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Foreword 1 

This draft European Standard was prepared by the CEN/CENELEC Joint Working Group AIMD, Active 2 
Implantable Medical Devices. Members of the Joint Working Group were nominated by one of the 3 
members of either CEN or CENELEC. The lead has been given to CENELEC. 4 

This draft European Standard is submitted to a second formal vote. 5 

The following dates are proposed: 6 

– latest date by which the existence of the EN 
has to be announced at national level  

(doa) 
 
dor + 6 months 

– latest date by which the EN has to be implemented 
at national level by publication of an identical 
national standard or by endorsement 
 

 
 
(dop) 

 
 
dor + 12 months 

– latest date by which the national standards conflicting 
with the EN have to be withdrawn  

(dow) 
 
dor + 36 months 
(to be confirmed or 
modified when voting) 

The requirements of this particular standard supplement or modify those of the General Standard 7 
EN 45502-1:1997, Active implantable medical devices – Part 1: General requirements for safety, 8 
marking and information to be provided by the manufacturer. 9 

This draft European Standard has been prepared under a mandate given to CEN and CENELEC by 10 
the European Commission and the European Free Trade Association and covers essential 11 
requirements of EC Directive 90/385/EEC. See Annexes AA and BB. 12 

Although both this European Standard and the Directive deal with the same range of products, the 13 
structure and purpose of the two documents are different. Annex AA, BB, CC are rationales, providing 14 
some further explanation of particular subclauses of this European Standard. All three annexes are 15 
informative. 16 

__________ 17 
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Introduction 75 

This European Standard specifies particular requirements for those ACTIVE IMPLANTABLE MEDICAL 76 
DEVICES that are intended to treat hearing impairment via electrical stimulation (for EXAMPLE COCHLEAR 77 
IMPLANT SYSTEMS or AUDITORY BRAINSTEM IMPLANT SYSTEMS), to provide basic assurance of safety for 78 
both patients and users. 79 

A COCHLEAR IMPLANT SYSTEM or AUDITORY BRAINSTEM IMPLANT SYSTEM is an ACTIVE IMPLANTABLE MEDICAL 80 
DEVICE comprising implantable and NON-IMPLANTABLE PARTS (external parts). The power source may be 81 
externally derived or from an internal battery. The IMPLANT SYSTEM is designed to restore hearing via 82 
electrical stimulation of the auditory pathways. Externally or internally processed acoustic information 83 
is converted to electrical stimulation signals which are delivered via one or more electrodes. The 84 
working parameters of the device may be adjusted via a non-implantable accessory. 85 

This European Standard is relevant to all parts of IMPLANT SYSTEMS, including accessories. 86 

The requirements of this European Standard supplement or modify those of EN 45502–1:1997, Active 87 
implantable medical devices – Part 1: General requirements for safety, marking and information to be 88 
provided by the manufacturer, hereinafter referred to as Part 1. The requirements of this European 89 
Standard take priority over those of Part 1. 90 

Figures or tables that are additional to those of Part 1 are numbered starting from 101; additional 91 
annexes are lettered AA, BB, etc. 92 
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1 Scope 93 

This Part 2-3 of EN 45502 specifies requirements that are applicable to those ACTIVE IMPLANTABLE 94 
MEDICAL DEVICES that are intended to treat hearing impairment via electrical stimulation of the auditory 95 
pathways. Devices which treat hearing impairment via means other than electrical stimulation are not 96 
covered by this European Standard. 97 

The tests that are specified in EN 45502 are type tests and are to be carried out on samples of a 98 
device to show compliance. 99 

This Part of EN 45502 is also applicable to NON-IMPLANTABLE PARTS and accessories of the devices 100 
(see NOTE 1). 101 

The electrical characteristics of the IMPLANTABLE PART shall be determined by either the appropriate 102 
method detailed in this particular standard or by any other method demonstrated to have an accuracy 103 
equal to, or better than, the method specified. In the case of dispute, the method detailed in this 104 
particular standard shall apply. 105 

NOTE 1 The device that is commonly referred to as an active implantable medical device can in fact be a single device, a 106 
combination of devices, or a combination of a device or devices and one or more accessories. Not all of these parts are required 107 
to be either partially or totally implantable, but there is a need to specify some requirements of NON-IMPLANTABLE PARTS and 108 
accessories if they could affect the safety or performance of the implantable part. 109 

NOTE 2 The terminology used in this European Standard is intended to be consistent with the terminology of Directive 110 
90/385/EEC. 111 

NOTE 3 In this European Standard, terms printed in small capital letters are used as defined in Clause 3. Where a defined 112 
term is used as a qualifier in another term, it is not printed in small capital letters unless the concept thus qualified is also 113 
defined. 114 

2 Normative references 115 

This clause of Part 1 applies except as follows: 116 

Additional references: 117 

EN ISO 14971 1) 2007 Medical devices - Application of risk management to medical devices 
(ISO 14971:2007) 

EN 1593 1999 Non-destructive testing - Leak testing - Bubble emission techniques 

EN 13185 2001 Non-destructive testing - Leak testing – Tracer gas method 

EN 45502-1 1997 Active implantable medical devices - Part 1: General requirements 
for safety, marking and information to be provided by the 
manufacturer 

EN 55011 
+ A2 

2007 
2007 

Industrial, scientific and medical (ISM) radio-frequency equipment - 
Electromagnetic disturbance characteristics - Limits and methods of 
measurement (CISPR 11:2003, mod. + A1:2004, mod. + A2:2006) 

EN 60068-2-27 2) 1993 Basic environmental testing procedures - Part 2: Tests - Test Ea and 
guidance: Shock (IEC 60068-2-27:1987) 

                                                      
1) Superseded by EN ISO 14971:2009 “Medical devices - Application of risk management to medical devices” 

(ISO 14971:2007). 
2) Will be superseded by EN 60068-2-27:2009 “Environmental testing - Part 2-27: Tests - Test Ea and guidance: Shock” 

(IEC 60068-2-27:2008) at the dow of the latter, i.e. 2012-05-01. 
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EN 60068-2-31 3) 2008 Basic environmental testing procedures - Part 2: Tests - Test Ec: 
Drop and topple, primarily for equipment-type specimens 
(IEC 60068-2-31:1969 + A1:1982) 

EN 60068-2-47 2005 Environmental testing - Part 2-47: Tests - Mounting of specimens for 
vibration, impact and similar dynamic tests (IEC 60068-2-47:2005) 

EN 60068-2-64 2008 Environmental testing - Part 2-64: Tests - Test Fh: Vibration, 
broadband random and guidance (IEC 60068-2-64:2008) 

EN 60068-2-75 1997 Environmental testing - Part 2-75: Tests - Test Eh: Hammer tests 
(IEC 60068-2-75:1997) 

EN 60118-6 1999 Hearing aids - Part 6: Characteristics of electrical input circuits for 
hearing aids (IEC 60118-6:1999) 

EN 60601-1 2006 Medical electrical equipment - Part 1: General requirements for basic 
safety and essential performance (IEC 60601-1:2005) 

EN 60601-1-2 2007 Medical electrical equipment - Part 1-2: General requirements for 
basic safety and essential performance - Collateral standard: 
Electromagnetic compatibility - Requirements and tests 
(IEC 60601-1-2:2007, mod.) 

EN 60801-2 4) 1993 Electromagnetic compatibility for industrial-process measurement 
and control equipment - Part 2: Electrostatic discharge requirements 
(IEC 60801-2:1991) 

3 Definitions 118 

This clause of Part 1 applies except as follows: 119 

Additional definitions: 120 

3.3.1 121 
cochlear implant system 122 
(CIS) 123 
active implantable medical device, comprising implantable and NON-IMPLANTABLE PARTS, intended to 124 
treat hearing impairment via electrical stimulation of the cochlea 125 

3.3.2 126 
auditory brainstem implant system 127 
(BIS) 128 
ACTIVE IMPLANTABLE MEDICAL DEVICE, comprising implantable and NON-IMPLANTABLE PARTS, intended to 129 
treat hearing impairment via electrical stimulation of the auditory brainstem 130 

3.3.3 131 
implant system 132 
either COCHLEAR IMPLANT SYSTEM or AUDITORY BRAINSTEM IMPLANT SYSTEM 133 

3.3.4 134 
non-implantable part 135 
external part of the IMPLANT SYSTEM 136 

NOTE Examples would include but are not limited to: sound processor, microphone, coil or power source. 137 

                                                      
3) Will be superseded by EN 60068-2-31:2008 “Environmental testing - Part 2-31: Tests - Test Ec: Rough handling shocks, 

primarily for equipment-type specimens” (IEC 60068-2-31:2008) at the dow of the latter, i.e. 2011-07-01. 
4) Superseded by EN 61000-4-2:1995, “Electromagnetic compatibility (EMC) - Part 4-2: Testing and measurement techniques 

- Electrostatic discharge immunity test” (IEC 61000-4-2:1995). 
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3.3.5 138 
stimulator 139 
implantable part of the IMPLANT SYSTEM containing electronic circuitry required to produce electrical 140 
stimulation 141 

3.3.6 142 
body-worn 143 
NON-IMPLANTABLE PART of the IMPLANT SYSTEM and worn on the body (e.g. belt or ear level) 144 

3.5.1 145 
electrode contact 146 
electrically conducting part which is designed to form an interface with body tissue or body fluid 147 

3.5.2 148 
electrode array 149 
DISTAL part of a LEAD containing more than one ELECTRODE CONTACT 150 

3.5.3 151 
reference electrode 152 
electrically conducting part designed as return path for electrical stimulation current 153 

3.5.4 154 
distal 155 
located away from the point of attachment to the STIMULATOR 156 

3.5.5 157 
proximal 158 
located closest to the point of attachment to the STIMULATOR 159 

3.9.1 160 
model designation 161 
name and/or a combination of letters and numbers used by a manufacturer to distinguish, by function 162 
or type, one device from another 163 

3.9.2 164 
serial number 165 
unique combination of letters and/or numbers, selected by the manufacturer, intended to distinguish a 166 
device from other devices with the same MODEL DESIGNATION 167 

3.20.1 168 
output signal 169 
electrical output, either pulsatile or analogue of an IMPLANT SYSTEM intended to stimulate the auditory 170 
pathways 171 

3.20.2 172 
pulse 173 
specified electrical OUTPUT SIGNAL (voltage or current) of a specified amplitude and duration 174 

3.20.3 175 
biphasic pulse 176 
PULSE which has both negative and positive going phases 177 

3.22.1 178 
use-before-date 179 
date after which the manufacturer recommends that the IMPLANT SYSTEM should not be implanted 180 
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3.22.2 181 
magnet 182 
component producing an external magnetic flux 183 

4 Symbols and abbreviations (optional) 184 

NOTE There are no requirements specified in this Part of EN 45502. However this does not preclude the use of symbols 185 
defined in other standards nor special symbols defined in the accompanying documentation. 186 

5 General requirements for non-implantable parts 187 

5.1 This subclause of part 1 applies.  188 

5.2 Replacement 189 

The IMPLANT SYSTEM shall meet the requirements of EN 60601-1-2:2007 for Group 1 equipment as 190 
specified in EN 55011:2007. 191 

Compliance shall be checked by review of the test results and documentation provided by the 192 
manufacturer. 193 

6 Inspection and measurement 194 

If this standard refers to inspection of design analysis documentation provided by the manufacturer it 195 
shall include an inspection of the risk management file as required by EN ISO 14971. 196 

6.1 Measurement of output signal characteristics 197 

The measurement shall be performed with the implantable part of the IMPLANT SYSTEM at a 198 
temperature of (37 ± 2) °C. The IMPLANT SYSTEM shall be configured to use its maximum number of 199 
outputs and each output shall be programmed to its maximum value (amplitude and pulse width). An 200 
input signal equivalent to 70dB SPL shall be applied to the microphone. Where applicable the 201 
transcutaneous link shall operate over a distance of (5 ± 1) mm. Where the IMPLANT SYSTEM provides 202 
alternative OUTPUT SIGNALS each shall be measured and listed separately. To facilitate connection the 203 
test sample may be unfinished. The accuracy of the amplitude measurement shall be better than 204 
± 5 % taking all errors into consideration. 205 

6.2 Measurement of the OUTPUT SIGNAL amplitude and pulse width 206 

A representative sample of the IMPLANT SYSTEM shall have each output connected to a 1 kΩ (± 1 %) 207 
load resistor (see Figure 101) and configured per 6.1. An oscilloscope shall be adjusted to display the 208 
full output at its maximum resolution. The measurement shall be made in the peak of the OUTPUT 209 
SIGNAL. Each output shall be in turn connected to the oscilloscope and the amplitude and pulse width 210 
shall be measured. The median of the amplitudes and pulse widths and their range shall be recorded 211 
and the result shall be expressed in µA and µs. 212 

6.3 Impedance measurement accuracy 213 

Where the IMPLANT SYSTEM allows an impedance measurement (either by telemetry or direct 214 
measurement) the manufacturer shall specify the accuracy of the impedance measurement for a 215 
10 kΩ load resistor. The measurement conditions shall be chosen to reflect normal clinical practice. 216 
The measurement shall be repeated on every output (see Figure 101). The accuracy of the 217 
impedance measurement shall be expressed as a percentage. 218 
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 219 

NOTE Ground is connected to the external reference electrode, if available. 220 

Figure 101 – Measurement of output signal amplitude and load impedance 221 

7 General arrangement of the packaging 222 

7.1 This subclause of Part 1 applies. 223 

7.2 This subclause of Part 1 applies. 224 

8 General markings for active implantable medical devices 225 

8.1 This subclause of Part 1 applies. 226 

8.2 This subclause of Part 1 applies. 227 

9 Markings on the SALES PACKAGING 228 

9.1 This subclause of Part 1 applies. 229 

9.2 This subclause of Part 1 applies except as follows: 230 

Replacement: 231 

The SALES PACKAGING shall bear the name and address of the manufacturer, the address including at 232 
least the city and country. The SALES PACKAGING shall bear the name and address of the authorized 233 
representative, if the manufacturer does not have a registered place of business in the European 234 
Community 235 

Compliance is checked by inspection. 236 

9.3 This subclause of Part 1 applies. 237 

9.4 This subclause of Part 1 applies. 238 

9.5 This subclause of Part 1 applies. 239 

9.6 This subclause of Part 1 applies. 240 



D
ra

ft 
fo

r v
ot

e

 – 11 – FprEN 45502-2-3:2009 
 

9.7 The SALES PACKAGING of implantable parts of an ACTIVE IMPLANTABLE MEDICAL DEVICE shall bear 241 
the USE-BEFORE-DATE, as expressed in 9.6. 242 

Compliance shall be checked by inspection. 243 

9.8 This subclause of Part 1 applies. 244 

9.9 This subclause of Part 1 applies. 245 

9.10 This subclause of Part 1 applies. 246 

9.11 This subclause of Part 1 applies. 247 

9.12 Additional subclause 248 

Where an implant system is supplied in separate sub-assembly packaging, each individual sales 249 
packaging shall bear a description of the contents of the packaging, the model designation or part 250 
number and, if applicable the batch number or the serial number. 251 

Compliance shall be checked by inspection. 252 

10 Construction of the SALES PACKAGING 253 

10.1 This subclause of Part 1 applies 254 

10.2 This subclause of Part 1 applies. 255 

10.3 This subclause of Part 1 applies. 256 

Additional note: 257 

NOTE Removable stickers, which provide supplementary information exceeding the information specified in Clause 9, need not 258 
to be subjected to the test specified in 10.3. 259 

10.4 This subclause of Part 1 applies. 260 

11 Markings on the sterile pack 261 

11.1 This subclause of Part 1 applies. 262 

11.2 This subclause of Part 1 applies. 263 

11.3 This subclause of Part 1 applies. 264 

11.4 This subclause of Part 1 applies. 265 

11.5 This subclause of Part 1 applies. 266 

11.6 This subclause of Part 1 applies. 267 

11.7 This subclause of Part 1 applies. 268 

11.8 This subclause of Part 1 applies. 269 
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11.9 This subclause of Part 1 applies. 270 

NOTE This subclause can be fulfilled using an unambiguous symbol. 271 

12 Construction of the non-reusable pack 272 

12.1 This subclause of Part 1 applies except as follows: 273 

Replacement: 274 

The NON-REUSEABLE PACK shall comply with EN ISO 11607-1. 275 

Compliance shall be checked by inspection and by review of records provided by the manufacturer. 276 

12.2 This subclause of Part 1 applies. 277 

12.3 This subclause of Part 1 applies. 278 

13 Markings on the active implantable medical device 279 

13.1 This subclause of Part 1 applies. 280 

13.2 This subclause of Part 1 applies. 281 

13.3 Replacement 282 

Implantable parts of an IMPLANT SYSTEM shall be unequivocally identifiable (particularly with regard to 283 
the model designation of the device), when necessary, without the need for a surgical intervention. 284 

Compliance shall be confirmed by inspection of the procedure defined by the manufacturer in the 285 
instructions for use (see 28.6). 286 

13.4 This subclause of Part 1 applies. 287 

14 Protection from unintentional biological effects being caused by the active 288 
implantable medical device 289 

14.1 This subclause of Part 1 applies. 290 

14.2 Any implantable part of the ACTIVE IMPLANTABLE MEDICAL DEVICE, intended in normal use to be 291 
in contact with body fluids, shall cause no unacceptable release of particulate matter when the device 292 
is used as intended by the manufacturer. 293 

Test: The implantable part of the IMPLANT SYSTEM shall be removed aseptically from the NON-294 
REUSABLE PACK. The implantable part shall be immersed in a bath of saline solution, approximately 295 
9 g/l and suitable for injection in a neutral glass container. The volume of the saline in millilitres (ml) 296 
shall be 5 ± 0,5 times the numerical value of the surface area of the implantable part expressed in cm2. 297 
The container shall be covered with a glass lid and maintained at (37 ± 2) °C for between 8 h and 298 
18 h, the bath being agitated throughout the period. A reference sample of similar volume shall be 299 
prepared from the same batch of saline, maintained and agitated in a similar way to the specimen. A 300 
sample of liquid from the specimen bath and from the reference bath shall be compared using 301 
apparatus suitable for measurement of particle size, such as apparatus operating on the light blockage 302 
principle (see method V.5.7.1 of the European Pharmacopoeia) or the electrical zone sensing principle 303 
(the Coulter principle, see Appendix XIII of the British Pharmacopoeia). 304 

Compliance shall be confirmed if the excess average count of unintentional particles from the 305 
specimen compared to the reference sample does not exceed 100 per ml greater than 5,0 µm and 306 
does not exceed 5 per ml greater than 25 µm. 307 
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14.3 Replacement 308 

This subclause of Part 1 applies with addition that EN ISO 10993 series shall be used. 309 

14.4 This subclause of Part 1 applies. 310 

15 Protection from harm to the patient or user caused by external physical features 311 
of the active implantable medical device 312 

15.1 This subclause of Part 1 applies. 313 

15.2 Replacement 314 

Implantable parts of an IMPLANT SYSTEM shall have no surface features, such as sharp corners or 315 
edges that could cause excessive reaction or inflammation beyond that caused by the implanting 316 
procedure, or rough surfaces which are not required for the correct functioning of the device. 317 

Compliance shall be confirmed if records provided by the manufacturer establish that the safety of the 318 
physical characteristics has been verified with appropriate methods. 319 

16 Protection from harm to the patient caused by electricity 320 

16.1 Replacement 321 

Electrical audio inputs into NON-IMPLANTABLE PARTS of an IMPLANT SYSTEM shall comply with the 322 
requirements for electrical safety of the hearing aid standard EN 60118-6:1999. Other electrical inputs 323 
or outputs of NON-IMPLANTABLE PARTS of an IMPLANT SYSTEM that allow the NON-IMPLANTABLE PART to be 324 
connected to supply mains or mains powered devices which do not meet the insulation requirements 325 
of EN 60601-1 shall either contain or be provided with a separation device which complies with the 326 
applicable clauses regarding insulation of EN 60601-1 (separation device as defined in 327 
EN 60601-1:2006, 16.5.). 328 

NOTE A separation device is not required for battery powered devices when used stand-alone. 329 

Compliance shall be checked as specified in EN 60601-1 (if applicable) and by review of the 330 
documentation provided by the manufacturer. 331 

16.2 Replacement 332 

Except for its intended function, implantable parts of an IMPLANT SYSTEM shall be electrically neutral 333 
when in contact with the body. No leakage current (direct current) of more than 0,1 µA shall be 334 
sustained in any of the current pathways when the device is in use. 335 

Compliance shall be confirmed by inspection of test procedures and results provided by the 336 
manufacturer. 337 

16.3 This subclause of Part 1 applies.. 338 

17 Protection from harm to the patient caused by heat 339 

17.1 This subclause of Part 1 applies. 340 

17.2 (Vacant) 341 
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18 Protection from ionizing radiation released or emitted from the active implantable 342 
medical device 343 

18.1 This subclause of Part 1 applies. 344 

18.2 This subclause of Part 1 applies. 345 

18.3 This subclause of Part 1 applies. 346 

19 Protection from unintended effects caused by the device 347 

NOTE See also 28.20. 348 

19.1 This subclause of Part 1 applies. 349 

19.2 Replacement 350 

If the implantable part of an IMPLANT SYSTEM contains within it a source of power, such as a battery, the 351 
IMPLANT SYSTEM shall include an ‘indicator’ that gives advance notice of energy source depletion to the 352 
clinician and user. 353 

Compliance shall be confirmed by inspection of a design analysis provided by the manufacturer, 354 
supported by the manufacturer’s calculations and data from test studies as appropriate. 355 

19.3 This subclause of Part 1 applies. 356 

19.4 This subclause of Part 1 applies except as follows: 357 

Replacement of the assessment: 358 

Side effects and benefits from the intended use of the device shall be identified either by reference to 359 
current medical practice and demonstrated by analogy, or by reference to clinical investigations 360 
conducted according to EN ISO 14155-1:2003. 361 

Additional subclauses: 362 

19.5 The physical, biological and geometric properties of the implantable parts of an IMPLANT 363 
SYSTEM shall, as far as necessary, be designed to ensure that device removal and replacement with a 364 
device from the same manufacturer is not compromised. 365 

Compliance shall be confirmed by inspection of a design analysis provided by the manufacturer and 366 
where available supported by appropriate test and clinical data e.g. post market surveillance data 367 
relating to device replacement. 368 

19.6 The implantable STIMULATOR case of an IMPLANT SYSTEM intended in normal use to be in 369 
contact with body fluids shall provide sufficient hermeticity so that no fluid can infiltrate the STIMULATOR 370 
case. 371 

Tests: Fine and gross leak tests shall be conducted on the hermetic casing of the STIMULATOR of an 372 
IMPLANT SYSTEM in accordance with EN 13185 and EN 1593. If a group A technique is used from the 373 
EN 13185 standard then a gross leak test is not required and if a group B technique is used then the 374 
gross leak test shall follow the fine leak test. 375 

NOTE The manufacturer should include adequate hermeticity testing in their manufacturing process. 376 

Compliance shall be confirmed by inspection of test procedures and results provided by the 377 
manufacturer and if the device leak rate does not exceed 5 × 10-9 Pa m³/s for fine leak test and no 378 
definite stream of bubbles or two or more large bubbles are originating from the same point of the 379 
STIMULATOR case for gross leak test. 380 
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20 Protection of the device from damage caused by external defibrillators 381 

NOTE See also 28.12. 382 

20.1 Not applicable. 383 

20.2 This subclause of Part 1 applies. 384 

21 Protection of the device from changes caused by high power electrical fields 385 
applied directly to the patient 386 

NOTE See also 28.12 and 28.13. 387 

21.1 Replacement: 388 

The implantable part of an IMPLANT SYSTEM shall be designed so that stray, high frequency current 389 
from surgical equipment (surgical diathermy) flowing through the patient shall not permanently affect 390 
the device provided the IMPLANT SYSTEM does not lie directly in the path between cutting and return 391 
(RF earth) electrodes (see also requirement for warning advice, 28.13). 392 

Test: Use a signal generator with an output impedance of 50 Ω (R1). The test signal frequency 393 
shall be 500 kHz sinusoid and the open loop test signal amplitude 20 Vpp. 394 

The IMPLANT SYSTEM shall be switched off. Each output of the implantable part of the IMPLANT SYSTEM 395 
shall be connected via a resistor (R) of 4,7 kΩ to a common point which shall be connected to the 396 
output of the signal generator (see Figure 102). The REFERENCE ELECTRODE of the implantable part of 397 
the IMPLANT SYSTEM shall be connected via a 100 Ω resistor (R3) to the ground of the signal generator. 398 

 399 

Figure 102 – Test set-up for proof of protection from high frequency currents 400 
caused by surgical equipment 401 

Apply the test signal in ten bursts each for a duration of 1 s, allowing a recovery period of 5 s between 402 
bursts. 403 

Compliance shall be confirmed if after completing the test procedure and reactivating, the IMPLANT 404 
SYSTEM characteristics conform with the manufacturer’s original specification. 405 

21.2 (Vacant) 406 
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22 Protection of the active implantable medical device from changes caused by 407 
miscellaneous medical treatments 408 

NOTE See also 28.12, 28.14 and 28.15. 409 

22.1 This subclause of Part 1 applies. 410 

22.2 Implantable parts of an IMPLANT SYSTEM shall be identified where MRI safety is declared by 411 
the manufacturer (see 28.8). The manufacturer shall declare (see 28.12) the conditions (including the 412 
specific field strengths) under which the safety of MRI testing has been verified. The declaration shall 413 
include the risk for demagnetisation, image distortion and instructions for safe performance of MRI 414 
investigations, where applicable. 415 

The risks to a subject implanted with an IMPLANT SYSTEM entering an MRI machine may be grouped 416 
under the following areas: force from the magnetic field, heat generation, unintentional device output 417 
and implant damage. Each of these factors shall be tested as follows: 418 

1. Force 419 
 The implantable part of an IMPLANT SYSTEM shall not produce harm to the patient through 420 

mechanical forces which might occur during MRI scanning. 421 
 Test: The force is calculated from the magnetic field strength of the MRI machine, the magnetic 422 

properties of any ferromagnetic or paramagnetic materials incorporated in the implantable part, the 423 
strength of any internal magnet and the geometry of the implanted part containing the magnet. 424 
Alternatively, the force may be measured. 425 

 Compliance shall be confirmed if the maximum force under worst case orientation is below 10 N or 426 
no displacement of the implant or magnet is demonstrated. 427 

2. Heat generation 428 
 The implantable part of an IMPLANT SYSTEM shall not generate excessive heat during MRI 429 

scanning. 430 
 Test: Two identical covered plastic containers shall be selected with volume sufficient to contain 431 

the entire implantable part of the IMPLANT SYSTEM ensuring that it will be completely submerged. 432 
The volume of the saline shall be 3 ± 0,3 times the volume of the implantable part. The volume of 433 
the implant plus saline in one container shall be identical to the volume of the saline in the other 434 
container. The implantable part of the IMPLANT SYSTEM stored at the temperature of the scanning 435 
location of the MRI department for the past 24 h shall be placed in one container. Both containers 436 
shall be filled with 9 g/l saline also previously stored for the previous 24 h in the same location. 437 
The temperature of each container’s saline shall be recorded using a digital thermometer with a 438 
resolution of 0,1 °C. Room temperature is also recorded. Both containers are then placed in a 439 
position within the MRI machine judged to receive the highest amount of RF power. An MRI test 440 
sequence representing the worst case clinical scan typically performed (highest absorption rate) 441 
shall be initiated and run for at least fifteen minutes. Immediately after the scan is completed the 442 
two containers shall be removed from the MRI chamber and the temperature of each container 443 
recorded again. Alternatively the ASTM F2182 standard may be used to test for the temperature 444 
rise at the implant and lead. 445 

 Compliance shall be confirmed if the temperature difference between the two containers or 446 
temperature rise at the implant or electrode tip is less than 2 °C. 447 
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3. Unintentional output 448 
 The implantable part of an IMPLANT SYSTEM shall not generate harmful output to the patient during 449 

MRI scanning. 450 
 Test: The implantable part of the IMPLANT SYSTEM shall be placed inside the MRI machine. Two 451 

modified IMPLANT SYSTEMS shall be tested: One IMPLANT SYSTEM which has an additional sense 452 
resistor R1 placed in series with the REFERENCE ELECTRODE, with access to both ends of R1, and a 453 
second IMPLANT SYSTEM with access to the supply voltage of the implant. A receive/transmit optical 454 
fibre circuit and oscilloscope shall be connected to the sense resistor R1 as shown in Figure 103. 455 
For this test it is essential to use shielded twisted pair cable and a passive low pass filter. The 456 
recommended resistors are R1 = 10 kΩ, R2 = R3 = 22 kΩ. The three resistors shall be mounted 457 
within an area of less than 1 cm2. A low pass filter is formed by the resistors R2 to R5 and the 458 
capacitor C1. The input impedance of the optical fibre unit should be taken into account when 459 
specifying the values R4 and R5. The cut-off frequency shall be approximately 10 kHz. All 460 
components should be constructed using surface mount technology and made of non-magnetic 461 
materials. The oscilloscope shall be placed outside the MRI room or a measurement equipment 462 
which is not affected by the MRI machine shall be used. The implantable part of the IMPLANT 463 
SYSTEM including the ELECTRODE ARRAY and the REFERENCE ELECTRODE shall be placed in a 464 
container filled with 9 g/l saline or a gelled phantom material of similar conductivity in a position 465 
typical for an implanted device. An MRI test sequence representing the worst case clinical scan 466 
shall be performed. The output charge shall be determined from the voltage measured across the 467 
sense resistor. 468 

 Compliance shall be confirmed if the charge per phase does not exceed 10 nC. 469 
 470 
 471 
 472 
 473 
 474 
 475 
 476 
 477 
 478 
 479 
 480 
 481 
 482 
 483 
 484 
 485 
 486 
 487 
 488 

. 489 

Figure 103 – Test set-up for proof of protection from harmful output 490 
during MRI scanning 491 
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4. Implant damage 492 
 The implantable part of an IMPLANT SYSTEM shall not be damaged during MRI scanning. 493 
 Test: The following test shall be applied for each field strength specified as MRI safe by the 494 

implant manufacturer. A representative sample of the implantable part of the IMPLANT SYSTEM shall 495 
be completely immersed in a non metallic container filled with 9 g/l saline. The container shall be 496 
placed in the centre of the MRI machine and a worst case scan as described in Section 2 initiated. 497 

 Compliance shall be confirmed if after the scan the device conforms to the manufacturer’s 498 
specifications. A reduction in strength of the internal magnet is acceptable providing the 499 
manufacturer makes available an alternative fixation method and appropriate information in the 500 
labelling (see 28.12). 501 

22.3 The implantable part of an IMPLANT SYSTEM shall withstand levels of therapeutic ionising 502 
radiation as specified by the implant manufacturer. 503 

Test: Three samples of the implantable part of the IMPLANT SYSTEM shall be irradiated using Photon 504 
radiation with 5 Gray doses to a maximum cumulative dose as specified by the manufacturer. 505 
Irradiation shall be delivered at 24 h intervals, at least four times per week. After each exposure the 506 
device shall be powered using normal clinical conditions. Before each irradiation the amplitude of the 507 
OUTPUT SIGNAL shall be monitored as specified in 6.1 and 6.2. While the OUTPUT SIGNAL amplitude of 508 
each sample remains within 10 % of its value before the first irradiation, a further dose is applied. The 509 
manufacturer shall state the median dose of the three samples for which the OUTPUT SIGNAL last met 510 
the above criteria. The labelling statement (see 28.12) shall include a safety margin of 20 % of this 511 
dose. 512 

Compliance shall be checked by review of the test results and documentation provided by the 513 
manufacturer. 514 

23 Protection of the active implantable medical device from mechanical forces 515 

23.1 Replacement: 516 

NON-IMPLANTABLE PARTS of an IMPLANT SYSTEM that are either hand-held in normal use, portable or 517 
BODY WORN and weigh not more than 10 kg, shall be constructed so that shocks caused by 518 
mishandling or dropping while in use do not damage the device. 519 

Test: Hand-held, BODY-WORN or portable parts of an IMPLANT SYSTEM weighing up to 10 kg shall 520 
withstand the free fall test in accordance with EN 60068-2-31, under the following conditions: 521 

a) test surface: hard wood, density not less than 630 kg/m³, thickness between 50 mm and 55 mm; 522 
b) height of fall: 523 

i) hand-held devices: 1 m; 524 
ii) portable devices: 50 mm; 525 
iii) BODY WORN PART: 1,5 m or the height of normal use whatever is more severe; 526 

c) attitude from which specimen is dropped: attitude as in normal use. 527 

Compliance shall be confirmed if the dropped part operates as stated in the manufacturer’s original 528 
specification. 529 
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23.2 Replacement: 530 

The implantable part of the IMPLANT SYSTEM shall be constructed to withstand the mechanical forces 531 
that might occur during normal conditions of use, including the time prior to implantation. 532 

Test: The implantable part of the IMPLANT SYSTEM, mounted in accordance with the requirements 533 
and guidance given in EN 60068-2-47, shall withstand a random vibration test in accordance with 534 
EN 60068-2-64:2008, Test Fh, under the following conditions: 535 

a) test frequency range: 5 Hz to 500 Hz; 536 
b) acceleration spectral density: 0,7 (m/s2)2/Hz; 537 
c) shape of acceleration spectral density curve: flat horizontal, 5 Hz to 500 Hz; 538 
d) duration of testing: 30 min in each of three mutually perpendicular axes. 539 

Compliance shall be confirmed if after completing the test procedure, the values for the IMPLANT 540 
SYSTEM characteristics conform with the values stated in the manufacturer’s original specification. 541 

23.3 Replacement: 542 

Implantable LEADS outside the STIMULATOR shall withstand the tensile forces that might occur during or 543 
after implantation, without fracture of any conductor or deterioration to any functional electrical 544 
insulation. 545 

There are two specimens intended for the test:  546 

– specimen A shall be the implantable part in the condition as shipped to the customer; If necessary 547 
the leads shall be attached in accordance with the manufacturer’s instruction before the test;  548 

– specimen B shall be the implantable lead without the STIMULATOR. 549 

Procedure: Use a saline preconditioning bath of approximately 9 g/l saline at 37 °C ± 5 °C, a tensile 550 
load tester and a voltmeter or an oscilloscope. 551 

Both specimens shall be kept in the preconditioning bath for a minimum of 10 days. Immediately prior 552 
to testing, the lead shall be rinsed in distilled or deionised water, then wiped free of surface water. 553 

The manufacturer shall identify that portion of the LEAD which, when implanted, might be subject to 554 
elongation. The manufacturer shall devise an appropriate method of clamping the LEAD to include the 555 
elongation portion. 556 

a) Test for specimen A: 557 
 Specimen A shall be clamped at the STIMULATOR or at the connector, if applicable. Another clamp 558 

shall be firmly attached to the most DISTAL part of the LEAD subject to elongation. The distance 559 
between the clamping points shall be measured. 560 

 The LEAD shall be subjected to an elongation of minimum of 15 mm or a tensile force of minimum 561 
1 N whichever is reached first. The applied tensile stress shall be sustained for at least one minute 562 
then relieved. The tensile load application shall be repeated for each LEAD. The test specimen(s) 563 
shall be returned to the saline bath and shall be immersed again for a minimum of one hour before 564 
proceeding. 565 

 The electrical continuity of each conduction path (open circuit test) and insulation (short circuit 566 
test) between each pair of wires inside the LEAD (if applicable) shall be verified. 567 

 Compliance shall be confirmed if the specimen A exhibits no permanent functional damage (e.g. 568 
no open or short circuits). 569 



D
ra

ft 
fo

r v
ot

e

FprEN 45502-2-3:2009 – 20 – 
 

b) Insulation test for specimen B:  570 
 Specimen B shall be subjected to the same elongation test as specimen A except both sides of the 571 

lead shall be clamped. Following the elongation test the insulation shall be subjected to a test 572 
voltage. The test signal shall be a 1 kHz square wave with a peak to peak voltage of twice the 573 
maximum peak to peak output voltage of the IMPLANT SYSTEM. The test signal shall be applied for a 574 
minimum of 15 s between each combination of conducting pairs inside the lead. The impedance 575 
between each pair shall be measured. 576 

 Compliance shall be confirmed if the lead shows no damage as a result of the elongation test and 577 
the impedance between each pair of conducting wires exceeds 100 kΩ. 578 

23.4 This subclause of Part 1 applies. 579 

23.5 Replacement: 580 

Electrode LEADS shall withstand the flexural stresses that might occur during and after implantation, 581 
without fracture of any conductor. 582 

Three samples shall be tested for Test 1 and then Test 2. 583 

Test 1: The test samples shall be in the condition as shipped to the customer. The tests shall be 584 
performed in dry conditions and at room temperature. 585 

For each sample the LEAD shall be held with a suitable soft clamping mechanism (such that the LEAD 586 
will remain securely calmped during the test) 10 mm ± 2 mm PROXIMAL from the most PROXIMAL 587 
ELECTRODE CONTACT (see Figure 104). The STIMULATOR shall be held at the same height, adjacent to 588 
the clamp and released five times. 589 

 590 

Figure 104 – Stimulator drop test 591 

Compliance shall be confirmed if the measured resistance of each conduction path and each sample 592 
is within the manufacturer's specification and each conductor is functionally intact as per the 593 
manufacturer's performance specification. 594 

Test 2: The test shall be applied to that region of the LEAD where after implantation flexing can occur 595 
due to micro movements. The test samples shall be preconditioned the same way as the fully 596 
assembled and shipped product. The tests shall be performed in dry conditions and at room 597 
temperature. 598 

Use a holding fixture made of rigid material (see Figure 105) to clamp the STIMULATOR. 599 
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 600 

Figure 105 – Flex test fixture 601 

The holding fixture shall be mounted in an oscillating machine that can flex the LEAD either side from 602 
the straight direction. The holding fixture shall allow the LEAD to be tensioned in the direction it exits 603 
the STIMULATOR. The LEAD shall be fed between two cylinders both touching the LEAD. The pivot point 604 
shall be in the middle of the line between the centres of both cylinders. The diameter of the cylinders 605 
shall be twice the diameter of the LEAD. Where more than one LEAD exits the STIMULATOR each LEAD 606 
shall be tested separately. 607 

The load shall be firmly attached to the LEAD 2 cm ± 0,2 cm PROXIMAL from the most PROXIMAL 608 
electrode. The total load shall apply 0,03 N ± 0,01 N. 609 

The holding fixture shall be then oscillated through an angle of 15° (or any greater angle specified by 610 
the manufacturer) each side at a rate of approximately 2 Hz for a minimum of 100 000 (hundred 611 
thousand) cycles. 612 

Alternatively, an equivalent test may be performed where the STIMULATOR remains stationary and the 613 
LEAD is oscillated provided all other test conditions remain the same. 614 

Compliance shall be confirmed if after testing the measured resistance of each conduction path is 615 
within the manufacturer's specification and each conductor is functionally intact as per the 616 
manufacturer's performance specification. 617 

23.6 Replacement: 618 

Implantable connectors, intended for use by physicians to connect implantable parts, shall be 619 
identified (see 8.2 and 9.9). The manufacturer shall declare (see 28.4) the intended performance as 620 
implanted. The quality of connection shall not degrade during use. Re-connection shall be possible 621 
without a degradation in performance of the device. 622 

Compliance shall be confirmed by inspection of a design analysis provided by the manufacturer, 623 
supported by the manufacturer’s calculations and data from test studies as appropriate. 624 
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Additional subclauses: 625 

23.7 The implantable part of an IMPLANT SYSTEM shall be constructed so that minor shocks caused 626 
by handling during the implantation procedure do not damage the device. 627 

Test: The implantable part of the IMPLANT SYSTEM shall withstand the mechanical shock test in 628 
accordance with EN 60068-2-27:1993, Test Ea, under the following conditions: 629 

a) shock shape: half sine or haversine; 630 
b) severity: peak acceleration: 5 000 m/s2 (500 g); 631 
c) duration of shock: 1 ms; 632 
d) direction and number of shocks: one shock in each direction along three mutually perpendicular 633 

axes (total of six shocks). 634 

Compliance shall be confirmed if, after completing the test procedure, the IMPLANT SYSTEM 635 
characteristics (refer to Clause 6) conform to the manufacturer’s original specification. 636 

23.8 The implantable part of the IMPLANT SYSTEM shall be constructed so that impacts experienced 637 
during normal use do not damage the device.  638 

Test: If the STIMULATOR of the IMPLANT SYSTEM is likely to be exposed to mechanical impact when 639 
implanted, due to its location, it shall be clamped into a testing apparatus in accordance with 640 
EN 60068-2-75:1997, Test Eha or Ehc, under the following conditions: 641 

a) impact energy [J] (± 5 %): 1,5 J after the date of publication of this standard and 2,5 J three years 642 
thereafter; 643 

b) number of impacts: 1 per test (protective material + implant); 644 
c) type of testing apparatus used: pendulum hammer (EN 60068-2-75:1997, Test Eha) or vertical 645 

hammer (EN 60068-2-75:1997, Test Ehc). Striking element: 5-J-striking element in accordance 646 
with EN 60068-2-75:1997, Table 1; 647 

d) mounting of the sample undergoing the test: the sample shall be affixed to the rigid and flat 648 
supporting surface so that the side facing the cranial bone during normal use (in situ) shall lie 649 
evenly on the supporting surface. During impact, a piece of silicone (thickness: 3 mm, size: 650 
(10 × 10) cm2, shore hardness: 40° to 60°) shall be placed evenly over the implant, between 651 
measuring point 5) and implant (protective material). This piece of silicone shall be renewed for 652 
each individual test; 653 

e) pre-treatment: none; 654 
f) initial measurements: the function of the sample according to its specification shall be controlled 655 

and confirmed; 656 
g) position and impact locations: the implant shall be affixed so that the surface that during normal 657 

use (in situ) faces the skin forms the area of impact i.e., on it the protective material comes to rest. 658 
The striking element shall hit the specimen (protective material + implant) perpendicularly, i.e. the 659 
direction of the striking element's movement shall be normal to the implant’s surface. The striking 660 
element shall hit the protective material at the centre of the surface that during normal use (in situ) 661 
faces the skin. In a second test with a new sample (new protective material, new STIMULATOR), the 662 
striking element shall hit the implant's casing off-centrically at what is considered to be the 663 
"weakest" exposed point of the STIMULATOR; 664 

h) securing of base plates, coverings and similar parts: no special requirements. When performing 665 
the test a restriking (e.g. rebound) shall be avoided; 666 

i) mode of operation and monitoring of functions: function monitoring of the implant is not necessary 667 
during impact testing and it shall not be in operation; 668 

                                                      
5) "Tip" of the striking element, definition cf. EN 60068-2-75:1997, 4.1.1. 
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j) evaluation criteria: the requirements have been met if – after complete performance of the 669 
procedure for impact testing – both samples continue to comply with the specifications in 28.8.1b) 670 
and subsequently fulfils the hermeticity requirements in accordance with 19.6 for gross leak tests. 671 
An implantable microphone or other transducer might no longer function after the impact test. This 672 
is acceptable provided the failure of the microphone or transducer does not require replacement of 673 
the implantable part of the IMPLANT SYSTEM. 674 

k) follow-up treatment: none; 675 
l) final measurements: the measurements necessary for review of the specifications of the IMPLANT 676 

SYSTEM as well as the hermeticity test in accordance with 19.6. for gross leak tests; 677 
m) a test protocol containing the following statements shall be compiled: denomination of standard 678 

and specification, date and time of test, exact description of the sample, impact test procedure 679 
(pendulum hammer or vertical hammer), exact position of the point of impact (e.g. described in a 680 
drawing), type of silicone piece used (e.g. product name, source of product, mechanical 681 
properties), exact description of the testing of specifications prior to and after impact, results of the 682 
specification testing, results of the hermeticity test, results of the entire test. 683 

Compliance shall be confirmed according to test results in point j) above provided by the 684 
manufacturer. 685 

24 Protection of the active implantable medical device from damage caused by 686 
electrostatic discharge 687 

24.1 Replacement: 688 

The implantable part and the BODY-WORN part of the IMPLANT SYSTEM shall be designed and 689 
constructed so that no irreversible change will be caused by an electrostatic discharge, such as might 690 
be experienced during normal conditions of use. 691 

Test: The implantable part shall be completely immersed in non-metallic container filled with saline 692 
solution of approximately 9 g/l at room temperature. The NON-IMPLANTABLE PART shall be coupled at a 693 
distance of (5 ± 1) mm to the implantable part. The IMPLANT SYSTEM shall be set to function according 694 
to the manufacturer’s instructions. The implantable part and the BODY-WORN part of the IMPLANT 695 
SYSTEM shall withstand the electrostatic discharge test, applied to the external components, as 696 
described in EN 60801-2:1993 (with the climatic conditions as explicitly defined by 8.1.1) with a test 697 
voltage of 2 kV in the case of contact discharge to conductive surfaces and 8 kV in the case of air 698 
discharge to insulating surfaces. At least 10 discharges at the 2 kV test voltage and 5 discharges at 699 
the 8 kV test voltage shall be applied. 700 

Compliance shall be confirmed if the IMPLANT SYSTEM operates in a safe mode and if necessary can be 701 
reset to provide all functions as stated in the manufacturer’s specification for the IMPLANT SYSTEM when 702 
it is checked after performing the test above.  703 

NOTE 1 Resetting may be accomplished by switching the IMPLANT SYSTEM off and on. 704 

 705 
24.2 (Vacant) 706 
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25 Protection of the active implantable medical device from damage caused by 707 
atmospheric pressure changes 708 

25.1 This subclause of Part 1 applies. 709 

25.2 Implantable parts of an IMPLANT SYSTEM shall be constructed to withstand foreseeable 710 
increases in pressure, which might occur during vocational activities. 711 

Test: The device shall be placed in a suitable water pressure chamber and cycled 20 times from 712 
ambient pressure to a maximum pressure, which shall be 1,5 times the pressure specified in the 713 
manufacturer’s documentation (see 28.21). The rate of pressure change shall be at least 100 kPa per 714 
minute and the maximum pressure shall be maintained for at least one minute. 715 

Compliance shall be confirmed by inspection of test procedures and results provided by the 716 
manufacturer. 717 

26 Protection of the active implantable medical device from damage caused by 718 
temperature changes 719 

26.1 This subclause of Part 1 applies. 720 

26.2 This subclause of Part 1 applies. 721 

27 Protection of the active implantable medical device from electromagnetic non-722 
ionising radiation 723 

27.1 Replacement: 724 

Implantable parts of an IMPLANT SYSTEM shall not cause HARM because of susceptibility to electrical 725 
interference due to external electromagnetic fields under every circumstances which might be 726 
encountered in public access areas, whether through malfunction of the device, damage to the device, 727 
heating of the device, or by causing local increase of induced electrical current density within the 728 
patient. 729 

All protection requirements in 27.3 to 27.4 shall be met for all settings of the IMPLANT SYSTEM. This 730 
does not mean that all combinations of settings are considered but at least the following representing 731 
the worst case: The IMPLANT SYSTEM shall be configured to continuously produce the maximum value 732 
of the output signal defined in 6.2 on at least two output electrodes. The microphone sensitivity shall 733 
be adjusted to the normal clinical setting, if applicable. 734 

Compliance shall be confirmed if no permanent damage to the IMPLANT SYSTEM can be demonstrated 735 
after exposure at the upper level of 27.3 to 27.4 and if during exposure no currents larger than the 736 
maximum value of the output signal defined in 6.2 are delivered to the tissue. Compliance shall be 737 
confirmed according to test results or by an inspection of theoretical modelling provided by the 738 
manufacturer, supported by the manufacturer’s calculation and data from test studies as appropriate. 739 
In case the output current cannot be measured directly or indirectly while the interference signal is 740 
present an additional design analysis of the electronic circuit shall demonstrate that the IMPLANT 741 
SYSTEM cannot deliver higher output signals than defined in 6.2. 742 
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27.2 Replacement: 743 

The function of an IMPLANT SYSTEM shall not be significantly influenced by external electromagnetic 744 
fields which commonly might be encountered during normal daily living. No significant influence 745 
means that there shall be no long term discomfort, however some signal degradation may be tolerated 746 
during exposure. 747 

All requirements for not significantly influenced function in 27.3 to 27.4 shall be met for all settings of 748 
the IMPLANT SYSTEM. This does not mean that all combinations of settings are considered but at least 749 
the following representing the worst case: The device shall be configured to continuously produce 750 
between 25 % (“threshold level”) and 50 % (“comfort level”) of the maximum value of the output signal 751 
defined in 6.2 on at least two output electrodes. The microphone sensitivity shall be adjusted to the 752 
normal clinical setting, if applicable. The microphone ports may be blocked acoustically and any tele-753 
coil may be switched off, if applicable. The device shall be programmed such that the input frequency 754 
range normally available to the user shall be applied to the electrodes. 755 

Compliance shall be confirmed, if any output signal remains below “comfort level” during exposure at 756 
the lower level of 27.3 and 27.4. During the exposure the IMPLANT SYSTEM may occasionally drop out 757 
stimulation signals. In case that the device completely stops stimulation prior to reaching the lower 758 
levels of 27.3 and 27.4 the manufacturer shall declare the level at which this happens (see 28.22.1). 759 
Compliance shall be confirmed according to test results or by an inspection of theoretical modelling 760 
provided by the manufacturer, supported by the manufacturer’s calculation and data from test studies 761 
as appropriate. 762 

Additional subclauses: 763 

27.3 Interference signal for frequencies 16,6 Hz ≤ f < 10 MHz 764 

The time shape of the interference signal is specified in 27.5. The off-time τ0 is 10 ms and the burst-on 765 
time τ is given in Tables 101 and 102. 766 

Table 101 – Peak magnetic field strength HP 767 

Frequency 
Peak magnetic field strength HP 

Lower level Burst-on time Upper level Burst-on time 

 16,6 Hz  340 A/m  cw  480 A/m  cw 

 50 Hz  110 A/m  cw  1 200 A/m  cw 

 1,66 kHz  7,0 A/m  10 ms  150 A/m  10 ms 

 5 kHz  7,0 A/m  10 ms  150 A/m  10 ms 

 16,6 kHz  7,0 A/m  10 ms  150 A/m  10 ms 

 50 kHz  7,0 A/m  10 ms  150 A/m  10 ms 

 166 kHz  7,0 A/m  10 ms  110 A/m  10 ms 

 500 kHz  4,0 A/m  3 ms  26 A/m  1,5 ms 

 1,66 MHz  2,0 A/m  1 ms  5,5 A/m  200 µs 

 5 MHz  0,15 A/m  500 µs  2,9 A/m  50 µs 

NOTE The fields do not have to be homogenous. 

 768 
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27.4 Interference signal for frequencies 10 MHz ≤ f < 3 000 MHz 769 

The interference signal is specified in 27.5. 770 

Table 102 – Peak electric field strength EP 771 

Frequency 
Peak electric field strength EP 

Lower level Burst-on time Upper level Burst-on time 

 10 MHz  40 V/m 10 ms or cw  200 V/m  400 µs 

 33 MHz  40 V/m 10 ms or cw  200 V/m  400 µs 

 100 MHz  40 V/m 10 ms or cw  200 V/m  400 µs 

 450 MHz  40 V/m 10 ms or cw  200 V/m  400 µs 

 900 MHz  58 V/m 10 ms or cw  200 V/m  400 µs 

 1 800 MHz  82 V/m 10 ms or cw  200 V/m  400 µs 

 2 450 MHz  86 V/m 10 ms or cw  200 V/m  400 µs 

NOTE The fields do not have to be homogenous. 

 772 
27.5 Specification of interference signal 773 

At frequencies 16 Hz and 50 Hz the interference signal is sinusoidal (continuous wave, cw). 774 

 775 

Figure 106 – Interference signal at 16 Hz and 50 Hz 776 

At all other frequencies the interference signal is switched carrier. 777 

 778 

Figure 107 – Interference signal at frequencies above 1 kHz 779 
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28 Accompanying documentation 780 

This clause of Part 1 applies except as follows. 781 

28.1 Replacement: 782 

The accompanying documentation shall include the name and address of the manufacturer the 783 
address being the postal address and telephone number, or the name and address of the authorized 784 
representative, where the manufacturer does not have a registered place of business in the 785 
community. 786 

Compliance shall be confirmed by inspection. 787 

28.2 This subclause of Part 1 applies. 788 

28.3 This subclause of Part 1 applies. 789 

28.4 Replacement: 790 

If the package contains an implantable part of an IMPLANT SYSTEM intended to be connected to another 791 
implantable device or accessory, the accompanying documentation shall provide information on the 792 
connector specifications, assembly instructions and connector performance determined according to 793 
23.6. 794 

Compliance shall be checked by inspection. 795 

28.5 This subclause of Part 1 applies. 796 

28.6 This subclause of Part 1 applies. 797 

28.7 This subclause of Part 1 applies. 798 

28.8 Additional subclauses: 799 

28.8.1 The accompanying documentation shall include the following information for the implantable 800 
part of the IMPLANT SYSTEM, as appropriate: 801 

a) Device description: 802 
1. a general description, brief explanation of function, available stimulation modes; 803 
2. a listing and brief description of other functions (impedance measurement, etc.); 804 
3. the mass (in grams); 805 
4. the principal dimensions (in millimetres); 806 
5. the volume without LEAD (in cubic centimetres); 807 
6.  a listing of the materials which will come into contact with human tissue. 808 

b) Performance characteristics: 809 

1. amplitude and pulse width of the OUTPUT SIGNAL on a 1 kΩ resistor (as specified in 6.2); 810 
2. impedance measurement accuracy (as specified in 6.3); 811 
3. level of MRI safety (as specified in 22.2); 812 
4. the default factory settings of the IMPLANT SYSTEM, if applicable; 813 
5. recommended methods for determining that the implantable part of the IMPLANT SYSTEM is 814 

functioning properly (e.g. impedance measurement). 815 
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c) The specification and characteristics for each LEAD and the ELECTRODE ARRAY: 816 
1. the electrical configurations (monopolar, number of electrically independent electrode contacts, 817 

etc.); 818 
2. the shape and other characteristics (perimodiolar, drug delivering, etc.); 819 
3. a listing of the materials used for the conductors, ELECTRODE CONTACTS, and insulation of the 820 

LEAD; 821 
4. a statement advising whether the LEAD contains a MEDICINAL SUBSTANCE as an integral 822 

component, giving the identity of the MEDICINAL SUBSTANCE; 823 
5. the physical dimensions, including (nominal value): 824 

– the length of the LEAD (in millimetres); 825 
– the cross sectional dimensions of the ELECTRODE ARRAY at the PROXIMAL and the DISTAL 826 

ends (in millimetres); 827 
– the geometric surface area of the smallest and largest stimulating ELECTRODE CONTACTS 828 

(in square millimetres); 829 
– the distance(s) between ELECTRODE CONTACTS and the distance between the most 830 

PROXIMAL and most DISTAL stimulating ELECTRODE CONTACTS (in millimetres); 831 
6. the connector geometry, if applicable (lengths and diameters in millimetres), or a reference to 832 

published connector standards including any designations or markings. 833 

Compliance shall be confirmed by inspection. 834 

28.9 This subclause of Part 1 applies. 835 

28.10 This subclause of Part 1 applies. 836 

28.11 This subclause of Part 1 applies. 837 

28.12 Replacement: 838 

The accompanying documentation shall contain warning notices appropriate to the intended use and 839 
normal function of the device, including information about the risk due to interference either from or to 840 
the implantable device during other clinical procedures or medical treatments. Examples of such 841 
treatments are those referred to in (but not limited to) 20.2, 21.1, NOTE, 22.2, 22.3 and Clause 27. 842 
Where restrictions are required during treatments, e.g. proximity, energy power levels etc, the 843 
manufacturer will also need to declare in labelling and/or instructions those circumstances and limits 844 
beyond which risk might exist for the patient. 845 

Compliance shall be checked by inspection. 846 

28.13 This subclause of Part 1 applies. 847 

28.14 This subclause of Part 1 applies. 848 

28.15 This subclause of Part 1 applies. Also refer to 28.12. 849 

28.16 This subclause of Part 1 applies. 850 

28.17 This subclause of Part 1 applies. 851 

28.18 This subclause of Part 1 applies. 852 
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28.19 Replacement: 853 

If the IMPLANT SYSTEM has an implanted energy source, the accompanying documentation shall include 854 
information about the lifetime of the energy source, both when the IMPLANT SYSTEM is adjusted to the 855 
nominal clinical settings specified by the manufacturer and when adjusted to the worst case 856 
conditions. 857 

Compliance shall be checked by inspection. 858 

28.20 This subclause of Part 1 applies. 859 

28.21 This subclause of Part 1 applies. 860 

28.22 This subclause of Part 1 applies. 861 

Additional subclause: 862 

28.22.1 The information relating to electromagnetic interference characterization according to 27.2 863 
shall be provided to the clinician upon request. 864 

28.23 This subclause of Part 1 applies. 865 
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Annex AA  866 
(informative) 867 

 868 
Notes on EN 45502-2-3 869 

AA.1 General 870 

This Part of EN 45502 attempts to quantify the essential requirements of Directive 90/385/EEC. 871 
In many clauses, the standard does this by detailing a particular aspect of the essential requirements 872 
and specifying an assessment procedure or test. 873 

For some hazards, EN 45502 prescribes specific requirements along with compliance measures (e.g. 874 
leakage current levels) which, if met, would satisfy an aspect of the essential requirements of the 875 
Directive. For other hazards, this European Standard requires risks to be assessed and identified, 876 
according to EN ISO 14971. Compliance is checked by review of the risk management file provided by 877 
the manufacturer. 878 

In some cases, no laboratory test of limited duration can provide adequate assurance of the 879 
characteristics of a particular design, or assure the performance of the device after several years’ 880 
implantation. EN 45502 then requires the device manufacturer to prepare documented studies suitable 881 
for expert review. 882 

AA.2 Notes on specific subclauses 883 

The following notes on some of the provisions of this European Standard are provided as an aid to 884 
understanding. This annex is directed towards those who are familiar with the construction or use of 885 
active implantable medical devices but have not themselves participated in drafting this European 886 
Standard. The notes in this annex carry the numbers of the relevant clauses of this European 887 
Standard; therefore, paragraph numbering in the annex is not consecutive. 888 

Apart from Clauses 5, 7, and 8, the clauses of the standard are arranged so they can be addressed in 889 
sequence proceeding from checking markings on the outside of the sales pack, then the construction 890 
of the sales pack, and so on through to tests on the device, and finally to checks of the accompanying 891 
documentation. 892 

[3.3.2], [3.3.3], [3.3.4], [3.3.5] Most currently NON-IMPLANTABLE PARTS could become implantable 893 
parts in the future. 894 

[3.20.4] The USE-BEFORE-DATE is required in 9.7 and 11.5. 895 

[5.1] While operating the BODY WORN PART (e.g. changing batteries) the patient becomes an 896 
operator and is not a patient in the sense of the EN 60601-1:2006 and therefore requirements for 897 
leakage currents do not apply. 898 

[5.2] EN 45502-1:1997, 5.1 defines those requirements applicable for the NON-IMPLANTABLE PART. 899 
These cover electrical safety aspects and EMC requirements, etc. found in EN 60601-1-2:2007. 900 
Current IMPLANT SYSTEMS technology utilizes the transfer of energy through inductive RF coupling 901 
between the NON-IMPLANTABLE PART and the implantable part (RF transformer). 902 
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[13.3] This subclause addresses the underlying concern expressed by the Directive for any device 903 
in use to be identified without performing a surgical operation and without requiring special equipment 904 
specific to a manufacturer or model of a device. In practice it might not be possible to add additional 905 
markings to IMPLANT SYSTEMS. The present state of the art is to identify the manufacturer and model 906 
through x-ray outline profile. For IMPLANT SYSTEMS which do not contain an internal power source, 907 
identification of the year of manufacture is not considered significant. Future technological advances 908 
might allow telemetry identification, including the serial number or the date of manufacture of a device. 909 
Observing the x-ray outline should allow a suitable telemetry device to be selected. 910 

[14.2] As well as the specific requirement that an implant be sterile, the implant should not 911 
introduce unnecessary loose particulate matter (“sterile dirt”). The method of compliance assessment 912 
is specified so that meaningful quantitative limits can be set for assessing the results of the test. The 913 
manufacturer may choose a recognized measurement technique based on the apparatus that is 914 
readily available. Particles that have been purposely added (e.g. pharmaceutical agents) to the 915 
implant for a therapeutic reason, coating of implants, or elution from implant are not subject to this 916 
test. 917 

The number of particles is related to the surface of the device and not its volume. For example, an 918 
empty bag (large surface but negligible volume) might present an excessive particle count when 919 
soaked in a bath based on the volume of the empty bag. The same bag when filled might pass the test 920 
even though the total particle count is the same. The same holds true for devices covered by this 921 
European Standard, especially leads that typically have a large surface area but have a small volume. 922 
For IMPLANT SYSTEMS, this approach would specify a bath that is of the same order of magnitude as the 923 
volume approach in Part 1. 924 

The test limits are based on a standard test for particulate contamination in large-volume parenteral 925 
injections given in the European Pharmacopoeia. 926 

[15.2] The working group recognised the need to have appropriate tests done in order to confirm 927 
that the physical characteristics of the implantable part do not cause excessive inflammatory 928 
reactions. The manufacturer should for instance provide data from animal studies or other appropriate 929 
records. 930 

[16.2] Sustained small direct currents (DC) from implanted electrodes might cause tissue damage 931 
or electrode corrosion. The safe limit has been reduced to 0,1 µA in accordance with opinion in current 932 
literature. The test method should be applicable to a device even while stimulating using levels 933 
representing normal clinical practice. The device settings including a rationale for their choice should 934 
be documented with the test results. Appropriate steps should be taken to ensure that any 935 
transcutaneous link should not interfere with the measurement. Use a DC voltmeter fed through a low 936 
pass filter with a time constant of at least one second. This can for instance be implemented by a four 937 
element low pass RC filter with the elements built from 1 MΩ resistors and 1 µF metallised polyester 938 
capacitors. The input resistance of the DC voltmeter should then be ≥ 400 MΩ. 939 

[19.2] It is desirable that exhaustion of the power supply of an IMPLANT SYSTEM does not cause it to 940 
cease functioning without previous warning. The warning mechanism provided should not be 941 
invalidated by different stimulation strategies that deplete the power source at differing rates. The 942 
indicator can be either internal or external.  943 

[19.5] The working group recognized that the lifetime of the currently available IMPLANT SYSTEMS 944 
might be shorter than the life expectation of the patients, especially when implanting young children. 945 
From an ethical point of view and based on the state of the art, IMPLANT SYSTEM replacement should be 946 
possible. During the design process the manufacturer should consider the following aspects which 947 
might adversely affect the device replacement: compatible dimensions and shape, mechanical 948 
robustness and biological effects. 949 
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[19.6] The working group recognized the desirability of manufacturers and experts to provide 950 
assurance that the STIMULATOR case sealing will protect from any contact between components 951 
included within the case and body fluids. Such failure could induce electronic dysfunctions of the 952 
device and/or unintended stimulations at vicinity of the device and/or unintended biological effects 953 
caused by inner non-biocompatible parts (i.e. electronic components) in contact with body fluids. 954 

Procedures and failure criteria are common in the electronic industry. The test has been inspired by 955 
MIL STD 883 Method 1014. EN 13185 and EN 1593 suggest different methods that the manufacturers 956 
may select. 957 

[20.2] Defibrillators usually apply voltages in the order of 5 000 V across the torso, but present 958 
implant systems do not have implantable parts in the torso, and the resultant voltage in the area of the 959 
implantable part of the implant system is not high enough to warrant concern. However it is 960 
conceivable that parts of future devices might be implanted in the torso, for example a battery or a 961 
recharging coil. In that case the test specified in Part 1 would be necessary. If external parts are 962 
touched by the defibrillator electrodes it is not considered probable that damage will occur because 963 
the ESD requirements as outlined in Clause 24 are comparable. 964 

[21.1] The test verifies some immunity from high frequency electrical currents arising from surgical 965 
diathermy. The test frequency of 500 kHz was selected as typical of the majority of electro surgical 966 
equipment. The selected amplitude of 20 V pp, to test the protection of the device was adapted from 967 
the pacemaker standard EN 45502-2-1. The load resistor of 4,7 kΩ was chosen to reflect the 968 
impedance of the neural tissue interface in the cochlea. During the test the IMPLANT SYSTEM should be 969 
switched off. The requirement does not provide complete protection, since the voltages picked up 970 
during exposure to surgical diathermy are very dependent upon the distances between the diathermy 971 
electrodes and any conductive part of the IMPLANT SYSTEM or its electrode array, and the surgeon 972 
might not be aware of the positioning of such parts. 973 

[22.1] Note this requirement addresses only exposure to diagnostic ultrasound. In this Part of 974 
EN 45502 exposure of an IMPLANT SYSTEM to therapeutic levels of ultrasound is covered by a 975 
requirement for a warning notice (see 28.20). 976 

[22.2] The Working Group recognized the desirability of manufacturers to provide assurance that 977 
patients with an IMPLANT SYSTEM could undergo MRI testing without compromising the safety of the 978 
patient. Due to the large variety of MRI machines currently available and the different transcutaneous 979 
link characteristics used by the various IMPLANT SYSTEMS it was determined that where a manufacturer 980 
states a level of MRI safety in the accompanying documentation (see Clause 28), the field strength of 981 
the MRI machines for which safety is claimed must be stated. Regardless of the level of testing, any 982 
decision to authorize an MRI scan remains a medical decision balancing the risk of damage against 983 
the benefit of information provided by the MRI scan. The test on MRI safety implies that the implant 984 
has been placed in accordance with the manufacturer’s surgical guidelines and the implant is 985 
appropriately stabilized. The maximum safe force has been determined from publications by 986 
Hochmair, E. S., Invited editorial: MRI safety of Med-El C40/C40+ cochlear implants; Cochlear 987 
Implants Int (2001) 2(2): 98-114 and Gubbels S.P., McMenomey S.O., Safety study of the Cochlear 988 
Nucleus 24 device with internal magnet in the 1,5 Tesla Magnetic Resonance Imaging Scanner, 989 
Laryngoscope 116; June 2006, 865-871. The force at the edge of the implant or the magnet (if the 990 
magnet is not contained within a rigid structure) is a consequence of the torque and the relevant 991 
dimensions of the device and therefore specifying a test for the force was considered sufficient. For 992 
the measurement of the force a theoretical approach has been proposed since the ensuing 993 
demagnetisation could underestimate the actual force. Alternatively, the methods in the ASTM 994 
standards (ASTM F2052, ASTM F2213) can be used to measure force and torque separately. 995 

The working group recognized that heating at the tip of the lead might be an important issue. At the 996 
time of writing the standard a working group was formed under ISO TC 150 SC6 and IEC SC 62B 997 
which might lead to an improved measurement method. The ASTM F2182 standard has been used to 998 
test heat generation at the tip of the lead of Active Implantable Medical Devices such as pacemakers 999 
and cochlear implants and therefore is considered as a suitable alternative test. The implant is placed 1000 
under the temporalis muscle which has a good blood supply. Therefore, 2 ºC temperature rise is 1001 
reasonable. 1002 
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During the tests for heat generation, unintentional output and implant damage, the implantable part 1003 
has to be held by an appropriate fixture in order to avoid movement of the implant in the MRI machine. 1004 
MRI scanning will result in image distortion by the implantable part; however this is not considered a 1005 
safety issue. Also, the potential demagnetisation of the internal magnet resulting from the MRI 1006 
scanning was not considered a safety issue. Where there is magnetic degradation expected, labelling 1007 
should contain the appropriate information (see 28.12). 1008 

[22.3] The Working Group recognised that current and future cochlear implant designs are likely to 1009 
continue to have a degree of susceptibility to degradation or malfunction following exposure to 1010 
therapeutic ionising radiation. The group also recognised the need for cochlear implant patients not to 1011 
be disadvantaged where therapeutic radiation treatment is needed. Although radiation treatment might 1012 
be targeted over (or close to) the implanted part, it was noted that the majority of treatments will be 1013 
targeted at other locations. In this latter situation exposure to radiation scatter is likely to be a main 1014 
concern. In keeping with good clinical practice, active implants should be shielded during radiation 1015 
therapy, thereby minimising exposure to harmful radiation. 1016 

Literature reports of irradiation testing of some cochlear implants (Baumann, R., Lesinski Schiedat, A., 1017 
Goldring, J. E., Gnadeberg, D., Rittmann, K. L., Battmer, R. D., Karstens, J., Lenarz, T. The influence 1018 
of ionizing radiation on the CLARION 1.2 cochlear implant during radiation therapy. Am J Otol (1999) 1019 
20(1): 50-52 and Ralston, A., Stevens, G., Mahomudally, E., Ibrahim, I., Leckie, E. Cochlear implants: 1020 
response to therapeutic irradiation. Int J Radiat Oncol Biol Phys (1999) 44(1): 227-231) indicate that 1021 
although current designs have a limited degree of “hardness” to the effects of ionising radiation, no 1022 
device can be designed and manufactured to be totally immune. The group identified the need for 1023 
manufacturer’s designs to demonstrate a level of immunity but agreed that a minimum radiation 1024 
“hardness” level would result in unfair discrimination. The solution adopted by the working group was 1025 
to agree a defined irradiation test method, based on common radiation treatment patterns (fractional 1026 
accumulated dosage). The manufacturer declares the maximum level of accumulated dose after which 1027 
the device will continue to function normally. Labelling on the basis of this test enables clinicians to 1028 
judge whether an intended pattern of radiation therapy is likely to permanently affect the functionality 1029 
of the implanted part. 1030 

[23.1] Hand-held programmers and portable device analysers might be subject to severe 1031 
mechanical shocks during handling by other than the expert user. If such impacts cause damage not 1032 
immediately apparent to the user, the damaged device might miss-set the implant or give an 1033 
erroneous analysis, which could subsequently result in an unnecessary explanation. 1034 

[23.2] This test is intended to establish minimum requirements for the durability of the implanted 1035 
part of an IMPLANT SYSTEM with respect to mechanical robustness. 1036 

Withdrawal of a test originally called by EN 45502-1 has required a new test to be defined. 1037 

The replacement text is based on a new part of the European Standard EN 60068-2-64:2008. 1038 

The test severity is determined by the test conditions a) - d). The range of test frequencies is based on 1039 
experience with the sinusoidal sweep method in common use for a number of years within the 1040 
pacemaker industry. 1041 

The value for the acceleration spectral density was also derived from the sinusoidal sweep method in 1042 
8.1.1 of EN 50061:1988. That test specifies a peak acceleration of 25 m/s2. This translates into an 1043 
r.m.s. value of 1,77 g. An acceleration spectral density of 0,7 (m/s2)2/Hz translates into an r.m.s. value 1044 
of 1,86 g. This last calculation is an approximation that might vary slightly depending on the equipment 1045 
used to generate the random vibration. However, the level of stress on the IMPLANT SYSTEM is 1046 
comparable to the level in the method in EN 50061. 1047 

In general, a short duration test will produce low confidence level results. The duration value for this 1048 
test is the midpoint of the recommended values in 5.5 of EN 60068-2-64:2008. It should provide 1049 
reasonable confidence in the reproducibility of the results while producing a test method whose overall 1050 
time to complete is also reasonable. 1051 

Protection of the device during delivery and storage is provided by appropriate design of the 1052 
packaging, which is evaluated with respect to vibration in 10.1. 1053 
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[23.3] Reports in literature indicate that paediatrics will be subject to skull growth of 12 mm 1054 
(standard deviation of 5 mm) from the round window to the sino-dural angle between birth and 1055 
adulthood (Dahm M, Shepherd RK, Clark GM, Archives of Otolaryngology Stockholm, 1993). Leads 1056 
forming part of an IMPLANT SYSTEM need to be designed to withstand elongation, which might be 1057 
experienced during the skull growth period. In case the lead is not allowing elongation of 15 mm the 1058 
manufacturer’s surgical procedure has to avoid extrusion of the electrode array from the cochlea. The 1059 
working group considered a force of 1 N to be representative of the elongation force acting during 1060 
bone growth and during implantation. The test method developed in 23.3, for IMPLANT SYSTEMS takes 1061 
into consideration the differing designs of lead geometry. Although the most appropriate method of 1062 
lead attachment is left to the manufacturer discretion, it is required that the critical lead portion subject 1063 
to elongation by skull growth is identified in the design and subjected to a standard test. 1064 

[23.5] When drafting this European Standard the working group observed that recommended 1065 
clinical practice was to implant the implantable part of an IMPLANT SYSTEM within a bony bed. This 1066 
provides maximum stability to the implanted part and its associated electrode array and is considered 1067 
state of the art. Tests 1 and 2 are intended to establish minimum requirements for the flexural 1068 
durability of implantable LEADS. Test 1 is designed to simulate any adverse handling conditions, which 1069 
might be experienced during removal from the STERILE PACK and handling prior to implantation. Test 2 1070 
acknowledges that variation in implantation technique might exist and is designed to simulate micro 1071 
movement of the lead after implantation especially in the region of the temporalis muscle. However, it 1072 
is also acknowledged that with the recommended implantation technique, micro movement of the LEAD 1073 
can be significantly reduced. 1074 

Although the exact conditions are impossible to determine, it is believed that shearing and bending 1075 
causes similar stress conditions to those experienced by in vivo failures. A 3 g weight is attached to 1076 
the test segment to force the test sample to conform to the required angular displacement without 1077 
providing a significant tensile load. Bending the test sample by ± 15° for 100 000 cycles creates a 1078 
more severe strain at the electrode than is expected in vivo. 1079 

[23.6] EN 45502 leaves the method of providing a secure connection to the manufacturer’s 1080 
specification. Thus the manufacturer is required to specify compatible connector parts (see 9.9 and 1081 
28.9) so that specified parts can be selected for test, ensuring that implanted connector pairs are 1082 
reliable when subject to tensile force. 1083 

[23.8] The working group recognized the need for an impact test of the implanted part in order to 1084 
minimise the risk for failures due to trauma. Whilst adults rarely experience falls which might result in 1085 
impact damage to the IMPLANT SYSTEM, children are particularly vulnerable due to mobility, height, lack 1086 
of co-ordination of lower limbs. The test has been designed to give assurance that impacts 1087 
experienced during normal daily living will not compromise the implantable part. Such impacts would 1088 
include falls or knocks to the head during walking, running or cycling which would not require medical 1089 
attention or first aid. A project was commissioned by the German Competent Authority (BFARM) to 1090 
investigate failure modes and develop appropriate test methods. The outcome was published in 1091 
„Cochlea-Implantate unter Stossbelastung – Auswertung von Unfallszenarien, Ermittlung von 1092 
Beanspruchungsgrenzen und Entwicklung eines standardisierten Prüfverfahrens“, Dissertation 1093 
Medizinische Hochschule Hannover by Verena Holtkamp, 2004. Based on the results of above project 1094 
the committee has chosen an energy of 2,5 J as the goal of protection. This energy will cover a hit to 1095 
the head (at the location of the implant) of a hard object with the mass of 1 kg and a velocity of about 1096 
2,25 m/s. Based on current field experience of several thousand devices using device models identical 1097 
to those tested by Holtkamp an energy of (1-1,5) J was deemed sufficient in order to provide an 1098 
acceptable resistance to environmental impacts. The working group concluded that at the time the 1099 
standard becomes mandatory an energy of 1,5 J should be applied during the test and three years 1100 
after the standard becomes mandatory an energy of 2,5 J should be used providing an additional 1101 
safety margin. According to the AIMD Directive the manufacturer can demonstrate compliance with the 1102 
essential requirements also by not using this European Standard. In that case the manufacturer 1103 
should demonstrate a comparable level of safety as described in the standard. If the IMPLANT SYSTEM 1104 
is provided with an implantable microphone or other transducer these might no longer function after 1105 
the impact test. This is acceptable provided there is redundancy in the system which does not require 1106 
replacement of the implantable part of the IMPLANT SYSTEM. 1107 
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[24.1] The test set-up has been chosen to simulate the in vivo situation of an implanted subject 1108 
wearing the BODY-WORN part (e.g. speech processor with coil but without an optional FM unit) The test 1109 
is applied to the NON-IMPLANTABLE PART. Any surge affecting the BODY-WORN part will also impact the 1110 
implantable part. The test voltages have been chosen from EN 45502-1:1997, 24.1. Higher test 1111 
voltages would not be appropriate for the very small external parts (behind-the-ear speech processor) 1112 
used with IMPLANT SYSTEMS. 1113 

[25.2] This test simulates in part increased pressure which might occur during particular 1114 
occupational or recreational activities such as scuba diving. This was included as a result of increased 1115 
user expectations. 1116 

[27] This requirement covers all currently foreseeable electromagnetic environments the bearer 1117 
of the IMPLANT SYSTEMS might encounter, even those being encountered hardly ever in areas with 1118 
public access. The requirement is separated into two sub-requirements: One is for protection against 1119 
harm, damage of tissue or device and pain to the bearer in public areas under every circumstance 1120 
even those encountered rarely during normal daily living (27.1). Other guarantees that the device 1121 
deliver not significantly influenced function during commonly encountered situations during normal 1122 
living (27.2). 1123 

Clause 27 only contains requirements in terms of exposure levels (27.3 and 27.4). It is up to the 1124 
manufacturer to choose the appropriate means to demonstrate compliance, either theoretical 1125 
modelling or direct EMI measurements. 1126 

Annex BB gives an example how to demonstrate compliance by means of theoretical modelling. 1127 
Annex CC gives an example how to demonstrate compliance by EMI measurements. 1128 

[27.1] This requirement guarantees the device will not be damaged and the bearer will not be 1129 
harmed under electromagnetic exposure. This requirement corresponds to requirement 8, third indent 1130 
of Directive 90/385/EEC. 1131 

The relevant levels for 27.1 (upper levels of the requirements in 27.3 and 27.4) are derived from the 1132 
basic restrictions of Recommendation 1999/519/EC for general public covering reasonable peak and 1133 
localization factors. Theoretically even higher peak amplitudes and local spots are assumed to provide 1134 
no risk for persons without implant too, but no known field in the general public really uses such 1135 
parameters at present. The working group decided not to cover such unrealistic values. 1136 

The required exposure levels are specified in 27.3 and 27.4. These subclauses provide two 1137 
interference levels: requirement for uninfluenced function (lower level) and protection requirement 1138 
(upper level). Subclause 27.1 applies at the upper level only and does not require uninfluenced 1139 
function of the IMPLANT SYSTEMS during exposure. 1140 

The settings have been chosen to reflect the highest possible output signals. Any significant increase 1141 
of stimulation signals above the maximum output level might cause harm to the bearer. Therefore the 1142 
compliance can be demonstrated by the limitation of the increase of output signal level during 1143 
exposure. Additionally it is to be demonstrated, that the IMPLANT SYSTEMS still function as specified 1144 
after exposure. 1145 

[27.2] The requirement covers commonly encountered electromagnetic environment for the general 1146 
public and demands for uninfluenced function during exposure. The requirements for 27.2 (lower 1147 
levels of the requirements in 27.3 and 27.4) are derived from the reference levels of Recommendation 1148 
1999/519/EC for general public without taking into account any peak or localisation factors. 1149 
Nevertheless these lower levels cover almost all known fields too, since these values will be exceeded 1150 
in very rare situations restricted to short duration and local spots. 1151 

The required exposure levels are specified in 27.3 and 27.4. These subclauses provide two 1152 
interference levels, requirement for uninfluenced function (lower level) and protection requirement 1153 
(upper level). Subclause 27.2 applies at the lower level only and requires uninfluenced function of the 1154 
IMPLANT SYSTEMS during exposure. 1155 



D
ra

ft 
fo

r v
ot

e

FprEN 45502-2-3:2009 – 36 – 
 

The settings have been chosen to reflect typically used output signals. Compliance can be 1156 
demonstrated by the limitation of changes of amplitude and phase of the output signal during 1157 
exposure. The wording “uninfluenced function” does not mean that there should be no detectable 1158 
changes of amplitude and phase of the output signal at all, but the function should not be 1159 
uncomfortable to the user. 1160 

[27.3 and 27.4] The requirements are restricted to about two frequencies per decade only to reduce 1161 
calculation time for exposure simulations of a theoretical modelling or measuring time of EMI 1162 
measurements. The frequencies are fixed. Such large frequency steps do not cover single narrow 1163 
resonances of the IMPLANT SYSTEMS but aim to provide confidence of good overall performance. 1164 
Between 50 Hz and 1,66 kHz no further test frequency is provided, because no powerful field 1165 
applications are known in this range.  1166 

[27.3] Frequency range 16,6 Hz to 10 MHz. The requirements are restricted to pure magnetic 1167 
fields, because the ratio of acceptable levels for electric and magnetic fields are below Z0 = 377 V/A. 1168 
Additionally, at low frequency the shielding of the tissue around the implanted part is much stronger for 1169 
electric fields than for magnetic. 1170 

The field strength for the protection requirement (upper level) for frequencies 16,6 Hz and 50 Hz was 1171 
chosen with respect to the most powerful field sources used in this range, railway systems and power 1172 
supplies (60 Hz will be covered by 50 Hz test too). At these low frequencies (above 50 Hz and below 1173 
1,66 kHz) high field strengths are acceptable for persons without implants, but they are not 1174 
encountered during everyday life. For frequencies between 1,66 kHz and 100 kHz, the requirement 1175 
was derived from the basic restrictions of Recommendation 1999/519/EC (which are corresponding to 1176 
ANSI/IEEE C95.1) supposing a local factor of slightly more than 20, combined with the peak-to-r.m.s. 1177 
ratio for continuous wave of 1,4. This means, the maximum peak field strength of non-pulsed waves 1178 
can be about 28 times the reference level (which is r.m.s. value for whole body exposure). The peak 1179 
factor is 1 for frequencies below 100 kHz. This means, that no exceeded peak values are accepted for 1180 
pulsed fields. Above 100 kHz the local factor decreases continuously to factor 5 at 10 MHz and the 1181 
peak factor increases continuously to about 32 at 10 MHz. This means, that the peak field strength is 1182 
governed by local factor at low frequencies and by peak factor at high frequencies. 1999/519/EC 1183 
allows the peak field strength for pulsed fields above 10 MHz to be 32 times the reference levels 1184 
(23 · 1,4 ≅ 32). The upper levels of 27,3 cover both factors, local and peak, whichever is higher. At 1185 
present, known fields do not use peak factors of more than about 5. Therefore peak factors up to 1186 
about 5 are covered by the upper levels of this European Standard only. 1187 

The field strength for the requirement for uninfluenced function (lower level) reflects the reference level 1188 
of Recommendation 1999/519/EC. This means that locally increased or pulsed field strengths are 1189 
covered only partially. The lower levels cover all commonly encountered exposures of whole body but 1190 
do not cover some localized emitters, for example some EAS devices might still influence the function 1191 
of the implant. The requirement for uninfluenced function at frequencies between 1,66 kHz and 1192 
100 kHz is more than 20 times lower than the protection requirement. Since the peak factor covered 1193 
here increases moderately from 1 at 100 kHz to 5 above 10 MHz, the difference between upper and 1194 
lower levels decreases slowly at the upper end or the frequency range. Recommendation 1195 
1999/519/EC allows at 5 MHz higher magnetic fields than those specified in the Table 101. However 1196 
this frequency is used for broadcasting which practically does not provide localized fields. In far field 1197 
situations (E/H = 377 V/A) the E-field component limits the level of the electromagnetic field. 1198 

NOTE “Peak magnetic field strength” describes the maximum amplitude of the magnetic field vector and not the maximum 1199 
short time r.m.s.-value during a burst. 1200 

Theoretical modelling as well as measurements should demonstrate that compliance is reached for 1201 
any direction of field vector. 1202 
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[27.4] Frequency range 10 MHz to 3 GHz. At frequencies above 10 MHz electric and magnetic 1203 
component both are relevant. Since most exposures can be covered by far field situations, only the 1204 
electric field strength is specified. 1205 

Theoretically a local factor of 5 and additionally a peak factor of 32 with respect to the reference levels 1206 
of Recommendation 1999/519/EC would be acceptable for persons without implant. But in real life no 1207 
such field sources with public access are known. With respect to known far field sources an overall 1208 
factor of 5 for frequencies up to 450 MHz was chosen, decreasing to 2,5 at 2 450 MHz. This means 1209 
that not all possible mobile devices emitting pulsed fields which might be held directly towards the 1210 
implantation site are covered by the requirement. 1211 

The field strengths for the requirement for uninfluenced function (lower level) reflect the reference 1212 
levels of Recommendation 1999/519/EC supporting neither local factor nor peak factor. This covers 1213 
most commonly encountered far fields with public access. 1214 

NOTE “Peak electric field strength” describes the maximum amplitude of the electric field vector and not the maximum short 1215 
time r.m.s.-value during a burst. 1216 

Above 800 MHz especially near field situations are relevant due to common handheld cellular phones. 1217 
Nevertheless, it seems to be sufficient to specify the electric field strength only. 1218 

Theoretical modelling as well as measurements should demonstrate that compliance is reached for 1219 
any direction of field vector. 1220 

[27.5] The modulation / pulse shape should reflect two things. It should have the potential to 1221 
influence the function but, in case of measurements, it should not have the potential to be confused by 1222 
the test equipment with the stimulation signal of the implant. The amplitude of the interference signal is 1223 
defined in 27.3 to 27.4. 1224 

At 16,6 Hz (some European railway systems) and at 50 Hz (power supply) the fields usually are 1225 
sinusoidal wave. At all other frequencies various different technical applications exist which use 1226 
modulated and pulsed fields. Switched carrier signals seam to provide the maximum potential 1227 
influence on implants. 1228 

[28.4] At the time of writing the standard there is no IMPLANT SYSTEM currently available using 1229 
implantable connectors. The intention of this subclause is to ensure that the manufacturer provides the 1230 
necessary information on appropriate connectors and assembly procedures. 1231 

[28.12] Whilst tests have been constructed to demonstrate continued safe performance of the 1232 
IMPLANT SYSTEM either during, or following, the application of certain clinical procedures or medical 1233 
treatments, warnings might still be required where performance of the IMPLANT SYSTEM remains 1234 
unaffected but where risks might exist to the patient through its presence during the application of 1235 
clinical procedures or medical treatments. 1236 

[28.15] IMPLANT SYSTEMS can withstand specific levels of therapeutic ionizing radiation. According to 1237 
28.12 the manufacturer has to provide information on the maximum allowable dosage according to the 1238 
test described in 22.3. 1239 

[28.19] At the time of writing this European Standard, available IMPLANT SYSTEMS do not have an 1240 
implanted energy source. Future IMPLANT SYSTEMS are likely to have a rechargeable implanted battery. 1241 
When estimating the lifetime of the energy source for normal clinical settings and worst case 1242 
conditions the manufacturer should take the following parameters into consideration: the battery 1243 
operating time for a single charge, the total number of recharge cycles and the charging time. 1244 
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Annex BB  1245 
(informative) 1246 

 1247 
Notes on theoretical modelling 1248 

to demonstrate compliance to Clause 27 1249 

BB.1 General 1250 

The working group identified and discussed the following advantages and disadvantages of theoretical 1251 
modelling: 1252 

a) Advantages: 1253 
– no expensive measurement equipment and laboratory is needed; 1254 
– no specialists for rf-measurements would be needed; 1255 
– after the first development of the model, repetition will be very fast; 1256 
– no spurious signals need to be filtered out. 1257 

b) Disadvantages: 1258 
– no real exposure is used and therefore not all effects can be accounted for; 1259 
– sophisticated separation of internal and external effects to the implant is necessary; 1260 
– detailed knowledge of the internals of the implant is needed at the same time as experience 1261 

with fields and current densities inside the human head; 1262 
– modelling might have to be repeated in case of internal or external layout changes of the 1263 

device; 1264 
– expert in modelling and validation of models needed. 1265 

All proposals given in Annex BB are examples only. It is acceptable to use other models and methods 1266 
to demonstrate compliance with the requirements. 1267 

It would be acceptable to substitute some calculations by partial measurements or vice versa. For 1268 
example: It might be suitable to calculate the worst case currents and voltages injected into the 1269 
implanted leads and to measure the immunity of the implant against signals loading its lead-1270 
connectors. 1271 

It might be possible to reduce the complexity of the calculations by excluding some parts of the device 1272 
due to measurements, demonstrating a sufficient immunity of these parts separately. For example, it 1273 
would be possible to neglect induced signals between separated parts of the system if the connection 1274 
is blocked by appropriate feed through filters. 1275 

Theoretical modelling should contain the following: 1276 

– a numerical model of the human head sufficiently detailed in the region of ear and cochlea and a 1277 
numerical method to calculate field strength and induced current densities inside the head (DD.2); 1278 

– extension of the numerical model with the implanted device and a numerical method to calculate 1279 
the induced currents in the implanted leads (DD.3); 1280 

– a numerical model of all parts of the device and a numerical method to calculate the induced 1281 
voltages and currents at internal points in the circuitry when exposed to electromagnetic fields 1282 
(DD.4). Voltages and currents induced between separate connected parts of the device should be 1283 
taken into consideration too; 1284 

– numerical simulation of the circuitry to demonstrate how the calculated induced voltages and 1285 
currents (including the injected currents through the leads) disturb the function of the device 1286 
(DD.5). 1287 
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BB.2 Numerical model of head (without implant) 1288 

Numerical models of human head are available, i.e. “Schutz von Personen mit Cochleaimplantaten in 1289 
elektromagnetischen Feldern”, Final report of project 37/02, German Federal Ministry of Economics 1290 
and Work (BMWA), Dec. 2004. Most other available head models are yet not fine enough to represent 1291 
ear and cochlea in detail; therefore care should be taken to use a head model which is digitized 1292 
sufficiently fine. The models and the numerical exposure methods originally were optimized with 1293 
respect to calculation of SAR (specific absorption rate = heating of tissue) and are to be extended to 1294 
include induced current densities inside the head tissue. Basic experience with such extensions 1295 
(tissue currents) is available (see DD.3). 1296 

BB.3 Calculation of injected currents to the leads 1297 

The numerical models of head and the numerical calculation methods for exposure to electromagnetic 1298 
fields are optimized for continuous dielectric tissue. These are to be extended to allow representation 1299 
of implanted metallic conductive structures and to calculate voltages and currents induced in 1300 
implanted wires. Basic experience with such extensions is available from published studies of 1301 
implanted pacemakers, e.g. Landstorfer, F. M.; Geisbusch, L.; Jakobus, U.; Maier, M.; Ruoß, H.-O.; 1302 
Spreitzer, W.; Waldmann, J.: Development of a model describing the coupling between electrodes of 1303 
cardiac pacemakers and transmitting antennas in their close vicinity in the frequency range from 1304 
50 MHz to 500 MHz. – Final Report second edition the Institute for High Frequency Technique, 1305 
University Stuttgart, on behalf of Forschungsgemeinschaft Funk (10.1999). 1306 

BB.4 Calculation of induced currents and voltages inside the implant and inside 1307 
the non-implantable parts and between connected parts 1308 

Subclause DD.3 allows to determine the “external” interference signals fed through the leads. The 1309 
exposure field strength for the NON-IMPLANTABLE PARTS is equal to the requirement of Tables 102 and 103. 1310 
Subclause DD.2 allows to determine the resulting exposure field strength for the implanted part inside the 1311 
head tissue. Numerical simulation can be used to determine the “internally” induced interference signals. 1312 

BB.5 Description of suppression of interference signals 1313 

After carrying out DD.2 to DD.4 all interfering signals will be known. A circuit simulation tool or a 1314 
design analysis will be needed to determine the disturbance of function. 1315 
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Annex CC  1316 
(informative) 1317 

 1318 
Notes on EMI measurements 1319 

to demonstrate compliance to Clause 27 1320 

CC.1 General 1321 

The working group identified and discussed the following advantages and disadvantages of direct EMI 1322 
measurements: 1323 

a) Advantages: 1324 
– real exposure is used and therefore all effects will be covered; 1325 
– no sophisticated separation of internal and external effects to the implant is necessary; 1326 
– same measurement equipment can be used every time, even in case of changes of the device 1327 

or of its outline; 1328 
– no detailed knowledge of the internals of the implant is needed for measurements. 1329 

b) Disadvantages: 1330 
– very high field strength is needed, much higher than for common EMC testing and therefore 1331 

development of special equipment might be required; 1332 
– sophisticated filtering of output signals of the device is necessary. 1333 

All proposals given in Annex CC are examples only. It is acceptable to use other equipment and 1334 
methods to demonstrate compliance with the requirements. 1335 

The test should be performed with the implant inserted into a head simulator, which approximates the 1336 
behaviour of the human tissue and provides pickup of currents induced inside the body tissue. 1337 
Clause CC.2 gives an example of a suitable head simulator. 1338 

At frequencies below 10 MHz the head simulator is to be exposed to a magnetic field. This field can be 1339 
achieved by single planar or Helmholtz coils. Clause EE.3 provides hints on how to set up those 1340 
measurements. 1341 

At frequencies above 10 MHz the head simulator is to be exposed to an electromagnetic field. An adequate 1342 
far field can be achieved in a transversal electromagnetic cell (TEM) or in a gigahertz transversal 1343 
electromagnetic cell (GTEM). Clause EE.4 provides hints on how to set up those measurements. 1344 

At frequencies above 450 MHz the head simulator alternatively can be exposed to an electromagnetic 1345 
near field. Clause EE.5 provides hints on how to setup those measurements. 1346 

Some general hints apply to all measurements: 1347 

Due to the acoustic noise that might be present in the test environment the microphone ports may be 1348 
acoustically blocked for example by a drop of epoxy. In order to evaluate the immunity of the front end 1349 
stage, typical clinical settings (including microphone amplifier gain and input frequency range) should 1350 
be used. In order to ensure that the impact of interference is measurable the output should be mapped 1351 
between 50 % (comfort level) and 25 % (threshold level) of the maximal output signal (measurement 1352 
for 27.2 only). 1353 

For measurement of the protection requirement (27.1, upper levels) the settings have been chosen to 1354 
reflect the highest possible output signals. In order to achieve a stable oscilloscope picture the 1355 
threshold and comfort levels are both set to the same maximum value and only two electrodes are 1356 
used. In order to increase the signal to noise ratio the output signal may be measured during the 1357 
off-time τ0 between the bursts. As the reaction of the device to the interference persists during the 1358 
off-time of the interference signal any disturbances of the output are most likely detected. The high-1359 
pass filter used for the continuous wave (cw) test signals should not distort the output signal under 1360 
test. In order to suppress interference from the inductive link between the implanted device and the 1361 
processor a low pass-filter with a cut-off frequency of 100 kHz similar to the one in 22.2 should be 1362 
used. 1363 
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CC.2 Head simulator 1364 

This head simulator was inspired by ANSI/AAMI PC69:2000 describing a trunk simulator. The head 1365 
simulator shown below is provided only as an example. The dimensions are 15 cm width, 15 cm 1366 
length and 12 cm height in order to reflect the head size. The test should be done at room 1367 
temperature. 1368 

The simulator should be filled up to a height of 10 cm with saline, providing appropriate conductivity as 1369 
defined in ANSI/AAMI PC69:2000. 1370 

The head simulator does not need to be rotated. The IMPLANT SYSTEM can be rotated by 90°. Two 1371 
perpendicular orientations of the device should be tested, for example with the E field vector normal to 1372 
the output lead of the implant and another having it parallel (orientation 2). For the far field tests above 1373 
10 MHz with both orientations shown in Figure CC.101 the E field vector should be vertical and the 1374 
wave propagation normal to the surface carrying the processor and headpiece.  1375 

 1376 

The field and propagation vectors show the situation in the TEM cell. 1377 

Figure CC.101 – Head simulator for EMI measurements 1378 

For the near field tests below 10 MHz (magnetic field) with both orientations shown in Figure CC.101 1379 
the H field vector should be horizontal and normal to both, to the shown E field vector and to the 1380 
shown propagation direction. Additionally a third orientation with the H field vector normal to the 1381 
surface carrying the processor and headpiece should be used with one of the shown orientations. 1382 
Alternatively, the worst case condition should be determined and this should be tested.  1383 

For the optional near field tests above 450 MHz the test dipole should be parallel to the E field vectors 1384 
as shown in Figure CC.101. 1385 
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CC.3 Exposure to magnetic field at frequencies below 10 MHz 1386 

The device under test is switched on and placed into the head simulator (CC.2). The head simulator is 1387 
placed in such a way into the coil (planar, Helmholtz or similar coil with a diameter of at least 30 cm) 1388 
that the IMPLANT SYSTEM is in the centre of the coil. The test is performed at discrete frequencies with 1389 
peak values of field strength according to Table 101. Each test frequency is to be applied for at least 1390 
10 s. Each test is to be repeated for three orthogonal orientations of the magnetic field vector with 1391 
respect to the output lead of the implant. Alternatively, the worst case condition should be determined 1392 
and this should be tested. It might be necessary to use separate coils with different winding numbers 1393 
to achieve the required magnetic field strength with reasonable feeding current or amplifier output 1394 
power. For frequencies above 165 kHz a single winding with a very thick wire or a copper tube of 1395 
about 1 cm in diameter is to be used to avoid resonance of the coil. It is acceptable to tune the coil 1396 
with parallel capacitors at any frequency to reduce the feeding current. Due to this, the voltage across 1397 
the coil is to be calibrated against field strength instead of drive current. 1398 

NOTE “Peak magnetic field strength” describes the maximum amplitude of the magnetic field vector. At frequencies above 1399 
1 kHz the generator driving the coil does not need to deliver the output power continuously. For example at 5 MHz an average 1400 
power of 1/200 of the peak power during the burst would be sufficient (crest factor of 23 dB). 1401 

Calibration of the coil: For any test frequency the ratio between the feeding voltage across the coil and 1402 
the field strength at the centre of the coil should be determined with no head simulator inserted. The 1403 
calibration should be performed with a magnetic probe smaller than 10 cm in diameter and an 1404 
accuracy of at least ± 10 % and a voltage meter with accuracy of at least ± 5 %. The measurements 1405 
with the head simulator and the device under test inserted are to be performed with the calibrated 1406 
voltage across the coil. This kind of calibration differs from commonly used calibration by measuring 1407 
the feeding current to the coil. The calibration against the voltage across the coil simulates the 1408 
definition of exposure field strength in absence of the head simulator and device under test. The 1409 
current calibration rather would simulate the resulting field strength in presence of the head simulator 1410 
and device under test. It is accepted, that the field of a single planar coil is not homogeneous over the 1411 
range of the head simulator and that the field is displaced slightly by the head simulator. 1412 

CC.4 Exposure to EM far field at frequencies from 10 MHz to 2 450 MHz 1413 

The device under test is switched on and placed into the head simulator (CC.2). The head simulator is 1414 
placed into a TEM cell (restricted to frequencies below 1 GHz only) or a GTEM cell with usable 1415 
measurement area of at least 30 cm in diameter. The test is performed at discrete frequencies with 1416 
peak values of electric field strength according to Table 102. The wave propagation direction should 1417 
be normal to the surface carrying the processor and headpiece.  1418 

Calibration: For any test frequency the ratio between the feeding voltage or the feeding power of the 1419 
TEM or GTEM cell and the electric field strength at the centre of the measurement area in absence of 1420 
the head simulator and device under test should be determined. The calibration should be performed 1421 
with an overall accuracy of at least + 30 % and – 25 %. The measurements with the head simulator 1422 
and the device under test inserted are to be performed with the calibrated voltage or power feeding 1423 
the TEM or GTEM cell. It is accepted, that the field is disturbed slightly by the head simulator and 1424 
device under test. 1425 

In case of a TEM or a GTEM cell with for example 50 cm height between the plates the maximum 1426 
voltage amplitude is 100 V corresponding to 71 V r.m.s. for the upper level. The power of the 1427 
generator during the burst-on time for such a TEM or GTEM cell with 50 Ω impedance would be 1428 
100 W r.m.s. for the upper level. But the average r.m.s. power integrated over a whole cycle of the 1429 
envelope (on-time plus off-time) is about 25 times lower for the test signal at the upper test level. 1430 
Therefore an amplifier with 4 W r.m.s. average power and 100 W r.m.s. peak power would be 1431 
sufficient (crest factor 14 dB). 1432 

NOTE “Peak electric field strength” describes the maximum amplitude of the electric field vector but “Peak power during burst” 1433 
describes the r.m.s. power during the short time of the burst. 1434 
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CC.5 Exposure to EM near field at frequencies above 450 MHz 1435 

This test is an alternative to the tests described in CC.4 which avoids high power fields with TEM or 1436 
GTEM cells at frequencies above 450 MHz. It is easier to perform than the test CC.4, but on the other 1437 
hand the TEM or GTEM cell will still be needed because of tests below 450 MHz. This near field test 1438 
especially simulates interference by handheld phones, which seems to be the major source of 1439 
interference in this frequency band. 1440 

The device under test is switched on and placed into the head simulator (CC.2). For each test 1441 
frequency a separate test dipole is to be used according to ANSI/AAMI PC69:2000. The test is 1442 
performed at discrete frequencies with peak net dipole power according to Table CC.101 below. Each 1443 
test frequency is to be applied for two orthogonal orientations of the dipole with respect to the output 1444 
lead of the implant. There are two options: Either use both sample orientations of Figure CC.101 with 1445 
the dipole orientated vertically, or use only one sample orientation and rotate the test dipole also to a 1446 
horizontal orientation. In any case, the distance from the centre of the dipole to the surface of the 1447 
plastic container carrying processor and headpiece should be 1 cm. 1448 

Table CC.101 – Peak net dipole power 1449 

Frequency 
Peak net dipole power 

Lower a test level Burst-on time Upper b test level Burst-on time 

 900 MHz 40  mW 10 ms 2 W 1,4 ms 

 1 800 MHz 40  mW 10 ms 2 W 1,4 ms 

 2 450 MHz 40  mW 10 ms 2 W 1,4 ms 
a The test levels are taken from ANSI/AAMI PC69:2000. The lower test level corresponds only just to the lower level of peak 

field strength given in Table 102. This covers distance between handheld cellular phone and implant of 15 cm. 
b The upper test level corresponds to slightly more than the upper level of peak field strength given in Table 102. This covers 

distance between handheld cellular phone and implant of 1,3 cm. 

For any test frequency the net dipole peak power should have an overall accuracy of at least ± 15 %. 1450 
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