NEMA UD 3

STANDARD FOR

REAL-TIME DISPLAY OF
'TTHERMAL AND
MECHANICAL ACOUSTIC
OUTPUT INDICES ON
DIAGNOSTIC
ULTRASOUND
EQUIPMENT,

REVISION 2






NEMA Standards Publication UD 3-2004 (R2009)

Standard for Real-Time Display of Thermal and Mechanical
Acoustic Output Indices on Diagnostic Ultrasound Equipment,
Revision 2

Contains Errata

Reaffirmed August 4, 2009

Published by:

National Electrical Manufacturers Association
1300 North 17th Street, Suite 1752

Rosslyn, Virginia 22209-3801

www.nema.org

American Institute of Ultrasound in Medicine
14750 Sweitzer Lane, Suite 100

Laurel, Maryland 20707-5906

www.aium.org

© Copyright 2004 by the National Electrical Manufacturers Association. All rights including translation into

other languages, reserved under the Universal Copyright Convention, the Berne Convention for the
Protection of Literary and Artistic Works, and the International and Pan American Copyright Conventions.


http://www.nema.org/
http://www.aium.org/

NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons
engaged in the development and approval of the document at the time it was developed. Consensus
does not necessarily mean that there is unanimous agreement among every person participating in the
development of this document.

The National Electrical Manufacturers Association (NEMA) standards and guideline publications, of which
the document contained herein is one, are developed through a voluntary consensus standards
development process. This process brings together volunteers and/or seeks out the views of persons
who have an interest in the topic covered by this publication. While NEMA administers the process and
establishes rules to promote fairness in the development of consensus, it does not write the document
and it does not independently test, evaluate, or verify the accuracy or completeness of any information or
the soundness of any judgments contained in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature whatsoever,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, application, or reliance on this document. NEMA disclaims and makes no guaranty or
warranty, expressed or implied, as to the accuracy or completeness of any information published herein,
and disclaims and makes no warranty that the information in this document will fulfill any of your particular
purposes or needs. NEMA does not undertake to guarantee the performance of any individual
manufacturer or seller’s products or services by virtue of this standard or guide.

In publishing and making this document available, NEMA is not undertaking to render professional or
other services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed
by any person or entity to someone else. Anyone using this document should rely on his or her own
independent judgment or, as appropriate, seek the advice of a competent professional in determining the
exercise of reasonable care in any given circumstances. Information and other standards on the topic
covered by this publication may be available from other sources, which the user may wish to consult for
additional views or information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health
purposes. Any certification or other statement of compliance with any health or safety—related
information in this document shall not be attributable to NEMA and is solely the responsibility of the
certifier or maker of the statement.



ERRATA

NEMA UD 3-2004 Standard for Real-Time Display of Thermal and Mechanical Acoustic Output Indices
on Diagnostic Ultrasound Equipment, Revision 2, has the following errata.

Page 11, Subclause 4.1.3.1, second paragraph
Replace “,” with “.” after “for the real-time (B-mode) mode”.

Page 19, Equation 6.2.4.2-1. Replace with:

2

spatial maximumPIi , (j,v,,, ) = maxonzof (Pll(j Ny ZJ10 0002 ) (CmmJ ]

Page 19, Equation 6.2.4.2-2. Replace with:

spatial maximumPlI , (j AV ) :Pll(j Vi > Zmipi 5 )10 ~0.03%c (j)zmjpii (m_sz
' cm

Page 21, Equation 6.2.5.2-2. Replace with:

spatial maximum Pl 4 (j,v,, ) =PI (i Vi Zipils 5 )10’2(°‘°3‘°(i)zmipns.s ) (m_\lzj
' cm

Page 21, Equation 6.2.5.4-2. Replace with:

lsprag 3 (J 'Va) = lra (J VairZmipiig 3 )10 b [Cmr‘z\zl j

Page 22, Equation 6.2.5.5-2. Replace with:

TIB(j v ): min \/W(l =Va)ITA(j ’VavzijuB_a, )10—0.03fc(j)zmjp||B3 _W.a (J ,Va,ijp”B_3)
e 50 ’ 4.4

Page 22, Equation 6.2.6.2-1
Replace with:

Aaprt(j) = 1 cm2

Page 23, Subclause 6.2.6.20
Replace “Agpri(i)=1cm2” with “Agprt(i)< 1cm?”.

Page 23, Equation 6.2.6.20-1
Replace with: ,
Aaprt(j) =1 cm
Page 31, Equation A3.1-1. Replace with:

W, (z) = W, 10 0%



Page 37, Equation A5.1.3£—1 ,
Replace “(Agprt = 1 cm )" with “(Agprt <1 cm ).

Page 39, Clause A7.1: Replace first two sentences of paragraph three with:

“To facilitate ALARA, display increments shall be in increments of no more than 0.2 for values of indices
of 2.0 or less, and no more than 0.5 for values greater than 2.0.”

Appendix A. Replace “Chart A-1" with “Table A-1" in the following places:

Page 33, line 6
Page 34, line 11
Page 37, line 5
Page 38, line 3
Page 39, line 2



UD 3-2004 (R2009)

Page i
CONTENTS

Preface 10 REVISION TWO.....ccoiiiiiiiiiie et e e s e e s e e e e e iii

Preface 10 REVISION ONE.......oouiiiiiiiee et s e e e e iv

L] L= o] (o PP PP SPPPPPPRN \%

R Tero] o= RSP vii

Section 1 REFERENCED PUBLICATIONS ...ttt ettt ettt e et e e e s siteee e s snbaeeessnnaeeesnnes 1
1.1 L T= T = | SRR 1
1.2 Referenced PUDIICAtIONS .........ooiiiiiiiie et 1
Section 2 DEFINITIONS AND FORMULAE .....uuiiiiiiiiiie ettt rteee ettt e sittee et e e staeeaesnnneeee e e 2
2.1 General DEfiNITIONS ......coiiiiiiieie et e e e e et e e s e e e e e e e e e e nees 2
Table 2-1, Cross-Reference, Tl Categories to Tl FOrmulae............cccuveveveeeiiiiiiieiieee e, 5
Table 2-2, TIFOMMUIAE ...ttt e ettt e e e sat et e e e sttt e e e eate e e e e sbaeeeesbeeeeesnneeeaeans 6
Table 2-3, Definition of Symbols Used in Thermal Index Formulae............ccccoviiiiiiiiiiiicciieeeee e 7
Table 2-4, Combination MOAES. ........oiuiiiie ittt e ettt e e st e e s anbe e e e e snbeeeesnreeeeeans 8
SECHON 3 RATIONALE ..ottt et e e sttt e e e ettt e e e st bt e e e e bbe e e e esbe e e e aasbeeessbeeeeenres 9
3.1 ClINICAI PUIMPOSE ...ttt e et e e e e e e e et e e e e e e s se s abaeeeaaeeesanraaneaaaens 9
3.2 ReEGQUIAIONY PUMPOSE ...oeeiiiiiii ettt e e e e e e e e e st e e e e e e e e snaraaeeaeaeanans 9
3.2.1  Purpose of Voluntary Standards ..........ccccccoooiiiiiiiiiic i 9

3.3 Rationale for Choice of Indication/Display Parameter ............coccccceeiiiiiciiiiieieee e, 9
3.3.1 Rationale for Thermal INAICES ........ooiiiiiiiiiiii e 9

3.3.2 Rationale for Mechanical INdeX .........ccceiiiiiiiiiiiie e 9

3.4 Rationale Regarding Diversification of Equipment Types .......cccccviiiiiiiiieii e 9
Section 4 INFORMATION TO BE PROVIDED TO OPERATORS ......ooiiiiiiiiieiiieee e 10
4.1 On-Equipment Acoustic Output Indication/Display ..........ccccoeeciiieiiiei i, 10
g I 2 {= Yo 11 1o ] o SR OTURRPRTRRN 10

4.1.2 Values of Indices to be Displayed ...........coooiiiiiiiiiiiiiie e 10

4.1.3 Other Conditions on Display of INdICES ........ccooiiiiiiiiiieeiiiceeee e 11

4.2 Information Required in Operator's Manual .............ccccooeiiiiiiiiiiee e 11
4.2.1 Meaning of Indices and Specification of Display Accuracy..........ccccceeevvvccnrvneenennnn. 12

4.2.2 Discussion of Operator Control FEatures ...........cooccviiiiiiiee i, 12

4.2.3 Prudent Use Statement ... s 12

Section 5 DEFAULT SETTINGS ....ooioiiiie ittt ettt e ettt et e e s snste e e e snbee e e e snssaeeesnnaeeean 13
5.1 Equipment Designs Allowing for Full Software Control of Acoustic Output ........................ 13
5.2 Equipment Designs Not Allowing for Full Software Control of Acoustic Output ................. 13
Section 6 MEASUREMENT METHODOLOGY FOR MECHANICAL AND THERMAL INDICES ..... 14
6.1 L T=T T = | PSR OUROPPRRR 14
6.2 Index Measurements in Unscanned MOAES .........ccueiiiiiiiieiiiiiie e 14
6.2.1 Measurement of Center Frequency f.(j) in Unscanned Modes ..........ccc.ccceeuunnneen. 14

Figure 6-1, Outline of Measurement Methodology .............cooviiiiiiiiiiiii i, 15

6.2.2 Measurement of Acoustic Power (W(j, v,)) in Unscanned Modes ..............c.......... 16

6.2.3 (Reserved for FULUIE USE).........coiiiiiiiiiee ettt 18

© Copyright 2004 by the National Electrical Manufacturers Association.



UD 3-2004 (R2009)

Page ii
6.2.4 Measurement of Mechanical Index MiI(j, v,) for Unscanned Modes ..................... 19
6.2.5 Measurement of Bone Thermal Index TIB(j, v,) for Unscanned Modes ................ 20
6.2.6 Measurement of Soft Tissue Thermal Index (TIS(j, v,)) for Unscanned Modes .... 22
6.2.7 Measurement of Cranial Bone Thermal Index TIC(j, v,) for Unscanned Modes .... 23
6.3 Index Measurements in Scanned MOAES ...........cooiiiiiiiiiiiie i 24
6.3.1 Measurement of Center Frequency f.(j) for Scanned Modes .............cccceererinenenns 24
6.3.2 Measurement of Acoustic Power (W(j,v,)) in Scanned Modes ..........ccocceeeviieeeens 24
6.3.3 Measurement of Acoustic Power per Unit Length %(],va) in Scanned Modes .... 25
Figure 6-2, Suggested 1 cm Wide Aperture Mask ...........cccoooiiiiiiiiiin e 27
Figure 6-3, Suggested Orientation of Probe, Mask Slit, and RFB Target...........ccccoccoceen 27
Figure 6-4, Suggested Orientation of Probe and 1 cm Wide Target for Wy, Measurement .27
6.3.4 Measurement of Mechanical Index MI(j,v,) for Scanned Modes ...........c.cccueeenne 28
6.3.5 (Reserved for FULUrE USE)........cooiiiiiiiiiiiie e 28
6.3.6 Measurement of Bone Thermal Index TIB(j,v,) for Scanned Modes ..................... 28
6.3.7 Measurement of Cranial Thermal Index TIC(j, v,) for Scanned Modes ................. 28
6.3.8 Measurement of Soft Tissue Thermal Index TIS(j,v,) for Scanned Modes ............ 29
6.4 Determining Display ACCUIACY ........eiiiiiiiiie et 29
Appendix A SUMMARY OF THERMAL INDEX FORMULAE ......cccooiiiiiiieiie e 30
A1.1 1] (oo 18 T3 o] o [ PRSPPI 30
A2.1 Thermal INdeX CONCEPL ......eeeieeieee et e e e eaneee s 30
A3.1 Measurement Parameters .........oooo i 30
A4.1 Thermal INdeX Cat@gOTIES ......cciiuuiiieiiiiiie et e e e e s e e s enneeean 31
Table A-1, Thermal Index Categories and MoOdelS...........cc.uveiiiiiei i 32
A5.1 Thermal INAeX MOUEIS .........ueiiie e as 32
A5.1.1 Soft Tissue at Surface [TIS (scanned), TIB (scanned)] .......cccooevereeiiiieieiniieeeennen. 32
Figure A-1, Power Per Unit Length Measurement with a Mask ...............ococooiiiiiiie, 33
A5.1.2 Soft Tissue, Unscanned, Large Aperture [TIS (unscanned)] ........ccccoeveiiiienennnnee 33
A5.1.3 Soft Tissue, Unscanned, Small Aperture [TIS (unscanned)] ........ccccoceeeiiiieneennnen. 37
A5.1.4 Bone at Focus [TIB (UNSCANNEd)] ......ceeiiiiiiiieiiie e 37
A5.1.5 Bone at SUMface [TIC] ...cocuuiiiiiiiii e 38
A6.1 CombiINAtioN MOAES ......ooeiiiiieiee et e et e e e sb e e b e e e e nnre e 39
Table A-2, Tl for Combination MOAES...........ooivuiieeei et e e e e e e e e 39
A7.1 Display of the Thermal INAeX .........c..ooi i 39
A8.1 MEASUIEIMENES ..ottt e e ettt e e e bt e e e st e e e e s be e e e e nnbeeeeneeas 40
Table A-3, Measurements for Validating TI MOAEIS .......cceeeieiiiieee e 40
Appendix B MECHANICAL INDEX RATIONALE .....ooiiii it 41
B1.1 PUMDOSE .ttt ettt e e et e e e s bt e e e e b e e e e e b e e e e e e nbe e e enae e e e e nres 41
B2.1 Display REQUIFEMENES .......oiiiiiiiie ettt e e e e e e 41
B3.1 FOIMUIA ...ttt e e e e e e e b e e e e e st e e enbe e e e enreas 42
= 1o ToTe =T o] 1)V PRSP 43

© Copyright 2004 by the National Electrical Manufacturers Association.



UD 3-2004 (R2009)
Page iii

Preface to Revision Two

This is the second significant revision of the 1992 Standard for Real-Time Display of Thermal and
Mechanical Acoustic Output Indices on Diagnostic Ultrasound Equipment, also known as the Output
Display Standard, or ODS. The most noteworthy changes in this revision are contained in Sections
4127, 4211, 4.2.1.2, and 6.4. Under these new provisions, the equipment will display the best
estimate of the mean index values, and a description of the display uncertainty will be included in the
operator’s instruction manual. Other changes were made to make the document compatible with the IEC
60601-2-37 standard, Medical electrical equipment — Part 2-37: Particular requirements for the safety of
ultrasonic medical diagnostic and monitoring equipment (2001).

Special thanks for this revision go to the Output Standards Subcommittee, a joint AIUM/NEMA task group
formed by the AIUM Technical Standards Committee. The current co-chairs are Paul Carson and Mark
Schafer. The previous co-chairs were Gerald Harris and Charles Hottinger. Past and current
subcommittee members are John Abbott, Paul Biggins, Chris Bohl, Barbara Campbell, Anupam
Dattamajumdar, David Dea, Richard Eaton, Peter Edmonds, Jim Gessert, Peng Jiang, Peter Lewin,
Michael MacDonald, Ernest Madsen, Dennis Mendoza, Kathy Meschisen, Kurt Sandstrom, Paul
Smolenski, Terry Sweeney, Jinxing Tan, Tat-Jin Teo, Kai Thomenius, Junru Wu, Jim Zagzebski, Qian
Zhang, and Marvin Ziskin.

Karen Ophir
Chair, AIUM Technical Standards Committee

© Copyright 2004 by the National Electrical Manufacturers Association.
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Preface to Revision One

This is the first significant revision of the 1992 Standard for Real-Time Display of Thermal and
Mechanical Acoustic Output Indices on Diagnostic Ultrasound Equipment, also known as the Output
Display Standard, or ODS. The 1996 “Second Printing” of the ODS included typographical and editorial
corrections.

The most significant change in this revision is in Section 4.1.1. Here, the display resolution for the
Mechanical Index has been changed to increments of no more than 0.2 over the entire range of display.
Other changes were made to make the document compatible with the revised Acoustic Output
Measurement Standard for Diagnostic Ultrasound Equipment, designated AIUM AOMS-1998 and NEMA
Standard UD 2-1998.

Special thanks for this revision go to the Output Standards Subcommittee, a joint AIUM/NEMA task group
formed by the AIUM Technical Standards Committee. The current co-chairs are Gerald Harris and
Charles Hottinger. The previous chair was Peter Lewin, and subcommittee members are John Abbott,
Paul Carson, Peter Edmonds, Charles Grossman, Peter Lewin, Michael MacDonald, Ernest Madsen, Kurt
Sandstrom, Mark Schafer, Kai Thomenius, Doug Worth, Junru Wu, James Zagzebski, and Marvin Ziskin.

Peter Lewin
Chair, AIUM Technical Standards Committee

© Copyright 2004 by the National Electrical Manufacturers Association.



UD 3-2004 (R2009)
Page v

Foreword

Since June 1976, the American Institute of Ultrasound in Medicine (AIUM) and the National Electrical
Manufacturers Association (NEMA) have worked cooperatively on regulatory issues of mutual interest.
One category of cooperative activities has included the development of the voluntary standards, including
Safety Standard for Diagnostic Ultrasound Equipment, Acoustic Output Measurement Standard for
Diagnostic Ultrasound Equipment, and Standard Methods for Measuring Performance of Pulse-Echo
Ultrasound Imaging Equipment.

The Standard for Real-Time Display of Thermal and Mechanical Acoustic Output Indices on Diagnostic
Ultrasound Equipment continues this productive cooperation. But more importantly, this standard came
about from the broad-based efforts of professional societies, manufacturers’ organizations,
manufacturers, governments, and consumer groups. User input has been considered in the development
of this standards publication. The organizations involved in the standard’s development are listed as
follows, and all had a vital role in its development:

PROFESSIONAL ORGANIZATIONS

American Academy of Neurology
American Academy of Ophthalmology
American Association of Physicists in Medicine
American College of Cardiology
American College of Obstetricians & Gynecologists
American Medical Association
American College of Osteopathic Obstetrics & Gynecology
American College of Radiology
American Institute of Ultrasound in Medicine
American Registry of Diagnostic Medical Sonographers
American Society of Echocardiography
International Perinatal Doppler Society
National Council on Radiation Protection and Measurements
Society of Diagnostic Medical Sonographers
Society of Pediatric Echocardiography
Society of Perinatal Obstetricians
Society of Radiologists in Ultrasound
Society of Vascular Surgeons
Society of Vascular Technologists
World Federation for Ultrasound in Medicine & Biology

© Copyright 2004 by the National Electrical Manufacturers Association.
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MANUFACTURERS’ ORGANIZATIONS

Electronic Industries Association Japan
National Electrical Manufacturers Association

MANUFACTURERS’ GROUPS

Acoustic Imaging Corporation
Acuson
Advanced Technology Laboratories, Inc.
Diasonics, Inc.
Elscint, Ltd.

General Electric Medical Systems
Hewlett Packard Company
Hitachi Medical Systems America, Inc.
Interspec Incorporated
Medasonics, Inc.

Philips Ultrasound
Siemens Quantum, Inc.

Sonic Technologies
Toshiba America Medical Systems
Yokogawa Medical Systems

GOVERNMENTS

Bureau of Radiation and Medical Devices
Health and Welfare, Canada

Center for Devices and Radiological Health
Food and Drug Administration, USA

CONSUMER GROUPS

International Childbirth Education Association
National Women’s Health Network

© Copyright 2004 by the National Electrical Manufacturers Association.
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Scope

This voluntary standard applies to diagnostic ultrasound equipment that is intended for use on humans,
and is capable of exceeding a thermal index of 1.0, or a mechanical index of 1.0.

© Copyright 2004 by the National Electrical Manufacturers Association.
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