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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.
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1. 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 Ultrasound in Medicine (WFUMB, 1992), the European Federation of Societies
for Ultrasound in Medicine (EFSUMB, 1996) the International Electrotechnical Commission
(IEC, 1992), the National Council for Radiation Protection (NCRP, 1992),-the American
Institute for Ultrasound in Medicine (ATUM/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 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.

2 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.

3. The UK needs to develop an independent view in this field so as to support its position
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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
information available in the scientific literature in a form 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 II 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 inform 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.
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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 estimate the maximum temperature rise which could occur during diagnostic
examination 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
ATUM/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 AIUM approach is to give a 'typical’ value. One would therefore expect
that the NCRP values would be higher than the ATUM 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:

I= " acoustic frequency

1= spatial-peak temporal-average intensity
3 total power

4 focal beamwidth

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, L,

3
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and, for unscanned pulsed Doppler beams, the spreadsheet can estimate total power from Ly
and focal beamwidth, the beamwidth being estimated from the acoustic frequency if necessary
Consequently, some estimate of the temperature rise can be gained as long the acoustic
frequency and I,,, are known.
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3. COMMUNICATION WITH MANUFACTURERS/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 request 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 AIUM
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)008 - Assessment of the likely thermal index values for pulsed
Doppler ultrasonic equipment - Stage 1: calculation based on manufacturers' data, dated
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4. THERMAL INDEX RESULTS

The following Tables 1 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.xIs, 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 ATUM/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 TIB
are maximum for different operating conditions, or where acoustic data is reported in different
formats: for instance, according to IEC1157 and to FDAS10(k).
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INTERPRETING THE 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.

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

There is no AIUM equivalent of the NCRP foetal models.

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
F1, F2 and F3 will not be relevant.

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 F1, F2 and F3 may be overestimates.

The ATUM 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.
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Table 1

Thermal Index values for Aloka SSD-2000.
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NOTES

This table must be read in conjunction with cautions a) to f) on page 9.
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Table 2 Thermal Index values for ATL Ultramark 9 HDI and HDI 3000.
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NCRPH4 NCRPF1 NCRPF2 NCRPF3 NCRPB
30 03 17 21 14
08 0.2 10 12 08
11 04 17 22 14
0.7 0.1 0.2 03 0.2
08 0.1 07 10 05
08 0.1 0.7 1.0 0.5
n/a n/a nfa na na
18 08 5.2 58 46
12 08 5.5 6.2 49
18 10 6.4 72 57
03 0.2 12 14 11

- 34

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

12
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Table 3 Thermal Index values for B&K 3535

NCRP H4 NCRP F1 NCRP F2 NCRP F3 NCRP B

24

NOTES
This table must be read in conjunction with cautions a) to f) 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, 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 I, and
beamwidth.

13
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Table 4 Thermal Index values for Hewlett Packard Sonos 1000.
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Table 5 Thermal Index values for IGE Logiq 500.

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

15
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Table 6 Thermal Index values for Kretz Combison 530.

Kretz Technic

fisarinar Prote (hprating conginere MCRPH4 NCREF1 MCRPFZ NCRPFY NCRAPS ns T8 L=

Cornbeon 530 TV T Frowees Sl & FOCUS MEAR, TMHI o4 [ %] [1) (%] al az -] ]
GatewEn Tmm - BRAF 31 8-z

Combmon 530 WWWINMD Pows! pettng 11 Focus FAR T WMH2 a? o2 os 13 e o4 16 os
Gatewihth mm PRF 1385 ke

Combeson 530  |CAS 58 Focai gone &, peieectn = Tmm, prf = 45 10 31 4% 21 aag 18 Jd
13 Bl powssr selling = 15

Combmon 530 AWF1 S Focus rong & Power seftrg 20 Gateweih a5 1.8 a1 . 432 23 48 1§
2 5mm PRE D ke

Compman 530 ACAI S Powni seting 16 Focal zome 5 Gatewssn ano 18 &0 T2 49 1.3 25 28
2.5mm. FRF S 23K

Combeon 530 EWST Fowenr petong 1) Focus FAR Sz 15 a7 38 4.5 v 114 a0 1.3
Gatewelth 7 Smen. PRF: 28

Combmon 530 ACAH Fowenr sething 70 Focai zone S Dty E2 21 55 ga 80 r il e 43
Tmin  PRFE Sk

Combmon 530 YWTMD NEAR Powenr satting 11 Focus = NEAR, 10MHZ R o0 o3 o8 o2 6a 06 B3
CGatmeidth tmim FRF 138 o2

NOTES

This table must be read in conjunction

with cautions a) to f) on page 9.
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Table 7 Thermal Index values for Philips P700.
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P700

Operating conditions

LA3510

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

17
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Table 8 Thermal Index values for Toshiba SSA-270, SSA-250A and SSH-140A..

NCRPH4 NCRPF1 NCRPF2 NCRPF3 NCRPB

0.2 bl 0.6 o

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

18
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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 ATUM/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.

TI NCRPH4 NCRPFI NCRPF2 NCRPF3 NCRPB TIS TIB TIC
<1.0 48 100 39 29 43 82 36 66
1.0-1.5 23 15 10 13 19 13 21 12
1.5-3.0 26 2 31 26 26 16 31 31
3.0-5.0 11 3 17 22 17 2 13 9
5.0-10.0 6 0 20 26 11 0 0 1
> 10 0 0 3 4 3 0 0 0

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.
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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-1 and n, where n is the

indicated TI value).

TI model

" NCRP B

s L7

NCRP F3
CRP F2

7 NCRPF1
NERP He

g:

* P
o
-
=R
&= e
[
=
= —
% =

Aouanbai4y

20



CIRA(EXT)018

6. ACKNOWLEDGEMENTS

The authors gratefully acknowledge the support of the UK Department of Health in funding
this project and the manufacturers and suppliers who have contributed to it.

7. REFERENCES

AIUM/NEMA (1992) Standard for real-time display of thermal and mechanical acoustic
output indices on diagnostic ultrasound equipment, ATUM report UD3-1992 (American
Institute of Ultrasound in Medicine, Rockville, Maryland, USA). ’
BMUS (1988) Prudent use of diagnostic ultrasound, British Medical Ultrasound Society
Bulletin, 50.

EC (1993) Medical Device Directive (93/42/EEC), Official Journal of the European
Communities, 36(1.169). _

EUROPEAN FEDERATION OF SOCIETIES FOR ULTRASOUND IN MEDICINE AND
BIOLOGY (EFSUMB) (1996, London, WIN 3DG, UK.) Clinical safety statement for
diagnostic ultrasound, EFSUMB Newsletter, 10 Nol, p10.

FDA (1985) 510(k) Guide for measurement and reporting acoustic output of diagnostic
ultrasound (Food and Drug Administration., Center for Devices and Radiological Health,
Rockville, Maryland, USA).

INTERNATIONAL ELECTROTECHNICAL COMMISSION (1992) IEC1157:1992 -
Requirements for the declaration of the acoustic output of medical diagnostic ultrasonic
equipment (IEC, Geneva, Switzerland).

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS (NCRP)
(1992, NCRP Publications, Bethesda, MD 20814, USA.) Exposure criteria for medical
diagnostic ultrasound: 1. Criteria based on thermal mechanisms., NCRP report no. 113.
ROYAL COLLEGE OF OBSTETRICIANS AND GYNAECOLOGISTS (1984) Report of the
RCOG working party on routine ultrasound exaination in pregnancy, Press release, London.
ROYAL COLLEGE OF RADIOGRAPHERS (1985) Press release, London.

WORLD FEDERATION FOR ULTRASOUND IN MEDICINE AND BIOLOGY (WFUMB)
(1992) WFUMB symposium on safety and standardisation in medical ultrasound. , Ultrasound
in Med & Biol, 18 No.9, 748.

21



CIRA(EXT)018

APPENDIX A.

Letter of support from DoH



0902am1

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 1 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

i

Dr A M Calverd

MPROV NG THE HEALTH OF THE NATION
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First call for data



Direct line
Our ref
Your ref
Date

NPLE

Mr Richard Kirby

_Chairmap National Physical Laboratc
Ultrasound Manufacturers’
and Suppliers’ Association Teddington
PO Box 66 | iddlesex
nited Kingdom
Stevenage TW110LW
Herts SGI1 SS Switchboard
081-977 3222
Telex 262344 NPLG
081-943-6154 Fax 081-943 2155
NPR 3/6/9 Local fax 081 943 6161

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 manufacture or market pulsed Doppler diagnostic ultrasonic equipment in the UK.
As you will see, the letter specifically requests acoustic output information and secks 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 for 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 to giving it your
support. If you would like to discuss the project, please do not hesitate to contact me or
Adam Shaw (Tel: 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.

Yours—si nccr?

/,:4 //!j' .

Dr Ray C Preston

Division of Radiation Science and Acoustics
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Direct line
Our ref
Your ref
Date

NPLE

Manufacturer’s

Name and address National Physical Laborator

Teddington
Middlesex
United Kingdom
TWI10LW

Switchboard
081-977 3222

Telex 262344 NPL G
081-943-6154 Fax 081-943 2155
NPR 3/6/9 Local fax 081 943 6161

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 pro;ect
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

The National Physical Taboratory  an Frecutive Agency of the Department of Teade and tndustny
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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 (Tel: 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

The National Physical Laboratory is an Executive Agency of the Department of Trade and Industry



Project Outline

Stage 1

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 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 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 NCRP! and ATUM/NEMAZ? models are specified
on page 2, and manufacturers are asked to supply as much of this information as they can.

Stage 11

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 NCRP' and ATUM/NEMA? models. (Note: the thermal test objects have
been developed as part on NPL's measurement standards programme) These estimates will also be
published.

Stage 111

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

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 Stage I

In order carry out the calculations specified by NCRP' and AIUM/NEMAZ?, 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/NEMA? 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 other information which might
help us produce an accurate estimate for thar parameter.

1. NCRP, 1992. "Exposure criteria for medical diagnostic ultrasound: 1. 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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Project Qutline

Stage 1

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 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 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 NCRP' and AIUM/NEMA? models are specified
on page 4, and manufacturers are asked to supply as much of this information as they can.

Stage 11

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 NCRP' and ATUM/NEMA? models. (Note: the thermal test objects have
been developed as part on NPL’'s measurement standards programme) These estimates will also be
published.

Stage 111

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

To minimise the disturbance to manufacturers, these measurements will be carried out at the same
time as the Stage If 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?, 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 6161D) 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 parricular
parameter is not available, please try to give us any other information 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)

Notes

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, ‘condirions’ 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

Lpw)-

If you have not carried out measurements to the ODS, please supply us with results under
conditions which give maximum power or maximum I, for the scanner/probe combinations
concerned. (If you have carried our measurements 1o IEC1157, the values you have measured
will be those for maximum I_,). If you have made measurements under both conditions,



please supply both sets  data.

Adam Shaw

Division  Radiation Science and Acoustics
National Physical Laboratory

23 february 1995



Supply values measured under
conditions of
maximum Thermal Index

Do you have measurements
to AIUM/NEMA ODS?

Supply values measured under
conditions of
maximum power

Do you have measurements

under conditions of

maximum power?

Supply values measured under
Do you have measurements conditions of

to IEC1157? maximum temporal-average intensity

Do you have measurements Supply values measured under
under conditions of maximum conditions of

temporal-average intensity? maximum temporal-average intensity

T
|

NO

(Supply whatever information is available

(

Selection of measurement conditions for acoustic data to be
supplied for NPL project on Thermal Indices.

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

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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National Electrical Manufacturers Associatic

2101 L Street, N.W. Suite 3
m FNashington, D.C. 20037 (202) 457-84

Fax (202) 457-84

Diagnostic Imaging and Therapy Systems Divisic

May 31, 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 may misrepresent any
potential thermal hazard of diagnostic ultrasound equipment. NEMA
would 1like to know more details about your proposed test
methodology and test -object specifications and construction,
particularly those aspects relating to tissue| perfusion, acoustic
attenuation and thermal conductivity.

Given that you intend to name specific manufacturers’
equipment in your report, NEMA is especially | concerned about how
the final results will be published. In particular:

Will the resulting predictions and measurement data
be presented as realistic in~vivo temperature rise? If so,
will any test reports establishing |the wvalidity (and
limitations) of the methods and test objects developed in this
study be published prior to publication of 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 interim progress reports
prior to final publication? At what point 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 accurate 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 1look forward to your response to our questions

regarding the technical aspects and publishing plans of your
project. Please feel free to contact us if you have any questions.

Singerely .

(RE)

harles Grossman,
Chairman
NEMA Ultrasound Imaging Section,
Technical Committee
cc: Ultrasound Imaging Section
members
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Mr Charles Grossman National Physical Laboratory
Chairman, NEMA Ultrasound Imaging Section Teddington
Technical Committee Middlesex
National Electrical Manufacturers Association United Kingdom
2101 L Street, N.W. Suite 300 TWh oLw
Washington, D.C. 20037 e
U.S.A. N

Telex 262344 NPLG

: Fax 081-943 2155
ctline (g]-943-6154 ax 08

Jur ref NPR 3/6/9B Local tax +44 81 943 6161
ur ref

Date 7 jupe 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 raised important points and we
appreciate the interest being taken in this project. Before dealing with the specific points
raised, 1 would like to explain our position in relation 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. 1 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 reflected in the proposed publication. I do
however believe that this is an important aspect of the project and I will do my best to
ensure that manufacturers are kept informed and their comments are taken on board. It is
essential for manufacturers to realise however that NPL is contractually obligated to deliver
results to DoH which means that if manufacturers 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 | in mid-February and to date some major manufacturers
have yet to provide this information. Maybe the reason 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. 1 am therefore hoping that m;umfacturerﬁ will respond more rapidly
now and also at later stages of the project when their comments may be important. At later
stages, we will do our best to give manufacturers as much time as possible but it is difficult
to be precise at this stage but a response within four to six weeks would be expected.

Dealing with your specific points:

Details about the proposed test methodology

It should be noted that NPL is the UK National Standards Laboratory and has an on-
going programme for the development ol measurement standards in medical

The National Phvaical Laboratony is an Eaecutive Agency ot the Departmédat of Irade and industny
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ultrasonics. This programme includes, amongst other things, the development of
improved methods for theoretical prediction of ultrasonic heating and the
development of improved methods for experimentally determining temperature rise.
Some of the output of this work feeds into the international standards through
participation in IEC activities. Given these responsibilities, the processes of
systematic study and validation play an 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). Manufacturers have
been requested to provide values for 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 for manufacturers to comment on 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 I1 will involve selecting a subset of the transducer/systems identified in Stage I
and, with the collaboration of manutacturers, making more detailed acoustic output
measurements. The main purpose of these measurements will be to determine the
actual intensity distributions within the beams, 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 obtained in Stage | and also to enable predictions to be
made using more complete theoretical models. For instance, a number of different
methods of predicting temperature rise are now established at NPL including the use
of finite-element calculations. Note that so far all work is based on theoretical
predictions of temperature rise using measured acoustical data.

Stage 11 and Stage Il will also involve making temperature measurements using
thermal test objects closely simulating the NCRP and ODS models. These thermal
test objects are more refined versions of that illustrated in Figure | of the published
paper by Bacon and Shaw (copy attached) but with a number of significant
differences. First, attenuating medium will be employed in the propagation path in
order to simulate the model being matched (NCRP or ODS). Second, the thermal
sensor test object will be based on an encapsulated version to ensure reproducibility.
The thermal sensors used are thin film thermocouples which have been shown to
provide reliable measurements of temperature rise, overcoming problems of viscous
heating and thermal conduction problems experienced with wire thermocouples.

As far as the properties of the tissue mimicking materials are concerned, at the
region of the thermal sensor. attenuation of the soft tissue mimicking material will
be close to 0.44 dB em™ MHz' and thermal conductivity close to 0.5 W K' m™,
For the soft tissue thermal test object, the thermal sensor will be sandwiched

The National Physical Laboratory is an Eaecutive Agency of the Department of Trade and Industry
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between layers of gel. Small corrections based on theoretical analysis will be made
to account for deviations between the thermal test object configuration and that of
an ideal test object. l

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 same as that of the model being simulated (1000 s in the
case of NCRP and equivalent to 750 s for the ODS). It should be noted that the
importance of perfusion depends on the situation being considered. Perfusion plays
a less important role for narrow focused beams, for short exposure times and when

tissue/bone interfaces are being considered. |

Stage HI will also include work to mimic more closely clinical situations. The
models used by NCRP were worst case and those used for the ODS were reasonable
worst case, both being very simplified models. We have undertaken 1n the UK, also
partly supported by our Department 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, further 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 ODS. This will involve both
theoretical and experimental simulations. 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 manufacturers equipment.

In conclusion, an overriding consideration in the Department of Health project is
. . . . . |
therefore 1o obtain information based on:

* Comprehensive data on ultrasonic field quamities from manufacturers;
Comprehensive measurements ot acoustic field quantities;

Improved theoretical calculations taking into‘ account actual intensity
distributions in the beams;

Experimental measurements using test objects which closely simulate the
models being studied and incorporating corrections for perfusion (and other
artitacts) based on theoretical estimates. |

This work is expected to be published (in consultation with manufacturers).

The last stage, which would pot be correlated with par'ticular equipment, would
involve: |

* Improved models based on layered models derived from the analysis of

The National Physical Laboratory is an Executive Agency of the Department of Trade and Industry
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clinical scans.

Presentation_of results as in vive 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 vivo 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 prior to publication

As already indicated, the intention is to provide manufacturers with results prior to
them being finalised 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 the results are finalised, 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, 1 look forward to receiving full cooperation from manufacturers, and
the execution of a successful project.

Yours sincerely,

2

DA

Dr Rey C Preston
Division of Radiation Science and Acoustics

The National Physical Laboratory is an Executive Agency of the Departmeni of Trade and Industry



Natlonal Electrical Manufacturers Associa

2101 L Street, N.W. Suite
m Washington, D.C. 20037 (202) 457-8

Fax (202) 457-8

Jon—
Dr. A.M. Calverd August 2, 1994
Department of Health of the U.K.
Skipton House
80 London Road
Elephant and Castle
London SEl1 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 Ultrasound 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 NPL
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 Display of Thermal and Mechanical
Acoustic Output Indices on Diagnostic Ultrasound Equipment 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 bioceffects.

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 of this progect

“understood and satisfactorily answered. ( - e

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 manufagturers
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.

Thirdly, we are concerned about the way in which the



results of this project will be represented to ultrasound system
users and the public. Will NEMA be able to comment on the
presentation? Will wmanufacturers 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 disserviée to this™"lifesaving —technology to assign a
significance to results that do not represent actual in-vivo
scanning conditions.

Dr. Preston has stated that none of the results will be
presented on the basis that they represent in-vivo temperature
rises. 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 meeting for this
purpose, we would propose (for reasons of convenience) that NEMA be
represented by a U.K. resident, Mr. Gordon Higson. Mr. Higson 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 days time. - : S m e e

If you have any further questions, please do not hesitate
to contact me. 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.

cc: Ultrasound Imaging Section members Industry Manager



RESEARCH AND DEVELOPMENT DIVISION
DEPARTMENT OF HEALTH

SKIPTON HOUSE

80 LONDON ROAD

LONDON SE1 6LW

ENGLAND

TEL: +44 71 972 5645

FAX: +44 71 972 5670

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/NPL‘investigation 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: part
of its remit is the establishment of validated test methods. The entire procedure will be
subject to peer scrutiny through open publication, a policy consistent 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

Dr A M Calverd
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September 16, 1994
Dr. A.M. Calverd
Department of Health of the U.K.
Skipton House
80 London Road
Elephant and Castle
London SE1 6LW
UNITED KINGDOM

Dear Dr. Calverd:

Thank you for your letter of August 18, 1994 which came
in response to our gquestions in our letter of August 2. While you
have addressed scme of the issues we 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
based on thenm. Moreover, NEMA is not certain whether the methods
used in the Stage II calculations using thermal test objects for
making temperature measurements, will be made known to the NEMA
members before or after the NPL report has been published. Your
statement that the entire procedure 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 measurements is critical. NEMA would very much wish
to be informed of the test methods to be used at an early stage,
before publication, '

Your response to our request that the manufacturers be
Xept 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
al]l 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 teo discuss this issue with

him at that time.

Meanwhile, I will bring your request for responses from
NEMA before the Ultrasound Imaging Section membership, at our



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 te hearing from you.

Richard Eaton,

incustry manager
cc: Gordon Higson

Ultrasound Imaging Section members
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Mr Richard Eaton National Physical Laborator
Chairman, NEMA Ultrasound Imaging Section Teddington

Technical Committee Middlesex
National Electrical Manufacturers Association United Kingdom
2101 L Street, N.W. Suite 300 TW11 0LW
Washington,-D.C. 20037 Switchboard
U.S.A. 081-977 3222

Telex 262344 NPLG

Fax 081-943 2155
+44 181 943 6154 “ >

NPR 3/6/9B Local fax +44 181 943 6161

30 September 1994
Dear Mr Eaton,

Alan Calverd passed on to me a copy of a 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, we 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
will be made available to manufacturers collaborating with us on this project before any
results are published.



NPLEl

Notification of results prior to publication

For Stage 1, 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 II and III, 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 1I 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 aliow the project to proceed more rapidly.

Yours sincerely,
sty

V j'fl"' '..»KA
Dr Roy C Preston

Division of Radiation Science and Acoustics

Copy: Dr A Calverd, DoH
Mr Gordon Higson, MTC Europe

Natinnal Phuoaic /b vharaten vecutive Avency of the Nepartment of Trade and Inductry



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

m | washington, D.C. 20037 (202) 457-8
E Fax (202) 457-8
Diagnostic Imaging and Therapy Systems Divis

March 15, 1995

Dr. Adam Shaw and Dr. Roy Preston:

National Physical Laboratory

Division of Radiation Science and Acoustics
Queens Road

Teddington, Middlesex

UNITED KINGDOM TW1ll OLW

Dear Adam Shaw and Roy Preston:

Thank you for your telefax of March 15, 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 NPL Project. In this way, we can address these
issues early in the meeting, and resume the NEMA meeting
thereafter.

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 ne.

I look forward to our meeting on Tuesday, March 28

Sincer

S

ichard Eaton,
Industry Manager
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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 TUE 15:32 FAX 0428 32 3155 ALOKA ME Service Zoo2

Comment for NPL report “Assessment of the likely thermal index values for
pulsed Doppler ultrasonic equipment—Stage I: caleculation based on manu-
facturers’ data”

'86/11/18 Miwa.Naito and Toshiyuki.Matsunaka

We re-calculated all thermal index values using data which were provided
by Aloka, and we found that some results of our calculation were different
from those of NPL.

The values of NCRP AT_F1, A T_B, NEMA TIS and TIB of NPL are very close
to those of Aloka. On the other hand, the values of NCRP AT_H4, A T_F2,
A T_F3, NEMA TIC of NPL are not conmsistent with Aloka’s rezults.

¥e send vou our calculation results which are different from those of
NPL with “*” on Table 1 and excel calculation sheets for each probe.
Please check them. V¥Ye hope the report to be published will be corrected.

1. NCRP AT_F2 and AT_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 bezn diameter, d6. Even if ysing d6
value, we think something wronz for NPL's results of AT_F2 and A T_F3.

Ve calculate AT_Fs using d and d6 esch.
The results of AT_Fl using d6 are very consistent with the results of NPL
But the results of AT_F2 and AT_F3 of NPL are extremely high.
Although we don’t know other manufacturer’'s raw data, we think their
results of AT_F2 and AT_F3 derived by NPL will be not correct. For
example, NPL derived results as follows, in the cases of ATL, HDI 3000,
P3-2 on Table 2, the ratio; AT_F1/AT_F2=1.1/7.1=0.15, and AT_F2/A T_F3
=7.1/8. 0=0. 89,

Those of ratio do not coincide with each other.

However the ratio (A T_F1/A T_F2) must be equal to (A T_F2/AT_F3). the
reason is as follows,

From Eq.10.1(NCRP 113 p.169), Wdeg is

Wdeg=(W*_deg)*10" (Af/10) f is freguency

Vdeg_Fl=(We_deg)*10" (A1%£f/10) Al is 1.0 dB/MHz
Wdeg_F2=(¥W*_deg)*10~ (A2%£/10) A2 is 0.75 dR/MHz
¥deg _F3=(W«_deg)*10" (A3*f/10) A3 is 0.5 dB/MHz
A T=%0/Vdeg ¥0 is total power

AT_F1/AT_F2=10"{~(A1~A2)*£/10}=10"(-0.025¢f)
AT_F2/AT_F3=10"{-(A2-A3)*£/10}=10"(~0. 0256F)

Please check your excel calculation sheet.

In the calculation of A T_Fs, W*_deg defined by Eq.5.25 must be used.
But in the cases of A T_F2 and A T_F3, we guess NPL reffers to Wi_deg for
AT_B defined by Eq.5.14 instead of ¥+_deg for A T_Fs.

W¥_deg=(101/£)/(1-0.321n(d)) Eq.5.25 for AT_Fs
W*_deg=4+*db Eq.5.14 for AT_B



Our Ref: ANO0601
Your Ref:

Dr T Matsunaka
Aloka

3-7-19 Imai
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 CIRA(RES)008 - 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 AT F2 and AT F3 values

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). We have removed these
values from our data sheets.

3. NCRP AT 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



: VB Fri, 15 Nov 96 13:45:20 GMT NPL report CIRA(RES)008

dr. Shaw,
nice to speak with you during the TC87 meeting in Charlottenlund.

sived the NPL report from Bjarn Fortling in our UK office.

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

srobe combinations with 1850 are not possible. | beleive, 1850 (a motor
or transducers 8523,30,31,33,39)should be deleted, at least the

onal bandwith seems correct for 8542,43,44 and 45. There is no

ng axis then, the 60 degrees are simply the sector angle of a curved

. This is also valid for 8553 and 54.

ider, how you derive the high numbers(NCRP F2,F3,B) for 8553. itis
similar to 8543 (without 1850, | assume), also in terms of Ispta and

r. Actually,8543 has the highest Ispta and power numbers but gives low

R F2 etc.??

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

looking forward to solve these problems. Please feel free to contact
or further information.

s Sincerely

Braender

Ultrasound Systems
itoften 9, DK 2820 Gentofte, Denmark



QOur Ref: ANO0O601
Your Ref:

Dr V Braender

B&K Ultrasound Systems
Sandtoften 9

DK?2820 Gentofte
DENMARK

Dear Dr Braender 23 January 1997
Thermal index project for UK Department of Health

Thank you very much for commenting on our report CIRA(RES)008 - Assessment of
the likely thermal index values for pulsed Doppler ultrasonic equipment - Stage I:
calculation based on manufacturers’ data. 1 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.

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.

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

Yours sincerely

Adam Shaw

Centre for lonizing Radiation and Acoustics
tel: +44 (0)181 943 6581

fax: +44 (0)181 943 6161

Email: AS@npl.co.uk
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APPENDIX F.

Example spreadsheet



2/9/94 10:31 AM

PL spreadsheet for calculation of Thermal and Mechanical Indices from manufacturers’ scoustic data.
Pert of DoH project: Thermal Hezerd from Doppler Ultrssound .

orsion 1.0

Ater a8 much information as possible in the doubls lined region. Thermal and mechanical indices sre calculated in column B from row 20 onwards.

Crown Copyright, 1994,

Annuflscturar: Any company

Tatiorm Typa: Tapnotch

tatform descdptian: Femscan
educar typa: Alphus

ansducar descdption: hypar phagad

iparating canditlone: Cihar notes:

‘radiciad Tharmal indicas

CAP homoganacus n.s5e
AR Tt iremasias obaisiria .14
ICAP Irdd trenastsr pbatatrc 0.74
IR Jrd frerasier obeieirg 1.07
ICRAP bane 051
LU watt thaus T 0, 031
UM bama T 0. a.87
LIUM cranlal T, 81 }

”Imﬂsl irnd Cautssra

vom Raddl bt Marmaton wmad

et oot ol bes- Leld b erfy 5 ogresn

redicted Mechanical Index

UM MLI, 0.24

Varnings and Cautions

[DOH_SAMP XLSkalc thermal indices Page 1ot 1
Haminsl wiuss Scanned or unecenned! Urszamnad
Morminal frequency (MHE) T.00 MHg Commenis
Trarnduear disrmater fren] - 2000 mm Samphe workahes! only
Traraduzss dlarmeter bmem] « 1000 mm
Pagtanguler or obmular] Rantangular
Asdive of curvsture [mm)
MHaminal facel dimtance [mm) 2000 mvn
L I LT Farmirimlad Fron-fiukd Dwrwind Upad Unite Bausea
Emamsind dmts Cantre irnguancy (M) &40 .40 Mg Fraa Baill tardsn bogumry
Radisting dismatad jmemj - X a.ia B8.18] mm Fame Bl i nentoreg dymasm
Aedisting desmutnd |mem| - ¥ a.1a B_taf men Tramm B valationg dlmrrei o
Facal distincs [om] 1.08 3.08] e Easion posinion ol bos beld lucum ordy bn pwen
Focel dismeter lmml - X 1.17 117] e L T )
Facal dismaind lmmi - ¥ 1.17 1.17] men L e e pe gy
EFTA Imtenaity imWiem2] 457.00 1 040, 24 ) mWiemT  lepis celoadated b il pls
PFawar [m'W) 10.50 10.50] mW o arnd gt s wd
s ammrmial dimts Pulis mpatfithon rete (Ml 13,800 13,800 He
: BPPA Interaliy (mWiemidi o0 160,834 mwilem?
Poalilve pressurs (MPs) FHA
Magailve prassuss APa| 1.40 1 avl'.'l MPa
Ll vedation Diatanea fem) 1 DPEH 0.74 0.5 1,08 1.30 1,60 1.80 190 3.00 1.20 3,00
Fran-linld Iminnalty miWiem2
Darwind Immlh: [ e 2} 'I!n.l:lDl 13050 110.00 AQ.00 il e 310.00) A0 DD 410 I'.'IGI 439 60 I8T.00 170,80
ldarinll Diarated pavar ImW) nos T 737 a.m0 a.e 518 .74 FRCE] &34 187 .7
darie el Llwndd intunadty ImWieml) 120 130 110 L] i) 3io 450 470 430 aso 170
awlwnel Diatatad [Pewvar *Inlensiiy] | 1.1.] 1,002 B Jo4 494 1,805 1,885 1,804 1,089 1,508 AT4
[rtrnetl (Dwratnd Poorl) = {r>2bp) 0.00 0.00 0.00 .80 a1 8.1 &.74 4,53 &34 1,87 2.7
Secondery velues Aparture ares (em2) 0.38
Break peint distance {cm) 1.04
Z_B.3 (em) 1.80
AIUM model A IN/A
AlUM mode! B 0.20
AIUM model C 0.32
AlUM modsl D 0.87
AlUM model € 0.38

Page 1
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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. |



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).

Platform Type
The model name or number of the platform, also referred to as the ’system’ or ’scanner’,
should be inserted in B10.

Platform Description
Enter any other information which may identify the platform in B11 (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



Transducer Description
This should include what sort of transducer it is eg. 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? or W m? in place of mW cn? 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
ES.

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 E10 and E11 respectively. Sometimes the
transducer area will be given instead; in this case, the square root of this area should be
entered in both E10 and E11. If the transducer is circular, however, the diameter may be
calculated exactly from d = (4 A/ 7)*. 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
1s '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,
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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 A17.

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 B17. 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 Measured 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 eg. SPTA ; indicates L, derated by 0.3 dB cm™ MHZz'.

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™ MHz") 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™? or W m? in place of mW cn? 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.

ESSENTIAL 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 y4x Area/ m 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 Iu is @ 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-I,,,max’ 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 beamwidth or area is not known.

SPTA 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, I,,, will also be free-field, and if the position of the
derated focus is given, I, will also be derated. However, it is possible that the free-
field I,,, measured at the position of the derated focus will be given; in which case
the L, 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).

SPPA 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
AIUM 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 information 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 11 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 ATUM/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, A5.1.2 and AS5.1.3
Bone at focus AIUM/NEMA Sections 6.2.5 and AS5.1.4
Bone at surface AIUM/NEMA Sections 6.2.7 and AS.1.5

2.3.7 Predicted mechanical index

This calculation is provided for interest when peak negative acoustic pressure is known. The
mechanical index (M.1.) 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 come 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 -¢,T/r, where 7 is the time constant for perfusion - 7 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 ATUM/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 bloodflow
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 cm? from nominal dimensions,
when the true value is 0.9 cm? could increase the ATUM/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 cm? 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.
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