9432155

Local fax 081 943 6161

...

Direct line 081-943-6154
Our ref NPR 3/6/9

Your ref
.Date 14 February 1994

.

Dear Sir,

.

I am writing to the Ultrasound Equipment Manufacturers' and Suppliers' Association and
to all companies who either manufacture or market pulsed Doppler diagnostic ultrasonic
equipment in the UK in order hopefully to gain their assistance and support for a project
being undertaken by NPL on behalf of the UK Department of Health (see the accompanying
letter from DoH)..

...

The main objective of the project is to establish the thermal hazard from pulsed Doppler
diagnostic equipment currently on the UK market. The Project Outline is attached but
briefly the project involves three main stages. The first is to predict the temperature rise
using existing published prediction methods, preferably based on acoustic output
information provided by manufacturers. The second stage is to select a range of systems
including those which appear to have the potential for producing significant heating and,
with the assistance of the manufacturer, to undertake at NPL more detailed acoustic output
measurements in order to allow better estimates of temperature rise to be made. This stage
will also involve the measurement of temperature rise based on thermal test objects
simulating the models used in the published test methods. The final stage will be to
determine the temperature rise based on improved theoretical methods and also based on
tissue models more closely approximating clinical situations.

-.

..

.,

....

It is important to realise that the intention is to publish the results of the calculations and
measurements. In fact, the aim will be to name the particular product and probe assessed.
Prior to any publication, manufacturers/marketing companies will be given the opportunity
of commenting on and discussing the results. We would therefore prefer that this project
is undertaken in full cooperation and assistance of manufacturers and marketing companies.
To achieve this, it is important that adequate liaison is set up between NPL and the

companies at an early stage.

....
On the assumption that your company is prepared to cooperate in this important project,

we would therefore ask each company:

..
To provide, for each ultrasound system/probe combination that has the capability*

..-7
.,n r"'c,,li,., o\~,'nc' n( th,' 11,'r,'flm,'n! "j Tr".I,' "n,IIIt,ill..!r,Th.. '.,Iilln,ol rh,..i,",oll ,0""11,01""
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of generating pulsed Doppler beams, as much of the acoustic output information
specified on the accompanying sheet as is possible. We need to receive -this
information within six weeks of the date of this letter. This information will allow
us to undertake the calculations according to the published test methods of NCRP
and AIUM/NEMA.

....

* To be prepared to supply on short-term loan to NPL those systems which are
selected for further evaluation. The intention is to select carefully the probe/systems
so that the group is representative of most manufacturers. It is therefore expected
that there will be no more than three or four probe/system combinations from any
one manufacturer (which could mean for a manufacturer just one system with one
to four probes). In order that we will be able to schedule the tests, we would
appreciate knowing how much time you need in order to organise the loan,
especially if this is strongly dependent on the system under consideration. We would
not require access before July/ August 1994.

......

I would appreciate knowing in writing within ten days of the date of this letter whether your
company is prepared to collaborate with this project.

..

Please do not. hesitate to contact me or Adam Shaw (reI: 081 943 6581, Fax: 081 943
6161) if you have any queries. We look forward to hearing from you soon.

...

Yours sincerely,

...

Dr Roy C Preston
Division of Radiation Science and Acoustics

.........
-<
~
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Z.. The National Physicallaboratorv is ao Executive Agency of the Department of Trade and I ndustrv
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.

Project Outline

.

Sta~e I

..

To estimate the maximum temperature rise which could occur during diagnostic examination
with pulsed Doppler ultrasound using published prediction methods. .

.......

The calculations will be carried out according to the methods published by NCRP1 and
AIUM/NEMA2 for different clinical conditions (soft tissue, obstetric, bone etc..) and, wherever
possible, will use acoustic output information supplied by manufacturers. Where manufacturers are
not able to supply precisely the data specified by NCRP or AIUM/NEMA, best estimates of the
missing values will be made (for instance, the entry beam dimensions could be approximated from
the transducer dimensions).
The estimated temperature rise attributed to each scanner/transducer combination will be published
and a spreadsheet will be produced which will allow similar calculations to be carried out on
future systems.
The acoustic parameters which are needed for the NCRpl and AIUM/NEMA 2 models are specified
on page 2, and manufacturers are asked to supply as much of this information as they can.

..

Sta2e II

.

To carry out detailed measurements at NPL on a subset of the scanner/transducer
combinations studied in Stage I, in order to produce more realistic estimates of the likely
temperature rise.

....

The criterion for selecting the subset depends on the outcome of Stage I, but the intention is to
include devices from a wide range of manufacturers whilst concentrating on those combinations
which appear to be capable of generating the highest temperature rise.
These new estimates will come both from calculations based on the measured intensity distribution,
and from direct measurement of temperature increase in thermal test objects which mimic the
conditions underlying the NCRpl and AIUM/NEMA2 models. (Note: the thermal test objects have
been developed as part on NPL's measurement standards programme) These estimates will also be

published.

III

..

Sta2e III

.

To carry out measurements of the temperature rise produced by a small number of
scanner/transducer combinations in thermal test objects which more realisticaUy milnic the
properties of the tissue exposed during particular clinical examinations.

...

To mini mise the disturbance to manufacturers, these measurements will be carried out at the same
time as the Stage II measurements. The aim is to use two or three test objects which mimic critical
clinical applications of Doppler ultrasound. Experimental measurements and improved theoretical
predictions will be undertaken and the results compared with those obtained in Stages I and II.
These results will be published.

.
II

...



.

2

.

Requirements for Stage I

..

In order carry out the calculations specified by NCRP' and AIUM/NEMA2, the following
parameters are required for each scanner/transducer combination operating in pulsed Doppler mode
under the conditions that give the maximum acoustic power output. [NB If the parameters are not
known under the conditions which give maximum acoustic power, please supply values
corresponding to the maximum derated temporal-average intensity.]

....

Output power

.

Spatial-peak temporal-average derated intensity

...

Position of spatial-peak temporal-average derated intensity

Centre frequency of acoustic pulse

-6dB beam-area (or dimensions) at position of maximum free-field temporal-average intensity

(ie focal area or dimensions)

.

Active aperture area (or dimensions) of the transducer (ie output beam-area or dimensions)

..

In addition, to comply fully with the NCRP' and AIUM/NEMA2 soft tissue models, the following
information would be desirable:

.

Axial variation of intensity (either free-field or derated)

.

Radius of curvature of transducer (if appropriate)

..

Please also send us any marketing literature relating scanners and/or transducers which can be used

for pulsed Doppler examinations.

.

If any particular parameter is not available, please try to give us any ot/1er infonna.tion which might
help us produce an accurate estimate for t/1at parameter.

.....

1. NCRP, 1992. "Exposure criteria for medical diagnostic ultrasound: I. Criteria based on thermal
mechanisms", Report No. 113, National Council on Radiation Protection and Measurements,
Bethesda, MD-20814, USA.

2. AIUM/NEMA 1992. "Standard for real-time display of thermal and mechanical acoustic output
indices on diagnostic ultrasound equipment", UD3-1992, American Institute of Ultrasound in
Medicine/National Electrical Manufacturers' Association, USA.

.....
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Second call for data
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Project Outline

Sta~e I

To estimate the maximum temperature rise whicl1 could occur during diagnostic examination
with pulsed Doppler ultrasound using publisl1ed prediction metl10ds.

The calculations will be carried out according to the methods published by NCRpl and
AIUM/NEMA2 for different clinical conditions (soft tissue, obstetric, bone etc..) and, wherever
possible, will use acoustic output information supplied by manufacturers. Where manufacturers are
not able to supply precisely the data specified by NCRP or AIUM/NEMA, best estimates of the
missing values will be made (for instance, the entry beam dimensions could be approximated from
the transducer dimensions).
The estimated temperature rise attributed to each scanner/transducer combination will be published
and a spreadsheet will be produced which will allow similar calculations to be carried out on
future systems.
The acoustic parameters which are needed for the NCRpl and AIUM/NEMA 2 models are specified

on page 4, and manufacturers are asked to supply as much of this information as they can.

Sta~e II

To carry out detailed measurements at NPL on a subset of the scanner/transducer
combinations studied in Stage I, in order to produce more realistic estinlates of the likely
temperature rise.

The criterion for selecting the subset depends on the outcome of Stage I, but the intention is to
include devices from a wide range of manufacturers whilst concentrating on those combinations
which appear to be capable of generating the highest temperature rise.
These new estimates will come both from calculations based on the measured intensity distribution,
and from direct measurement of temperature increase in thermal test objects which mimic the
conditions underlying the NCRP' and AIUM/NEMA 2 models. (Note: the thermal test objects have

been developed as part on NPL's measurement standards programme) These estimates will also be

published.

Stage III

To carry 011t meastlrements of the temperattlre rise prodtlced by a small ntlmber of
scanner/transdtlcer coniliinations in thermal test objects which more realistically mimic the
properties of the tisstle exposed during pal1ictllar clinical examilIations.

To minimise the disturbance to manufacturers, these measurements will be carried out at the same
time as the Stage II measurements. The aim is to use two or three test objects which mimic critical
clinical applications of Doppler ultrasound. Experimental measurements and improved theoretical
predictions will be undertaken and the results compared with those obtained in Stages I and II.

These results will be published.



...

Requirements for NPL project on Thermal Indices

.

In order carry out the calculations specified by NCRp. and AIUM/NEMA 2, the following
parameters are required for each scanner/transducer combination operating in pulsed Doppler mode.
The conditions under which these parameters should be measured is described in the notes and
flowchart below. Please contact me (tel: +44 (0)181 943 6581; fax: +44 (0)181 943 6161) if
you think that the information you have available does not meet our requirements.

....

Please supply values for as many of the following parameters as possible. If any particular
parameter is not available, please try to give us any ot/1er infomation which might help us produce
an accurate estimate for that parameter.

.......

Scanner control settings

Output power
Spatial-peak temporal-average derated intensity
Position of spatial-peak temporal-average derated intensity
Centre frequency of acoustic pulse
-6dB beam-area (or dimensions) at position of maximum free-field temporal-average
intensity (ie focal area or dimensions)
Active aperture area (or dimensions) of the transducer (ie output beam-area or

dimensions)
Axial variation of intensity (either free-field or derated)
Radius of curvature of transducer (if appropriate)

...

~
During the course of our work on this project, it has become apparent that different
manufacturers carry out measurements according to different standards and, consequently,
the acoustical parameters which are known differs from one manufacturer to another.

...

The AIUM/NEMA Output Display Standard requires acoustic parameters which have been
measured under those conditions which produce the maximum Thermal Index. (In this
context, 'condirionJ" means a particular combination of scanner control setrings.) At the start
of our project, we did not expect that values measured under maximum Thermal Index
conditions would be available. Since we did not want to ask manufacturers to carry out a
great deal of extra work, we requested data measured either under conditions which give the
maximum radiated acoustic power or under conditions which give the maximum spatial-peak
temporal-average intensity. However, from the acoustic information we have received so far,
it is clear that some manufacturers have already been carrying out measurements according
to the Output Display Standard.

......

If your company has already carried out measurements to the ODS, please supply us with
the acoustic values you have used to calculate the Thermal Indices and with any other
acoustic measurements you have made (eg under conditions of maximum power or maximum

IspJ.

...
If you have not carried out measurements to the ODS, please supply us with results under
conditions which give maximum power or maximum 1"'13 for the scanner/probe combinations
concerned. (/fyou have carried aUf mea.'iUreml'nfS fa lECl 157, the va.lueJ" you have measured
will be those for maximum Ijpla). If you have made measurements under both conditions,

....





...

Start

..

YES Supply values measured under
cond~IonSof

maXImum Thermal Index

Do you have measurements

to AIUM/NEMA ODS?

..I 

NO

..

Supply values measured under

conditions of

m8Xl/Tlum pc...er

Do you have measurements

under conditIons of

maximum P<1Ner'l

YES

..

NO

.

YESDo you have measurements

to IEC11577

.

Supply values measured under
conditions of

maxImum temjX)ral-average Intensity

.

INO

..

YES
under conditIons of maxImum

temporal-average Intensity?

Supply values measured under
conditions of

maxImum temPOfa1~verage Intensity

..

NO

.....

Selection of measurement conditions for acoustiq data to be
supplied for NPL project on Thermal IndiFes.

....

1

..
2

NCRP, 1992. "Exposure criteria for medical diagnostic ultr~sound: I. Criteria based on
thermal mechanisms", Report No. 113, National Council1Radiation Protection and
Measurements, Bethesda, MD-20814, USA.
AIUM/NEMA 1992. "Standard for real-time display of the al and mechanical acoustic
output indices on diagnostic ultrasound equipment", UD3- ,992, American Institute of
Ultrasound in Medicine/National Electrical Manufacturers' As$ociation, USA.

....
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....

National Electrical Manufacturers Association
2101 L Street, N.W. Suite 300

r aShington, D.C. 20037 (202) 457-8400

Fax (202) 457-8411
c"

..

Diagnostic Imaging and Therapy Systems Division

...

May 311, 1994

.

Dr. Roy C. Preston
National Physical Laboratory
Division of Radiation sciences and Acoustics
Teddington, Middlesex
TW 11 OLW, England, UNITED KINGDOM

...

Dear Dr. Preston:

.

The National Physical Laboratory project to establish the
thermal hazard of Pulsed Doppler ultrasound diagnostic equipment
was discussed recently at a meeting of the NEMA Ultrasound Imaging
Section, Technical Committee. At that time, several members
expressed concern about the use of non-standard methods and non-
standard test objects to predict thermal rise in human tissue, and
how the final project results will be published. NEMA wishes to
inform you of these concerns and requests clarification regarding
certain aspects of the project.

....

The Committee feels very strongly that the test
methodologies and test objects used in this project must mimic
biologically relevant conditions such as those assumed in the NCRP
and AIUM/NEMA models. Otherwise, results will not accurately
predict true thermal rise in tissue and m~y misrepresent any
potential thermal hazard of diagnostic ultrasound equipment. NEMA
would like to know more details about your proposed test
methodology and test .object specifications and construction,
particularly those aspects relating to tissue l perfusion, acoustic

attenuation and thermal conductivity.

.....

Given that you intend to name spe t ific manufacturers'

equipment in your report, NEMA is especially concerned about how

the final results will be published. In parti ular:

...

Will the resulting predictions and measurement data
be presented as realistic in-vivo temp1 rature rise? If so,
will any test reports establishing the validity (and
limitations) of the methods and test obje ts developed in this
study be published prior to publication o,f the final results?

...
.NEMA members appreciate the opportunity to comment

on and discuss the results of this study prior to publication.
Will manufacturers.be provided with inte~im progress reports
prior to final publication? At what poin~ in the publication

....



.....

process will manufacturers be allowed to comment on and
discuss results? will manufacturers' comments be incorporated
into' the report, and if so, how will these comments be
presented?

...

Please be assured that NEMA supports the development of
more acc=urate methods and models for predicting thermal rise in
tissue, including the development and improvement of thermal test
objects. At the same time, however, these methods and models must
be relevant to actual in-vivo conditions.

...

We look forward to your response to our questions
regarding the technical aspects and publishing plans of yourproject. 

Please feel.free to contact us if you have any questions.

....

I)

..

, C;; ( ~C:J

Char les Grossm~~--<'~~..J
Chairman
NEMA Ultrasound Imaging Section,
Technical Committee

.

CC: Ultrasound Imaging Section
members

................
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Mr Charles Grossman
Chairman, NEMA Ultrasound Imaging Section

Technical Committee
National Electrical Manufacturers Association
2101 L Street, N. W. Suite 300
Washington, D.C. 200~17
U.S.A.

~irect line
.Our ref

Your ref
-Date

081-943-6154
NPR 3/6/98 Local t;tX +4481 9436161

7 June 1994

Dear Mr Grossman.

Thank you for your letter dated 31 May 1994 referring to the NPL pulsed Doppler
ultrasound project. Your Technical Committee have rai~ed important points and we

appreciate the interest being taken in this project. Beture dealing with the specific points

raised, I would like to explain our position in rel,\tion to this project.

The project is one which is being undertaken by The National Physical Laboratory on
behalf of the UK Department of Health (DoH). Therefore, although NPL will have a
significant say in how the results will be disseminated, ultimately it is the responsibility of
the DoH. I am therefore not in a position to give absolute assurances about how the results
will be published and how much opportunity will be given to manufacturers to comment
on the results and to have their comments retlected in the proposed publication. I do
however believe that this is an important asp~ct of the project and I will do my best to
ensure that manufactur~rs arc kept informed al1d their commen'ts are taken on board. It is
essential for manuf.\ctur~rs to realise however th.lt NPL is contractually obligated to deliver
results to DoH which means that if manutacturers are to register their comments for

inclusion they will have to respond quite quickly. This aspect concerns me because I
originally requested data for Stage I in mid-Febru.lry and to date some major manufacturers
have yet to provide this information. Maybe the r~ason for the current delay is with the

concerns that you indicate in your letter, and it is for this reason that I am responding
quickly to your letter. I am therefor~ hoping that m.mufacturer~ will respond more rapidly
now and also at lat~r stages of the project wh~n their comments may be importilnt. At later
stages, we will do our best to give In.lnllfi1cturers ilS much time as possible but it is difficult
to be precise at this st.lge but a response within four to six weeks would be expected.

Dealing with YOlir sp~cit-lC points:

Details about th~ orol)os~(1 t~st l11L'tho(\olog~

It should be noted thai NPL is th~ UK Naliol1al Standards Laboratory and has an on-
going programm~ for Ih~ ul'v..:lopmenl or me.lsurement standards in medical

~
~.
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ultrasonics. Thi~ programme includes, tllnongst other thing~, the development of
improved method~ tor theoretical predictio/1 of ultrasol1ic heating and the
development of improveu methou~ tur experimel1tally determil1ing temperature rise.
Some of the output of thi~ \\-'ork teed~ into the international stal1uards through
participation in IEC activities. Given these responsibilities, the processes of
systematic study and valiuation play ,111 important role in NPL's work.

Looking at the project, Stage I involves the determination of temperature rises based
on methods published by NCRP and AIUM/NEMA (ODS). Manutacturers have
been requested to provide values fur a set of acoustical parameters necessary to
enable the calculation of the temperature rises for different clinical conditions,
defined in the NCRP and ODS documents. These results will be the first set to be
published. We will take care to liaise with manufacturers to enable our results to be
seen and tur manufacturers to comment un them. As already indicated, time scales
are important and the longer the delay in providing information, the less time there
will be for these important later interactive phases.

Stage II will involve selecting a subset of the transducer/systems identified in Stage I
and, with the collaboration of manut~lcturers, making more detailed acoustic output
measurements. The main purpose of these measurements will be to determine the
actual intensity distributions within the be.uns, an aspect which has been identified
as being important for reliable assessment of temperature rises (see the attached
paper by Adam Shaw which is to be published in 'Physics in Medicine and Biology'
and the paper by Bacon and Shaw). This information will be used to confirm, or
otherwise, the predictions obt.lined in Stage I and also to enable predictions to be
made using more complete theoretical models. For instance, a number of different
methods of predicting temperature rise .ue now established at NPL including the use
of finite-element calculations. Note that so tar all work is based on theoretical
predictions of temperature rise using measured acoustical data.

Stage II and Stage III will also involv~ making temperature m~asurements using
thermal test objects closely simulating th~ NC[{P and ODS mod~ls. These thermal
test objects are more retined v~rsions of that illlistrat~d ill Figllr~ I of the pllblished
p~{per by [3.lcon and Sh.l\\ (L'OPY ~ltt~l<.:heJ) bllt with il Illimber of significant
differellces. First, attenuating medillm will be employed in the prop.\gation path in
order to simulate the mod~1 being m~ltched (Nl--:I{P or ODS). Second, the thermal
sensor test object will be bi\s~d on .In t:nL',lpslll~lted version to ensure reproducibility.
The thermal sensors used are thin film thermocouples which have been shown to
provide reliable measurements of temper.l\ure rise, overcoming problems of viscous
heating and thermal conUllctioll problems experien<.:ed with wire thermocouples.

As far as the properties of the ti~sue mimicking materials are col1cerned, at the

region of the thermal sen~or. attenuation of tht' soft tissue mimicking material will

be close to 0.44 dB Cll1-1 MHz" al1d tllL'rmal conductivity close to 0.5 W K-1 mol.

For the soft tissue th~rm~11 tl:st ob_iL'L't, the thermal sensor will be sal1dwiched

ThO! J';olli"nolll'hysicoll Lol[."ral..r\ j" an l\O!cuii\O! i\~O!n(y..i thO! UO!polrtmO!nt..i lra.J.: an.lln.I.."lr\



......

between layers of gel. Small correctiollS based on theoretical analysis will be made
to account tor deviations between the thermal test object configuration and that of
an ideal test object. I

..

Perfusion is not taken into account in the measurements but will be considered as
a correction to the measured values in a way similar to that used in the paper by
Bacon and Shaw (further details to be published). Essentially, this correction is
based on knowledge of the time history of the heating curve measured in an
unperfused test object. The only input parameter is the perfusion constant and this
will be assumed to be the salllt' as that of the model being simulated (1000 s in the
case of NCRP and equivalent to 750 s for tile ODS). It should be noted that the
importance of perfusion depends on the situation being ~onsidered. Perfusion plays
a less important role for narrow focused beams, for short exposure times and when
tissue/bone interfaces are being considered. !

......

Sklge III will also include work to mimic more closely clinical situations. The
models used by NCRP were worst case and those used tor the ODS were reasonable
worst case, both being very simplitied models. We have undertaken in the UK, also
partly supported by our Deparlillenl of Health, a project at St George's Hospital to
establish a set of layered models derived from extensive analysis of clinical scans
for critical clinical applications of ultrasound (initial results are published in UMB,
vol. 19, pp 319-329, 1993, hlrther publication by the St George's group is in press).
One of the objectives of the current DoH Doppler project is to see how results using
these more realistic models compare with those of the aiDS. This will involve both
theoretical and experimental Silllulations. For this stage of the project, publication
will be in the form of a research paper and therefore there will be no attempt to give
results related to particular 111anllfal.."lurers ~quipment.

........

In conclusion, an ovt:rriding I.:onsidt:ration in the Department of Health project is
therefore to obtain information basL'd 011: I

..

*
*
*

..

Comprehensive d~lt,l on ultrasonic tield quantities trom manufacturers;

Comprehensive me,lsurements of acoustic tield qluantities;

Improved theoretical c,llculations taking into I account actual intensity

distributions in the be,lms;
Experimental measurel11t.'11ts using test objects Which closely simulate the

models being studied ~Ind inl'orpor,lting corrections for perfusion (and other
artif,lClS) based on thl'ort:til.:,tl L'StiI11,ltt:S. I

..

This work is expected to bc publish~d (in consultation with manufacturers).

.

The last stage, which WOliid .!1Q! be corr~latec.l with particular equipment, would

involve: I

..
Improved models bas~d 011 layered models d~rived from the analysis of*.

<~.
N~
11~.

The Nation.!1 Phvsicallabor.ltor\' i'.ln E,ecutivO! A~ency of thO! Department of Trade and Industry



clinical scans.

Presentation of results as in \'i\'lJ temperature rises?

None of the results will be presented on the basis that they represent in vivo
temperature rises. Relating the results to actual in vivv temperature rises requires
further work which we hope will be undertaken as a follow-up to this project. The
limitations of the models (NCRP and ODS as well as the more refined models) will
be pointed out in the publication.

Provision of results Qrior to Qublication

As already indicated, the intention is to provide manufacturers with results prior to
them being tinalised and presented for publication. We expect to liaise with
manufacturers during the measurement process (Note: To be undertaken on only a
few systems) and hope to be able to reconcile any problems before finalising the
results. If, once tile results are tinalised, manufacturers want to record specific
comments, we will endeavour to include these comments in the publication. In this
case, the manufacturer will have the opportunity to see the text prior to it being
finalised.

I hope that these comments and the enclosed copies of related documents reassure your
members that the purpose of the project is to establish reference data based on standardised
and well-defIned test methods.

With your assistance. I look forward to receiving full cooperation from manufacturers, and
the execution of a successful project.

$~
N
:=0
:f1

;

~ The National Physical laboratory is an Executive A~!!ncy of the Ueparlm!!nl of Trad!! and Industry
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Natlon.1 EI&Ctrical Manufacturers Association
2101 L Street, N.W. Suire 300

Washington, D.C. 20037 (202) 457-8400
Fax (202) 457-8-411

..

August 2, 1994

..Dr. 

A.M. Calverd
Department of Health of the U.K.
Skipton House
80 London Road
Elephant and castle
London SEl 6LW
UNITED KINGDOM

..

Dear Dr. Calverd:

.

I am the Industry Manager at the National Electrical
Manufacturers Association (NEMA) with responsibility for the
Ultrasound Imaging Section. NEMA is the largest u.s. trade
association representing and serving America's electroindustries.
The _Ultraso~d Imaging Section, is comprised of 19 ultrasound
equipment manufacturers, and thus represents over 90% of the
diagnostic ultrasound industry. This letter seeks to share with you
some of our concerns on the NPL/DHS project .to model thermal risk
in tissue due to ultrasound exposure.

.....

NEMA has noted with great interest the proposed NFL
project to establish the thermal hazard of pulsed Doppler
ultrasound diagnostic equipment. We support the development of more
accurate methods and models for predicting thermal rise in tissue,
including the development and improvement of thermal test objects.
The standard for Real-Time DisDlav of Thermal and Mechanical
Acoustic OutDut Indices on Diaanostic Ultrasound EauiDment which
NEMA developed in a joint effort of the U.s. Food and Drug
Administration, American Institute of Ultrasound in Medicine, and
other international ultrasound-related clinical societies, reflects
the industry's staunch commitment to ultrasound safety,
particularly with respect to thermal and cavitational bioeffects.

......

NEMA members will wish to cooperate with any project
which they believe will improve our understanding of ultrasound
equipment and the effects of ultrasound on the human body. However,
before we can undertake to give our full cooperation to the NPL, we
would like to have our concerns about some aspects ot this project

--understood- and- satisfactorily answered. '

....

Firstly, we are concerned about the methodology of the
calculations and measurements. Will any reports establishing the
validity (and limitations) of the methods and test objects
developed in this study be released prior to the publication of
results? Will NEMA have an opportunity to review and comment on
these methods?

...
Secondly, we would like assurances that manufacturers

will be kept in touch with the progress of the project and will see
interim reports and results on which they will be able to comment.

I

..Thirdly,

in 'Which theare concerned aboutw'e the way

...



......

results of this project will be represented to ultrasound 5ystem
users and the public. Will NEMA be able to comment on tho
presentation? will manufacturers be able to comment on results
relating to their equipment, and will their comments be included in
the publications?

..

We have had helpful correspondence with Dr. Preston on
these issues but while he has gone some way to offer reassurance,
he has made it clear that control of the project and decisions
about publications rest with the Department of Health.

...

We are therefore seeking answers from you to these

questions. We feel that it is absolutely essential that these
concerns be discussed and satisfactorily resolved. Care must be
taken that the public not be unduly alarmed by the publication of
test results derived from nonvalidated test methods. It would be a

-great- disservice to thi-s-~ifesaving -techno-loqy to assign a
si9nificance to results that do not represent actual in-vivo
s'canning conditions.

....

Dr. Preston has stated that none of the results will be
presented on the basis that they represent in-vivo temperaturerises. 

We would be grateful for your confirmation that this will be
the case and that the possible relationship of the results to the
real clinical situation will be sensitively discussed. Dr. Preston
has also indicated that he will try to include manufacturers'
comments in the publications but appears to be unable to give a
firm promise.

.....

It would clearly help to avoid a protracted
correspondence if a face-to-face discussion could be held to
resolve these issues. If you will agree to hold a meetin9 for this
purpose, we would propose (for reasons of convenience) that NEMA be
represented by a U.K. resident, Mr. Gordon Higson. Mr. Riggon is a
former Director of. Scientific and Technical Services in the
Department of Health and is currently Chairman of Medical
Technology Consultants Europe Ltd. He is fully conversant with the
issues and is known to Dr. Preston. In the hope and expectation
that you will' agree to a meeting, I will ask Mr. Higson to phone
you in-a- few d.:ays ~ime..- ' ---"

......

If you have any further questions, please do not hesitate
to contact 1ne. I can be reached at (202) 457 -8484, or by fax at
(202) 457 -8411.

.....

The NEMA Ultrasound Imaging Section looks forward to your
clarification of these issues and hopes that we can work together
for the advancement of the safe use of diagnostic ultrasound.

,~
Industry Manager

.CC: 

Ultrasound Imaging section members

..
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RE...I~ARCII A:\'D DI-:VELOP~ DMSION

DEPART~fE~T OF HEALTH

SKIPTON HOUSE
80 LoNDON ROAD

LoNDON SEt 6LW
ENGLA~'D

TEL: +44 71 9725645

FAX: +44 71 9725670

......

Richard Eaton

Industry Manager
NEMA
2101 L Street
NW Suite 300
WASHINGTON DC 20037
USA

..

18 August 1994

....

Dear Mr Eaton

..

Thank you for your letter of 2 August concerning the DH/NPLlinvestigation of the
temperature rise from diagnostic ultrasound equipment. In response to your specific
questions, I can give you the following assurances:

..

Test methods

..

Dr Preston wrote to Mr Grossman on 7 June 1994, giving details. I understand that the
methods for Stage I are those that are already published by AIUM/NEMA and NCRP.
Stage II test methods are those which are being developed as part of the UK National
Measurement System, based on published procedures, and on those which are being
discussed through the International Electrotechnical Commission (IEC), in which I believe
your members are actively involved. NPL is the UK's national standards laboratory: pan
of its remit is the establishment of validated test methods. The entire procedure will be
subject to peer scrutiny through open publication, a policy cons,'stent with current practice
at NPL and embodied in DH research contracts.

.....

Progress/interim reports etc

....

Manufacturers will be informed of results and will be asked to comment and advise,
particularly where findings are anomalous or unexpected. DH requires this undertaking,
which is consistent with our own practice. However, you will appreciate that the project
must keep to schedule and that manufacturers are expected to respond quickly.
Dr Preston is concerned that he replied to NEMA's original letter within 10 days but, two
months later, his assurances are still being questioned. You further raised a concern that
Dr Preston did not provide a commitment to include all manufacturers' comments in any
publication. As is the normal DH practice, he expects to be able to resolve any
anomalies and discrepancies before publication. We do, however, expect a timely
response to any questions raised, and I see little purpose in suppressing a repeatable
finding merely because it is unexpected and unexplained at the time of writing.

....



..

Relation to in-vivo temperature rises

..

Again, this has been dealt with by Dr Preston. We have not commissioned the
measurement of in-vivo temperature rises, and we do not intend to misrepresent any
experimental data. Limitations of the models will be pointed out in the publication. As
you assert that the technology is lifesaving, and as we have not contracted NPL to
investigate biological effects or clinical outcomes, I do not see how any public alarm
could arise from the publication or circulation of Dr Preston's findings.

...

Both Dr Preston and I are aware of the need for sensitivity in the presentation of the
information. Objectivity is essential, as is a discussion of the limitations of the test
methods. We would be pleased to receive any guidance that you may have on the
interpretation of test results, during the course of this important project.

.....

Having given the assurances that you are seeking from DH, I would be pleased if you
could give me a date by which your companies will provide Dr Preston with the
requested acoustic output information. Mr Higson called me a few days ago, and I was
able to tell him that a number of NEMA members had in fact been very prompt and
helpful in complying with Dr Preston's requests. I pointed out that it is in the interests of
all suppliers to ensure that the equipment that NPL receive for testing is in new condition
or properly serviced, and accompanied by authoritative data from the manufacturer.

...

Yours sincerely

...................
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National Electrical Manufacturers AS80ciat
2101 L Street, N.W. Suite

Washington- D.C. 20037 (202) 457-8
Fax (202) 457-8

..
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.

Diagnostic Imaging and Th~ropy Systems Divis

:

..

S~ptember 16, 1994

..

Dr. A.M. Calverd
Dcpartment of Health of the U.K.
Skipton House
80 London Road
Elephant and Castle
London SEl 6LW
UNITED KINGDOM

..

Dear Dr. Calvara:

.

Thank you for your letter of Auqust 18, 1994 which came
in response to our questions in our letter of Auqust 2. While you
have addressed some of the issues ~e have raised involving the NPL
project, we have not yet received assurances on several issues, for
which we are requesting clarification.

...

We are still unsure whether the stage I calculations will
use the actual AIUM/NEMA and NCRP methods, or will use methods
bas2d on them. Moreover, NEMA is not certain whether the methods
used in the Stage II calculations using thermal test objects for
making temperature ~easurements, will be made known to the NEMA
members before or after the NPL report has been published. Your
statament that the entire proceaure will be subject to peer
scrutiny through open publication leaves us unsure on this point.
Since the results will be used to predict temperature rises,
validity of the measur~m~nts is critical. NEMA woul~ very much wish
to be informed of the t~st methods to be used at an early stage,
b_e_f_or_e_publ ication.

.......

Yo~r response to our request that the manufacturers be
kept in touch with the process is not as clear as we had hoped. We
would be grateful if you could confirm that manufacturers will in
~cases be informed of results and be asked to offer comments. We
recognize your need for timely responses, and will urge that our
members reply promptly with their comments.

...

NEMA appreciates your interest in our thoughts on the
interpretation of results. We would like to know your views as to
how the presentation of results will be handled. Mr. Higson will be
attending the NPL meeting on October 19, and perhaps you and Dr.
Preston will have an opportunity then to discus9 this issue with
him at that time.

....
Meanwhile, I will bring your request for responses from

before the Ultrasound Imaging Section membership, at ourNEMA

...



.....

meeting on September 20. While I will endeavor to present your"
requests to the Ultrasound Imaging Section in a prompt manner, you

.should be aware that NEMA, as an association, cannot command its
members 'to undertake action on this project. The decision to
participate rests wholly within each manufacturer's discretion. ..

If you have any further questions, please do not hesitate ..
to contact me at (202) 457 -8484, or by telefax at (202) 457 -8411. .

.

We look forward to hearing from you.

...

~Industry. 

Manager

..co: 

Gordon Higson
Ultrasound Imagin; Section members

..................
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National Physical Laborato~

.

Mr Richard Eaton
Chairman, NEMA Ultrasound Imaging Section

Technical Committee
National Electrical Manufacturers Association
2101 L Street, N.W. Suite 300
Washington,-D.C. 20037
U.S.A.

Teddington
Middll.'scx
United Kingdom
TWII0LW

Switchbl.}ard
081-977 3222

Tl'lcx 262344 NPL G
Fa.\" 081-9-132155

Local fax +44 181 9436161

...

Direct line
Our ref

Your ref
Date

+44 1819436154
NPR 3/6/98

..

30 September 1994

.

Dear Mr Eaton,

.

Alan Calverd passed on to me a copy ofa letter dated September 16th that you recently sent
to him regarding the Doppler ultrasound heating project that we are undertaking at NPL on
behalf of the UK Department of Health. He thought it best for me to reply to some of your

remaining technical concerns.

...

Stage I calculations
The aim here is to use the methods specified in the AIUM/NEMA ODS or the NCRP to
determine the thermal indices. However, as we are asking manufacturers to provide the raw
acoustical data, w(~ cannot be sure that they have derived this using the methods specified
in these two documents. By asking manufacturers to supply a set of acoustical parameters -

our Stage I specification request -the intention was to ensure that the correct acoustical
parameters are provided by manufacturers. So, the aim of the project for Stage I is purely
to undertake the determination of the thermal indices using the algorithms specified in the
AIUM/NEMA ODS and the NCRP report but based on acoustical data provided by
manufacturers. From the data already provided by some manufacturers, we have also
received their estimates of thermal indices which allows a useful cross-check.

........

Stage II and III
The first part of Stage II will be to model temperature rise from actual intensity profile data
and to make measurements using thermal test objects. For instance, we will measure the
actual intensity profiles, both laterally and axially, and then apply improved methods of
predicting temperature rise. These procedures will be similar to the work already published
by Adam Shaw (see accompanying publication) and also include predictions based on finite
element calculations. As far as measurements are concerned, these will be based on thermal
test objects which are a further development of the work of Bacon and Shaw (copy of paper
enclosed) and will follow the work being developed within IEC. In answer your specific
question, more detailed results of our work on validating thermal test object test methods
~ be made available to manufacturers collaborating with us on this project ~ any

results are published.

...~...I

8i
Co
"7



.......

Notification of results prior to publication
For Stage I, each manufacturer who provides us with data will be provided with the results
for their systems before they are published. They will be given time to respond as indicated
previously. For Stage n and nI, in cases where manufacturers have provided systems for
more detailed evaluation, we would provide each company with results for their particular
systems, again before publication. At all stages we would endeavour to deal with any
concerns and queries before final compilation for publication. All those who cooperated in
providing Stage I data, even if their systems did not proceed to Stage II and II, will be
provided with a copy of the final report.

.....

In conclusion, our aim is to keep manufacturers informed of the results prior to any
publication. However, as pointed out previously, when we provide results to manufacturers
before publication, we will have to limit the response time available to be within 4/6 weeks
and we will endeavour to resolve problems prior to publication.

....

A number of NEMA members have already provided us with very useful acoustic data.. I
hope that those members who have not yet made up their minds will recognise the
advantages of supplying pristine equipment and of being able to comment on results at an
early stage and will co-operate with our project.

...

I hope that I have provided the assurance that you and your members are seeking and hope
that this will allow the project to proceed more rapidly.

......

Yours

flJ I.'\, ~~oy C Preston

Division of Radiation Science and Acoustics

..

Copy:

.

Dr A Calverd, DoH
Mr Gordon Higson, MTC Europe

.....
«
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National Electrical Manufacturers Associatior I2101 L Street, N.W. Suite 30C
I Washington, D.C. 20037 (202) 457-840C

Fax (202) 457-8411

....

Diagnostic Imaging and Therapy Systems Division

IMarch 15, 1995

....

Dr. Adam Shaw and Dr. Roy Preston:
National Physical Laboratory
Division of Radiation Science and Acoustics
Queens Road
Teddington, Middlesex

lUNITED KINGDOM TWll OLW

.

Dear Adam Shaw and Roy Preston:

.

Thank you for your telefax of M'arch ~5, 1995.

.

since the Ultrasound Imaging section has a very full
agenda, we would like to have you come to our meeting at about 2:15
p.m., to discuss the NFL Project. In this way, we can address these
issues early in the meetinq, and resume the NEMA meetingthereafter.

8'

..

The meeting will be held in Pacific 4B in the Marriott
Hotel. The hotel is located at 55 Fourth Street in downtown San
Francisco.

...

If you have any questions, please feel free to call me.

.

I look forward to our meeting on Tuesday, March 28

...............
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....

APPENDIX E.

.

Comments by manufacturers on preliminary report of September 1996.

...

No comments relating to the general presentation of the preliminary report were returned.
Specific technical comments relating to the tables of results were received from Aloka and
B&K and are reproduced in this Appendix along with NPL responses to the comments. Tables
1 and 3 have been modified from the preliminary report in the light of these comments. The
comments from Aloka included several additional pages which contained acoustic output data

and thermal index values; these pages have not been reproduced.

.........................



'96 11/19 Tt~ 15:32 FAX 0428 32 3155 ALOK.~ HE Service

.

~OO2

..

Co..ent for NPL report .Assessaent of the Iik.Iy ther.aI index values for
pulsed Doppler ultrasonic equip.ent-Stage I: calculation based on .anu-
facturers' data.

.

'96/11/18 Miwa.Naito and Toshiyuki.Matsunaka

...

We re-calculated all therual index values using data which were provided
by Aloka. and we found that SODe results of our calculation were different
from those of NPL.
The v.alues of NCRP b, r _Fl. ~ I_B. NEMA TIS and rIB of NPL Are very -close
to those of Aloka. On the other hand, the Talues of NCRP A T_D4, AT_F2.
AT_F3. NRKA TIC of NPL are not consistent with Aloka's results.

...

We send you our calculation results which are different from those of
NPL with N*' on Table 1 and excel calculation sheets for each probe.
Please cbe~k the.. Ie hope the report to be published will be corrected.

.

1. NCRP A T_F2 and A T_F3 value

.

With reference to Eq.5.25, we suggest it should be worked well with d in
the Eq. 5.23 better than actual 6dB beah diameter, d6. Even if using d6
-value. we think sollething wrong for NFL's results of A.T_F2 and A.T_F3.

......

We calculate ~ T_rs using d and d6 each.
The results of ~ T_Fl using d6 are very consistent with the result~ of NPL
But the results of 6T_F2 and 6T_F3 of NPL are extre.ely high.
Although we don't know other manufacturer's raw data, we think their
~esults of ~1_f2 and 6T_F3 derived by NPL will be not correct. For
example. NPL derived results as follows. in the cases of ArL. HDI 3000.
P3-2 on Table 2. the ratio; 6 T_Fl/h. T_F2=1.1/7.1:.0.15. and AT_F2/6 T_F3
=7.1/8.0=0.89.
Those of ratio do not coincide with each other.

~. However the ratio (A T_FI/A T_F2) lIust be equal to (A T_F2/AT_F3),
rea sOP is as follows.

the

From Eq.lO.l(NCRP 113 p.169). ideg is

.

f is frequency
Al is 1.0 dB/MHz
A2 is 0.15 dB/IlHz
A3 is 0.5 dB/MHz

.

ideg=(J*_deg)*10-(Af/1O)
Wdeg_Fl=(W*_deg)*104(Al*f/1O)
Wdeg_F2=(W*_deg)*10A(A2*f/l0)
Wdeg_F3=(W+_deg)*lO4(A3*f/lO)

..

fJ.1:WO/ideg \'0 is total poyer

.

6. T_Fl/A T_F2=10-{-(AI-A2)*f/IO}=lO-(-O.O25f)
/), T_F2/A T_F3~lO-{-(A2-A3)*f/l0}~lO-(-O.O25f)

.

Plea~e check your e%cel calculation sheet.

.

In the calculation of A T_Fs. i*_deg defined by Ea.5.25 must be used.
But in the cases of A T_F2 and ~ 1_F3, we guess NfL reffers to '._deg for
d 1_B defined by EQ.5.14 instead of W*_deg for AT_Fs.

..

W+_deg=(lOl/f)/(1-O.321n(d»
W*_deg~4*d6

Eq. 5. 25 fot ~ T_Fs
Eq. 5. 14 for A T_B

..
-1

..
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Our Ref:
Your Ref:

ANO601

.

Dr T Matsunaka
Aloka
3-7-19 lmai
Ohme-Shi
Tokyo 198
JAPAN

.....

Dear Dr Matsunaka 23 January 1997

.

Thermal index project for UK Department of Health

....

Thank you very much for commenting on our report ClRA(RES)OO8 -Assessment of
the likely thermal index values for pulsed Doppler ultrasonic equipment -Stage I:
calculation based on manufacturers' data. You have clearly put a great deal of
effort in to checking our calculations for your equipment. I will reproduce pages 1
and 2 of your comments in our final report along with this letter; I will not
reproduce the other pages, since they contain acoustic output values which you may
not want published. I will answer each of your four itemised comments in turn.

.....

1. NCRP .1T_F2 and .1T_F3 val lIes
In calculating the values for NCRP _F2 and NCRP _F3 in our tables, we have
followed the flow-chart given on page 160 of NCRP report 113 (Chapter 10.
Conclusions and Recommendations). According to this flow-chart, the first
trimester foetal model assumes a soft tissue target at the focus of the beam, whereas
the second and third trimester models assume that the target tissue is bone (this is
because bone mineralisation, and acoustic absorption, increases with gestational
age). This means that the ratio of NCRP _F1:NCRP _F2 should be different to the
ratio of NCRP _F2:NCRP _F3 and also that the NCRP _F2 and NCRP _F3 values will
be high.

.....

2. Radius of curvature
This was a common misunderstanding (see next paragraph).
values from our data sheets.

We have removed these

..
3. NCRP ~T_H4 value
Strictly, your procedure for calculating NCRP _H4 is correct. However, the concept
of a radius of curvature of the acoustic wavefront only really applies to a focussed
bowl transducer. Generally, if a value for radius of curvature was supplied by a

....



Fri, 15 Nov 96 13:45:20 GMT NPL report CIRA(RES)OO8

.ar dr. Shaw,

Was nice to speak with you during the TC87 meeting in Charlottenlund.

~eCeiveq the NPL report from Bj0rn Fortling in our UK office.

,ere seems to be some misunderstandings in the table for B&K 3535.

The probe combinations with 1850 are not possible. I beleive, 1850 (a motor
ait for transducers 8523,30,31 ,33,39)should be deleted, at least the
fractional bandwith seems correct for 8542,43,44 and 45. There is no
.tating axis then, the 60 degrees are simply the sector angle of a curved
array. This is also valid for 8553 and 54.

'wonder, how you derive the high numbers(NCRP F2,F3,B) for 8553. It is
niriy similar to 8543 (without 1850, I assume), also in terms of Ispta and
'pbwer. Actually,8543 has the highest Ispta and power numbers but gives low
~PR F2 etc.??

jease indicate the user guide version( s) from which you used the acoustic data.

.Lam looking forward to solve these problems. Please feel free to contact
I.e for further information.

8>urs Sincerely

'illy Brrender

'&K Ultrasound Systems
jandtoften 9, OK 2820 Gentofte, Denmark

1
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Our Ref:
Your Ref:

ANO601

...

Dr V Braender
B&K Ultrasound Systems
Sandtoften 9
DK2820 Gentofte
DENMARK

...

Dear Dr Braender 23 January 1997

.

Thennal index project for UK Department of Health

.

Thank you very much for commenting on our report CIRA(RES)OO8 -Assessment of
the likely thennal index values for pulsed Doppler ultrasonic equipment -Stage I:
calculation based on manufacturers' data. I will reproduce your Email in the final
version of our report along with this letter. You have made two comments which I
will address below.

....

Firstly, my apologies for the incorrect numbering of some of your transducers; we
have corrected this on our data sheets. I

..

Secondly, we have discussed the high values for NCRP F2, F3 and B by 'phone and
agreed that these values may be due to some inconsistencies in the acoustic data
provided since the data is drawn from different tables in your user manuals and may
not all apply to the same combination of scanner settings. I have added some
additional comments to our table of results for your equipment.

..

I will send you a copy of the final report shortly. Many thanks for all your help.

.

Yours sincerely

...

AdamSbaw
Centre for Ionizing Radiation and Acoustics
tel: +44 (0)181 943 6581
fax: +44 (0)181 943 6161
Email: AS@np1.co.uk

......
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APPENDIX F.

..

Example spreadsheet
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...

APPENDIX G.

..

Guidance for use of spreadsheet

..

Note: this is an extract.

.

Page numbers and references to Appendices and Sections do NOT refer to parts of this
current report. I

........................



...

2.3

.

ENTERING DATA

.

A sample spreadsheet is given in Appendix A.

..

The spreadsheet is divided into a number of main areas: a description of the equipment,
nominal values describing the transducer, operating conditions and other notes, measured
acoustic parameters, variation of intensity with distance from the transducer, and Thermal
and Mechanical Indices. The main difficulty that will be encountered is that the information
given by the.:manufacturer is often .in a different form to'that present on the spreadsheet. This
section should provide some help in deciding how to enter the most appropriate values into
the spreadsheet.

...

There is no need to fill in all the data cells in the spreadsheet. Any values which are not
known should simply be left blank or as 'NA#' (meaning 'Not Available'). The calculation
cells will attempt to give a best estimate of any important parameters which are not known.
The most important data cells are those which describe the scanner/transducer combination
and the outlined cells in the Measured Values section. The latter allow thermal indices to be
calculated; the former allow calculated thermal indices to be associated with particular
equipment. It is important to describe the equipment and operating conditions as fully as
possible to maintain traceabilty.

.....

In the instructions that follow, cells are referred to by their column and row numbers: eg B8
is the cell in column B on row 8.

...

2.3.1 Equipment

.

Manufacturer
The name of the manufacturer should be inserted in B8 (eg.Hewlett Packard, ATL)

.

Platfonn Type
The model name or number of the platform, also referred to as the 'system' or 'scanner',
should be inserted in BIO.

..

Platfonn Description
Enter any other information which may identify the platform in Bll (eg. the platform may
be designated for cardiovascular use, or software update may be included).

...

Transducer Type
This may also be referred to as the 'probe' and should be inserted in B13. There may be
initially some confusion as to which is the 'Platform Type' and which is the 'Transducer
Type'. Typically, many different transducers can be used with each platform. It may also be
possible for the same transducer to be used with several platforms.

....
SOFTWARE VERSION 1.0 PAGE 9 OF 22
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...

Transducer Description
This should include what sort of transducer it is ego phased array, linear array, and should
be inserted in B14.

...

2.3.2 Nominal Values

..

These are approximate values which the manufacturer has provided to describe the
transducer. In the event that a measured value is not available for a particular acoustical
parameter~ the corresponding nominal value may allow an estimate of thermal or mechanical
indices to be made.

..

As values are entered or calculated for any acoustic parameter, the magnitude of the entered
number is automatically checked to see if it falls within the range expected. If it does not,
a series of question marks are appended to the required units in the column immediately to
the right of the number. If the question marks appear, check carefully that the correct units
have been used: common confusions are W cm-2 or W m-2 in place of mW cni and cm in
place of mm, or vice versa. The question marks are simply to alert the user and do not
prevent any calculations being carried out; if the number has been entered correctly, ignore
the question marks.

......

Scanned or unscanned
Enter 'Unscanned' for pulsed Doppler or M-mode or 'scanned' for B-mode and colour flow
Doppler in E8. The default value is 'Unscanned'.

..

Nominal frequency
The frequency given by the manufacturer, possibly as part of the transducer type number,
to indicate approximately the acoustic frequency of the transducer. This should be placed in
E9.

...

Transducer diameter
The width or diameter of the body of the transducer parallel to the scan plane and
perpendicular to the scan plane should be placed in EIO and Ell respectively. Sometimes the
transducer area will be given instead; in this case, the square root of this area should be
entered in both EIO and Ell. If the transducer is circular, however, the diameter may be
calculated exactly from d = (4 A / 7r)'/:. Some confusion may arise between 'Transducer
Diameter' and 'Radiating Diameter' (see later).

....

Rectangular or circular
The shape of radiating face of the transducer should be inserted in E12. This information
may be given along with the transducer type or description by the manufacturer. The default
is 'Rectangular'.

...

Radius of curvature
The radius of curvature should be inserted in E13. This is the concave curvature of the
wavefronts emitted by the probe, nor the (generally convex) curvature of the actual probe,

.
SOFlWARE VERSION 1.0 PAGE 10 OF 22
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...

and is related to the focal length. Generally, this information will only be available for
mechanical sector scanning transducers.

..

Nominal focal depth
This may also be referred to as the mechanical focus and is an approximate value for the
focal length which may be given along with the transducer type or description by the
manufacturer. This should be entered in E14.

....

2.3.3 Notes'

..

Operating Conditions
The measured values obtained by the manufacturer correspond to particular operating
conditions ie. settings of scanner controls. These conditions include power settings,
gatewidths, whether conditions were set to obtain maximum thermal indices or not, pulse
repetition rate or frequency (PRR or PRF) etc. Any information which may be relevant
should be entered in AI?

...

After entering the information, ensure that the full contents of the cell are displayed by
placing the cursor in the grey border between rows '17' and '18' and dragging down the
cursor while holding down the left button of the mouse.

..

Other notes
Any other useful information provided by the manufacturer which does not have its own
specific box should be inserted in B 17. Also, any values which are estimated and not
supplied directly by the manufacturer should be explained here.

..

Other notes or observations which may be useful can be entered into any unused cells on the
worksheet.

...

2.3.4 ~easured values

.

The values appearing in this section are those of important acoustical parameters for the
platform/transducer combination in question and should have been measured under the
operating conditions described in 2.3.3. These values are used in the calculation cells to
estimate thermal indices. This section is split into two parts; one including data which is
essential for the calculation of thermal indices, and the other including non-essential data
which may be supplied for completeness. Each part has two columns of data cells -for free-
field and derated values -the cell with the more pronounced border in each case being the
value which is more directly required by the NCRP or AIUM/NEMA formulae. There is no
need to enter a value in both columns. If the manufacturer supplies a free-field value for
intensity or pressure, enter it in the free-field column; if a derated value is given, enter it in
the derated column. The third column, headed 'Used' contains calculation cells and must not
be altered.

......
Free-field values are those obtained in water, whilst derated values may also be referred to

.
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...

as 'in situ' values. Some manufacturers may indicate that a value is derated by the use of a
subscript ego SPT A.3 indicates I.Pla derated by 0.3 dB cm-J MHrJ.

.

The question often arises as to whether a given value is derated or not -some judgement
must be used in these cases. For instance, if most of the values have been derated, but one
parameter is unspecified, it is probably derated too. Generally, when a value is derated the
derating constant (0.3 dB cm-1 MHz-I) will be quoted.

...

As values are entered or calculated for any acoustic parameter, the magnitude of the number
is automatically checked to see if it falls within the range expected. If it does not, a series
of question marks are appended .to the required units in the column immediately to the right
of the 'Used' column. If the question marks appear, check carefully that the correct units
have been used: common confusions are W cm-2 or W m-2 in place of mW crnz and cm in
place of mm, or vice versa.

..

The source of the numbers in the 'Used' column will be reflected by any advice given in red
in the second column to the right. Check that the comments here correspond with your own

expectations.

.

~SENTIAL DATA

..

Centre frequency
This should be placed in E20(free-field) or F20(derated). If it is not clear which cell
to place it in, it is most likely to be a free-field value.

......

Radiating diameter
The diameter of the radiating area of the transducer parallel to the scan plane and
perpendicular to the scan plane should be inserted in E21 and E22 respectively, as
the values will be the same in the free-field as in the derated case. The 'Radiating
diameters' may also be referred to as the 'entrance azimuth' and 'entrance elevation'.
If only the radiating area is given, the diameters may be estimated by taking the

square root of the area for a rectangular aperture, or v4 x Area / 1t for a circular

transducer.

.

Note: the 'transducer diameters' described earlier give the dimensions of the body
of the probe, whereas the 'radiating diameters' give the dimensions of the active
region of the transducer face which is generating the ultrasound.

..

Focal distance
This is the distance from the transducer face at which the I.pIa is a maximum. The
direction of propagation of the ultrasound is normally defined as being in the z-
direction, so the focal distance may often be described as 'z-Isptamax' or similar. The
free-field Ispta reaches a maximum at further from the transducer than the derated
Ispta so it is important whether the value given refers to the free-field or derated
maximum and to enter the value in the correct column.

.....
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....

Focal Diameters
These give the -6dB diameter of the beam parallel and perpendicular to the scan plane
at the focal distance. If the beam area is given, the focal diameters may be estimated
by taking the square root of the beam area. A default value of 5 wavelengths is taken
if a measured beam width or area is not known.

...

SPT A intensity
This is the spatial-peak temporal-average intensity and is the maximum time-averaged
intensity in the beam; it occurs at a distance from the transducer equal to the focal
distance. Take care to enter the value in the correct column. Generally, if the position
of the free-field focus is given, IsPIa will also be free-field, and if the position of the
derated focus is given, Ispta will also be derated. However, it is possible that the free-
field ISPIa measured at the position of the derated focus will be given; in which case
the ~ should be placed in the free-field column and the focal distance placed in the
derated column.

.....

Power
This is the total acoustic energy generated by the scanner per second, and will
normally be a free-field value. It should be placed in E27. Sometimes a derated
power measured at the focus may be given. In this case, enter the value in F27.

...

NON-ESSENTIAL DATA

..

Pulse repetition rate
This is the number of pulses emitted by the transducer per second -sometimes
referred to as the Pulse Repetition Frequency (abbreviated to PRR or PRF).

..

SPP A Intensity
This is the spatial-peak pulse-average intensity, and is the average intensity over the
duration of a single pulse.

..

Positive Pressure
The maximum positive pressure (either free-field or derated) in the field. If only the
value at the focus is known, use this instead.

...

Negative Pressure
The maximum negative pressure in the field (see Positive Pressure above). This
parameter, whilst not needed to calculate thermal indices, is essential to calculate the
AlUM Mechanical Index.

..

2.3.5 Axial variation

.

This section of the spreadsheet should include axial information on the beam which should
allow a graph of free-field or derated intensity against distance from the transducer to be
drawn in the spreadsheet. If the infonnation is available, perhaps in the form of a graph
supplied by the manufacturer, include sufficient points to give a good representation of the
axial intensity profile.

...
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...

The first three rows contain data cells. The following four rows contain calculation cells;
these are described in Section 4 and must not be altered.

..

If it is necessary to include intensity values at more than II distances, select all the cells in
the last column and move them to the right pressing the right mouse button and selecting

Insert.

...

Distance
Enter the distance from the transducer at which each intensity value was measured.

.

Free-field intensity
Enter the free-field temporal-average intensity measured at each of the distances
specified above.

..

Derated intensity
Enter the derated temporal-average intensity measured at each of the distances
specified above.

..

2.3.6 Predicted thermal indices

.

All the calculations are for unscanned ultrasound beams. The details of the thermal index
calculations are given in Section 3.4. Advice in interpreting the answers is given in
Section 2.3.

...

NCRP
The NCRP figures are calculated according to the simpler Category I algorithms described
in Section 10.7 of NCRP Report 113 on the assumption that the ratio of the beam dimensions
in the two perpendicular directions does no exceed 5. For more details refer to the following
NCRP sections:

Homogeneous NCRP Section 10.7.2
Obstetric NCRP Section 10.7.3
Bone NCRP Section 10.7.6

.......

AIUM/NEMA
The AIUM/NEMA figures are calculated according to the formulae given in Tables 2-1 and
2-2 of the publication. For more details refer to the following sections:

Soft tissue AIUM/NEMA Sections 6.2.6, A5.I.2 and A5.I.3
Bone at focus AIUM/NEMA Sections 6.2.5 and A5.I.4
Bone at surface AIUM/NEMA Sections 6.2.7 and A5.I.5

...

2.3.7 Predicted mechanical index

.

This calculation is provided for interest when peak negative acoustic pressure is known. The
mechanical index (M.I.) is beginning to appear on some scanners, and is related to the
possibility of cavitation occurring. For more details refer to AIUM/NEMA Sections 6.2.4

..
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and B3

..

2.3.8 Warnings and cautions

.

Two sets of warnings and cautions are presented in red text on the spreadsheet. The first
group is to the right of the input data cells in the Measured Values region, with an additional
warning below the Axial Variation region. This group confirms the source of the numbers
which are calculated in the column labelled 'Used'; the use of the word 'Caution' indicates
that the corresponding used value does not ~ome from the measured value ideally required
by the thermal index calculations. The use of the word 'Warning' indicates that a lack of
measured data has required an approximation to be carried out which could introduce
significant errors in the assessment of thermal index. The reason for the caution or warning
is also given.

......

The second set of warnings and cautions are presented, also in red, below the calculated
thermal and mechanical indices to remind the user of the spreadsheet of possible sources of
uncertainty. This set is broadly similar to the first set described above.

...

2.3 INTERPRETING THE ANSWERS

...

NCRP
The NCRP formulae aim to give reasonable worst case estimates of the likely temperature
rise under certain standard conditions. They are largely based on a solution to the bio-heat
transfer equation proposed by Nyborg (1988). The solution assumes a simplified distribution
of intensity which can be calculated from the transducer size, radius of curvature, acoustic

frequency and total power; the solution also assumes that bloodflow in the heated region
produces cooling which can be modelled by the perfusion term proposed by Pennes (1948)
(ie the cooling term in Equation 1 is -CvT/T, where T is the time constant for perfusion -T is
given a value of 1000 seconds). The NCRP report contains tables of results which give
detailed estimates of the power needed to produce a temperature rise of 1°C; the formulae
on the spreadsheet are simplified upper estimates given by NCRP of the thermal index based
on those tables.

.......

AIUM/NEMA
The AIUM/NEMA thermal formulae are intended to give typical, rather than worst case,
estimates of the likely temperature rise under standard conditions. Their derivation is not so
well explained as. for the NCRP formulae, although the thermal formulae are largely based
on the work by Nyborg and colleagues for NCRP. Perfusion is slightly faster than that
assumed by NCRP: AIUM/NEMA have calculated a perfusion length of 1 cm (ie blood flow
prevents any heated region affecting the temperature at distances greater than 1 cm), roughly
corresponding to a 750 s perfusion time constant.

.....
Even calculating the thermal or mechanical indices according to the standard formulae

.
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requires care. Any errors in the values for the acoustic parameters will inevitably be reflected
in inaccurate assessments of the indices. For instance, if a nominal value of 3 MHz for
acoustic frequency is taken from the manufacturer's description of a transducer and it turns
out that the true frequency for the Doppler waveform is 2.25 MHz (which could well be the
case), the predicted thermal index will be in error by (3-2.25)/3 = 25 % for the NCRP soft
tissue model. Or, if the aperture area is asssumed to be 1.1 cm2 from nominal dimensions,
when the true value is 0.9 cm2 could increase the AIUM/NEMA soft tissue thermal index
by more than 60% for a 5 MHz waveform; this is because AIUM/NEMA model B applies
for aperture areas greater than 1 cm2 and model C applies for smaller apertures. The
warnings and cautions listed in the spreadsheet are therefore very important and should be
noted.

.......

The lesson is that even small changes in the measured acoustic output or the way information
is presented, can lead to large changes in the calculated thermal index for a piece of
equipment. A factor of 1.5 or even 2 could easily be accounted for in this way, so there is
no need to be unduly concerned if one piece of equipment gives a thermal index of 0.9 and
another gives a thermal index of 1.1. The value of the mechanical index is less sensitive to
small changes in the measured output.

..........

Further Reading
AIUM/NEMA (1992). 'Standard for real-time display of thermal and mechanical acoustic
output indices on diagnostic ultrasound equipment', UD3-1992, (American Institute of
Ultrasound in Medicine/National Electrical Manufacturers' Association).
NCRP (1992). 'Exposure criteria for medical diagnostic ultrasound: I. criteria based on
thermal mechanisms', NCRP report I 13, (National Council on Radiation Protection and
Measurement, USA).
NYBORG, W L (1988). 'Solutions of the bio-heat transfer equation', Physics in Medicine and
Biology, 33, no 7, pp 785-92.
PENNES, H H (1948). 'Analysis of tissue and arterial blood temperatures in the resting human
forearm', Journal of Applied Physiology, 1, no 2, pp 93-122.

...........
PAGE 16 OF 22

.
SOFTWARE VERSION 1.0

..




