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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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97 INTERNATIONAL ELECTROTECHNICAL COMMISSION

98

99
100 ULTRASONICS - MEASUREMENT OF TEMPERATURE RISE PRODUCED
101 BY MEDICAL ULTRASONIC EQUIPMENT
102
103
104
105
106 FOREWORD
107 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
108 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
109 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
110 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
111 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
112 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
113 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
114 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
115 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
116 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
117 consensus of opinion on the relevant subjects since each technical committee has representation from all
118 interested IEC National Committees.
119 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
120 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
121 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
122 misinterpretation by any end user.
123 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
124 transparently to the maximum extent possible in their national and regional publications. Any divergence between
125 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
126 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
127 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
128 services carried out by independent certification bodies.
129 6) All users should ensure that they have the latest edition of this publication.
130 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
131 members of its technical committees and IEC National Committees for any personal injury, property damage or
132 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
133 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
134 Publications.
135 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
136 indispensable for the correct application of this publication.
137 9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
138 rights. IEC shall not be held responsible for identifying any or all such patent rights.

139 International Standard IEC 63440 has been prepared by subcommittee WG14: Determination
140  of ultrasound exposure parameters, of IEC technical committee 87:Ultrasonics.

141 The text of this International Standard is based on the following documents:

FDIS Report on voting
XXIXXIFDIS XXIXXIRVD

142

143 Full information on the voting for the approval of this International Standard can be found in the
144  report on voting indicated in the above table.

145 This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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147 - requirements, compliance with which can be tested, and definitions: in roman type

148 - notes, explanations, advice, introductions, general statements, exceptions, and references: in
149 smaller type

150 - test specifications: in italic type

151 - words in bold are defined terms in Clause 3

152 The committee has decided that the contents of this document will remain unchanged until the
153  stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
154  the specific document. At this date, the document will be

155 e reconfirmed,
156 e withdrawn,
157 e replaced by a revised edition, or

158 e amended.

159

160 The National Committees are requested to note that for this document the stability date
161 is 20XX.

162 THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED
163 AT THE PUBLICATION STAGE.
164
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165 INTRODUCTION

166  This International Standard specifies the measurement methods, calculations, requirements
167  and guidelines for determining temperature rise from medical ultrasonic equipment. It describes
168 how temperature sensors and test objects can be used to determine ultrasonically-induced
169  temperature rise for each type of medical ultrasound equipment that can generate temperature
170 rise within the human body.

171
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172 ULTRASONICS - MEASUREMENT OF TEMPERATURE RISE PRODUCED
173 BY MEDICAL ULTRASONIC EQUIPMENT
174

175 1 Scope

176  This International Standard is applicable to medical ultrasonic equipment capable of inducing a
177 temperature rise.

178 This International Standard establishes:

179 ¢ the important characteristics, calculations and terminology for determining temperature
180 rise for diagnostic, therapeutic and surgical ultrasound equipment;

181 e requirements for temperature rise measurements for each type of medical ultrasound
182 equipment;

183 e general test methods for in still air and using test objects to determine standardized
184 temperature rises;

185 e validation procedures.

186  This International Standard does not address methods for simulation of temperature rise

187 2 Normative references

188 The following documents are referred to in the text in such a way that some or all of their content
189  constitutes requirements of this document. For dated references, only the edition cited applies.
190  For undated references, the latest edition of the referenced document (including any
191  amendments) applies.

192 |EC 60601-2-37 Medical electrical equipment — Part 2-37: Particular requirements for the basic
193  safety and essential performance of ultrasonic medical diagnostic and monitoring equipment

194  |EC 60601-2-5:2009, “Medical electrical equipment - Part 2-5: Particular requirements for the
195 basic safety and essential performance of ultrasonic physiotherapy equipment”.

196 IEC 60601-2-62:2013, “Medical electrical equipment - Part 2-62: Particular requirements for the
197 basic safety and essential performance of high intensity therapeutic ultrasound (HITU)
198 equipment”

199 3 Terms and definitions
200 For the purposes of this document, the following terms and definitions apply.

201 For the purposes of this document, the terms and definitions given in IEC 60601-2-5,
202  B0601-2-37 and IEC 60601-2-62 apply.

203 ISO and IEC maintain terminological databases for use in standardization at the following
204  addresses:

205 e |EC Electropedia: available at http://www.electropedia.org/

206 e |SO Online browsing platform: available at http://www.iso.org/obp
Documents
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207 3.1

208 ambient temperature
209 temperature of air or another medium in the vicinity of the device under test

210
211 Note 1: Ambient temperature is expressed in degree Celsius (°C)
212 Note 2: During the measurement of the ambient temperature, the measuring instrument or probe should be shielded

213 from draughts and radiant heating.

214 [Source: from IEV 845-27-110]
215

216 3.2
217 dT1l _1minAvg
218 temperature rise over the last minute, averaged over the past minute with at least three samples

219 3.3

220

221 hot spot

222 The position on the applied part of the transducer assembly where the spatial peak
223 temperature is observed

224 3.4

225 invasive transducer assembly

226 transducer which, in whole or in part, penetrates inside the body, either through a body orifice
227 or through the surface of the body.

228 Note: Invasive transducer assemblies include cavity transducers (Transesophageal Echocardiography or TEE,
229 Trans Vaginal or TV, Transrectal, or Laporoscopy), catheter transducers (Intracardiac Cardiac Echocardiography
230 or ICE, Intravascular Ultrasound or IVUS, or Intravascular Echochadiography), and Intraoperative transducers used
231 in an invasive manner.

232 [SOURCE: from JEC 60601-2-37 2015, definition 201.3.207]

233 3.5
234 thermal steady state
235 condition where temperature does not change over time

236 Note: for the purposes if this standard we are approximating steady state when the rate of change of temperature is
237 <= 0,12 °C per minute for three consecutive minutes.

238 3.6

239  thermal offset

240 AT ofiset

241  thermal steady state difference between a) the temperature of the test object-transducer
242 interface when the TRANSDUCER ASSEMBLY is connected to the ULTRASONIC
243 DIAGNOSTIC EQUIPMENT or other power supply and acoustically not transmitting and b) the
244  test object ambient temperature at the same test object-transducer interface location when the
245 TRANSDUCER ASSEMBLY was not present.

246  [SOURCE: JEC 60601-2-37 ed. 2]

247 3.7

248  transducer assembly

249  assembly comprising an ultrasonic transducer and associated parts for local application of
250 ultrasound to the patient.

251 Note 1 to entry: A transducer assembly is also referred to as a treatment head or applicator
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3.8

ultrasound

acoustic oscillation whose frequency is above the high-frequency limit of audible sound (about
20 kHz)

[SOURCE: IEV 802-01-01]

4 List of Symbols
AT offset thermal offset

5 Measurement of patient contact surface temperature for Diagnostic
Ultrasound

5.1 Thermal sensor requirements
5.1.1 Thermal sensor types

The temperature of the applied part of the transducer assembly should be measured with a
thermal measurement device, such as thermocouple or infrared camera.

5.1.2 Spatial averaging and heat dissipation

The size of the temperature measurement area of the sensor should be such that any averaging
effect is minimized. For an infrared measurement system, the focus size, the pixel size of the
thermal image and the depth of field should be such that any averaging effect is minimized.

Figure 1 — hot spot location determination with infrared camera image

For a scanning pyrometer, the sensor size and spatial step size shall be sufficient to capture
the hot spot while minimizing spatial averaging.

The heat dissipation over thermocouple metal wires shall be minimized. Thin wires, which are
thermally isolated behind the thermocouple junction reduce the impact of heat dissipation.

The wire diameter shall be less than 0,4 mm in case of round wires and the cross-section area should
be less than 0,1 mm? for non-circular wires (e.g. most thin film thermocouples).

The sensor wires shall be oriented such that the shortest distance is used to get off the applied part
of the transducer assembly (mostly in elevation direction for diagnostic ultrasound transducer
assemblies).
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281 5.1.3 Measurement accuracy and measurement uncertainties

282 According to [EC 60601-2-37, the measurement uncertainties shall be determined and recorded
283 in the test report. For additional details see Annex B.

284  The measurement sampling rate should be high enough, that short temperature peaks (e.g., in
285  shear wave elastography mode) are recorded with sufficient temporal resolution.

286  The temperature resolution should be less than or equal to 0.1 deg C.

287 Note 1: Thermocouples can have higher accuracy if thermocouple offset and slope correction for each individual
288 thermocouple is performed.

289 Note 2: A reference temperature chamber or an isothermal cold-junction block may be used to improve measurement
290 accuracy. See Annex A- Reference temperature chamber.

291 Note 3: Infrared camera measurements require a correction of the material specific infrared emission spectrum for
292 accurate measurements.

293 Note 4: The measurement uncertainty shall be evaluated for absolute temperature measurements in case
294 measurements are performed according to method a and for relative temperature measurements in case method b

295 is used.
296 Note 5: Instructions and examples for measurement uncertainty calculation can be found in [1].

297 5.1.4 Positioning of thermal sensor

298  The thermal sensor shall be positioned at the hot spot of the applied part of the transducer
299  assembly.

300 For ultrasonic diagnostic equipment, the hot spot location may change depending on the
301  activated imaging mode. For example, some imaging devices may use a different transmit
302  aperture position of the transducer array in 2D-mode and CW-mode, respectively. Transducer
303 assemblies where matrix transducer arrays are used may show a hot spot which is not
304  centered in elevation direction for a subset of transmit settings.

305 02/14/2010 €=0.95 BG=20.0 T1=100% 10:47:09AM

306 Figure 2 — off-centered hot spot location
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308 If transducer assemblies have different hot spots in different imaging modes, each mode must
309 be measured using its hot spot.

310 Note 1: For mechanically-rocked probes, the hot spot in 3D/4D mode may not be the same as in 2D mode.

311 Note 2: The temperature measurement results might be impacted by a voltage drop, if uninsulated thermocouples
312 are used in electroconductive liquids. The impact on temperature results should be evaluated if uninsulated
313 thermocouples are used in electroconductive liquids.

314 5.2 Measurements in Still air

315 The transducer assembly shall be either suspended and held the in still air or placed in a
316  stationary position in an environmental chamber with minimal airflow across the applied part
317 of the transducer assembly. The applied part of the transducer assembly shall be clean with
318 no coupling gel applied. “In still air” means an environment without forced air movement (flow)
319 and an air temperature of 23 °C £ 3 °C stable within 0,5 °C during one measurement.

320 5.2.1 Measurement setup description
321 5.2.1.1 Environmental chamber

322 If an environmental chamber, for example a cardboard or acrylic box, is used to reduce air flow,
323 the chamber (e.g. a cardboard or acrylic box) may be placed around the transducer assembly .

324  The size of the chamber shall be large enough to avoid a temperature increase of the
325  environmental air due to heat generated from the transducer assembly.

326  The environment temperature shall be measured during the still air measurement close to the
327 transducer assembly, but with enough distance to avoid a direct impact on temperature
328 measurement from heat generated by the transducer assembly.

329 Note 1: If other parts of the probe (e.g., probe cable) have an impact on the applied part temperature of the
330 transducer assembly (e.g., because of active cooling devices or heat exchangers), they should be in same still -air

331 conditions.

332 5.2.1.2 Positioning of infrared camera, thermocouple, thermistor, or pyrometer

333  Allhot spots of the applied part of the transducer assembly shall be located using an infrared
334 camera, thermocouple, thermistor or pyrometer.

335  The infrared camera shall be positioned orthogonal to the applied part surface of the
336 transducer assembly. In case of curved transducer assembliesor transducer
337 assemblieswith more complex surface shapes where an orthogonal positioning to the whole
338 applied part of the transducer assembly is not possible, the infrared camera shall be
339 positioned approximately orthogonal to the applied part

340 Note 1: The infrared emissivity of the applied part of the transducer assembly may change as a function of the
341 viewing angle to the applied part surface, with maximum emissivity at normal viewing angles to the emitting surface.

342 Note2: A pyrometer can be used to determine the hot spot location, if scanning over the surface of the applied part
343 of the transducer assembly is performed.

344  The thermocouple junction, thermistor or pyrometer measurement point shall be positioned in
345  the centre of the hot spot.

346 If a thermocouple or thermistor is used for still-air measurement, the thermocouple or thermistor
347  shall be positioned with minimum impact on measurement result.
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348 A thin thermally isolating stick, where the sensor is positioned on top may be used to press the
349  sensor to the applied part of the transducer assembly (see Figure 2). A small amount of
350 conductivity paste may be used to improve thermal contact.

351 Note 3: A silicon-based conductivity paste should be used carefully, because this could lead to colour change or
352 damage of the probe surface.

353 Note 4: The impact on spatial averaging should be considered, if a conductivity paste is used. A small diameter spot
354 of paste, approximately the sensor diameter, and a thin layer, should be used - just enough to wet the junction
355 between the probe and the sensor.

356 Note 5: The impact of conductivity paste on measurement results should be evaluated. Some conductivity pastes are
357 electroconductive, which can impact measurement results if the thermocouple junction or thermocouple wires are not

358 isolated.

359 Note 6: Measurement procedure of the transducer surface temperature in still air using an infrared camera is
360 described in Annex D as informative.

361
362
363 Figure 3 — still-air measurement setup example
364

365 Alternatively, a thin narrow adhesive tape may be used to position the sensor at the hot spot
366 location. An air gap between the tape and sensor should be avoided.

367 5.2.1.3 Initial steady-state condition

368 At the beginning of the test, the transducer assembly shall be in an thermal steadystate
369  condition where the applied part of the transducer assembly shall be equal to the ambient air
370  temperature.

371 The temperature of the applied part of the transducer assembly can be considered as
372 equivalent with the ambient air temperature if they agree within 0.5°C.

373 For the purposes of this test, initial thermal steady state condition may be considered reached
374 when dT1_1minAvg of the applied part is <= 0,12 °C per minute for three consecutive
375  minutes.

376 Note: For some transducer assemblies such as mechanically rocked 3D probes, or solid-state probes with
377 integrated multiplexing electronics, the temperature of the applied part (surface temperatures) may not stabilize at
378 an initial steady-state temperature equal to the air-ambient temperature when the acoustic power is ‘off’ (i.e.: non-
379 energized transducer elements). Rather, a fixed thermal offset may exist.
380
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