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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

— : san
i it/i rove

— an ISO Technical Specification (ISO/ agreement between the members of a technical
committee and is accepted for public
a vote.

ISO/TS 10974 wa
Active implants.
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Introduction

This Technical Specification came about following a joint meeting between ISO/TC 150, Implants for surgery,
and IEC/SC 62B/MT 40, Magnetic resonance equipment for medical diagnosis, in Vienna, Austria, in
September 2006. An agreement was reached to coordinate efforts on the development of a new Technical
Specification for the safety of patients with active implantable medical devices (AIMD) undergoing an MRI
exam and related further development of IEC 60601-2-33.

This Technical Specification represents a broad-based effort to capture the current understanding of relevant

incomplete understanding and coverage of relevant details. The JWG releds P ition,_to promote
developments in this area.

a_S¢ e time frame
allowed by the ISO/IEC Directives and seeks input from interested parties. \ e JWG anticipates

en the JWG and MT 40,

IEC 60601-2-33:2010 provides supporting information. By mu
i /MT 40 and will be released

any and all MR scanner-related requirements wiljte congidered by [E

Straight lines represent the relationship
g, i.e. the effects between patient and

Patient

\ Scanner \

Figure 1 — Diagram showing the responsibilities of product committees and illustrating the extent of
the scope of this Technical Specification in terms of the effects between AIMDs and MR scanners
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This Technical Specification is concerned with interactions on the AIMD caused by the scanner.
ISO/TC 150/SC 6 product committees are concerned with how those interactions affect patient safety.

This Technical Specification is general for all AIMD types, while ISO/TC 150/SC 6 product committees deal

with specific types. ISO/TC 150/SC 6 will turn the general provisions of this Technical Specification into
product-specific requirements, if necessary.

TS SC6

arid validation of clinical scanner-based test methods. Furthermore, the
test signals a & ifically described within this Technical Specification for bench-top testing (e.g.

or imply any burdener gbligation on the part of MR equipment manufacturers. Any statement to the contrary is
strictly unintentional.

The requirements contained within this Technical Specification are based on specific potential hazards that
have been identified as applicable to a general class of AIMDs (see Clause 7). Risks associated with these
specific hazards, and any additional hazards and risks that might occur for any specific AIMD type
(e.g. implantable neurostimulators), are outside the scope of this Technical Specification.

NOTE 1 Other interested parties, such as device manufacturers, regulatory agencies and particular product
committees, are responsible for setting specific compliance criteria and determining risk.

NOTE 2 The discussion of risk and, in some cases, test methods in some of the informative annexes (e.g. Annex S,
Annex T and Annex V) serves to provide additional information and a rationale that might assist readers in their
comprehension of this material. The information provided in these annexes is supplementary and subordinate to the
normative requirements in this Technical Specification.
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The International Organization for Standardization (ISO) and the International Electrotechnical Commission
(IEC) draw attention to the fact that it is claimed that compliance with this Technical Specification may involve
the use of a patent concerning gradient vibration given in Clause 12.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO and IEC that he or she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statement of the holder of this patent right is registered with ISO and IEC (a copy of the patent declaration
is shown in Annex A). Further information may be obtained from:

Medtronic, Inc.

Open Innovation and Intellectual Property
8200 Coral Sea St. NE, MVN43

Mounds View, MN 55112

USA

Attention is drawn to the possibility that some of the elements of this documeé
rights other than those identified above. ISO and IEC shall not be held resp

such patent rights.

ject of patent
g any or all
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TECHNICAL SPECIFICATION ISO/TS 10974:2012(E)

Assessment of the safety of magnetic resonance imaging for
patients with an active implantable medical device

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing this
document using a colour printer.

1 Scope

scanner. They can be used to demonstrate
tests are not intended to be used for the routi

device manufacturers, regulatory agencies, and particular product
iC compliance criteria and determining risk.

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

IEC 60601-2-33:2010, Medical electrical equipment — Part 2-33: Particular requirements for the basic safety
and essential performance of magnetic resonance equipment for medical diagnosis

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniques —
Radiated, radio-frequency, electromagnetic field immunity test

ANSI/AAMI PC69:2007, Active implantable medical devices — Electromagnetic compatibility — EMC test
protocols for implantable cardiac pacemakers and implantable cardioverter defibrillators

ASTM F2052, Standard Test Method for Measurement of Magnetically Induced Displacement Force on
Medical Devices in the Magnetic Resonance Environment
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ASTM F2213, Standard Test Method for Measurement of Magnetically Induced Torque on Medical Devices in
the Magnetic Resonance Environment

ASTM F2503-08, Standard Practice for Marking Medical Devices and Other Items for Safety in the Magnetic
Resonance Environment

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

31

AIMD

active implantable medical device
active medical device which is intended to be totally or partially introduced, surgj
human body or by medical intervention into a natural orifice, and which is i
procedure

[ISO 13485:2003, definition 3.1]

NOTE For the purposes of this Technical Specification, an AIMD is

3.2
AIMD configuration

where ¢ is time, and ¢, is the evaluation time, estimated at the RF transmit coil centre

[IEC 60601-2-33:2010, definition 201.3.201]

3.6
birdcage coil
radiator which generates the RF portion of the magnetic field

NOTE This usually refers to a bench-top coil used to simulate the operation of a scanner's volume RF transmit coil.
Documents
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3.7
compliance volume
patient-accessible space in which compliance of gradient output is inspected

NOTE 1 In MR equipment with a cylindrical whole body magnet, the compliance volume is a cylinder whose axis
coincides with the magnet axis, with a radius of 0,20 m and with a length equal to the gradient coil.

NOTE2  Adapted from IEC 60601-2-33, definition 201.3.202.

3.8

cylindrical bore scanner reference coordinate system
three dimensional Cartesian coordinate system in which the X axis lies in a horizontal plane, the Y axis in a
vertical plane, the Z axis is coaxial with the magnet bore, and the origin of the reference coordinate system is
located at isocentre

3.9

device
that part of an AIMD that houses a power source and electronic
voltage or current pulse

es a stimulation

NOTE The complete AIMD includes the device and a means for con

3.10
effective stimulus duration
ts,eff
duration of any period of the monotoni€
cardiac or peripheral nerve stimulation,
maximum value of the time derivative of the

[IEC 60601-2-33:2010, definitign 201.3.

3.11

unrectified voltagt@c d by fields
3.12

3.13
G
magnetic field gradient in units of T/m

NOTE 1 Gy introduces a spatial gradient along the X axis of the reference coordinate system, Gy introduces a gradient
along the Y axis, and G; introduces a gradient along the Z axis.

NOTE 2  Adapted from IEC 60601-2-33:2010, Table 201.101.

3.14

gradient output

parameter characterizing the gradient performance, such as rate of change of the magnitude of the magnetic
field, or E-field induced by one or more gradient units, under specified conditions and at a specified position

[IEC 60601-2-33:2010, definition 201.3.209]

Documents

Document Sharing3Hub
© 1SO 2012 — All rights reserved

Full document details: ISO TS 10974_2012


http://avadocuments2026.com/doc/iso-ts-10974-2012
http://avadocuments2026.com/doc/iso-ts-10974-2012

ISOITS 10974:2012(E)

3.15

gradient unit

all gradient coils and amplifiers that together generate a magnetic field gradient along one of the axes of the
coordinate system of the MR equipment

[IEC 60601-2-33:2010, definition 201.3.210]

3.16
harm
physical injury or damage to health or property

NOTE Adapted from ISO/IEC Guide 51:1999, definition 3.3.
3.17

hazard

potential source of harm

NOTE Adapted from ISO/IEC Guide 51:1999, definition 3.5.
3.18

implant volume
patient-accessible space

NOTE In MR equipment with a cylindrical whole body magne
with the magnet axis, with a radius of 0,25 m and with atangth equa

3.19
isocentre

NOTE 2  Typically, this correspo

3.20
label
area bearing a marking

3.21
lead
flexible tube enclosing one or
its length

ore insulated electrical conductors, intended to transfer electrical energy along

[ISO 14708-1:2000, definition 3.5]

3.22

MR equipment

magnetic resonance equipment

medical electrical equipment which is intended for in vivo magnetic resonance examination of a patient
comprising all parts in hardware and software from the supply mains to the display monitor

[IEC 60601-2-33:2010, definition 201.3.218]
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3.23

MR scanner

magnetic resonance scanner
See 3.22

NOTE The term “scanner” is used throughout this Technical Specification in lieu of “equipment”.

3.24
malfunction
device failure causing degradation of performance, loss of function, or unintentional responses

3.25
marking
inscription on a device, package or label

[ISO 14708-1:2000, definition 3.9]

3.26

maximum gradient slew rate

rate of change of the gradient obtained by switching the gradiep
strengths G.max and G-max in the shortest possible ramp time obtain

aximum specified gradient
al scan conditions

[IEC 60601-2-33:2010, definition 201.3.222]

3.27
medical device

3.28
MR Conditional
item that has bee
conditions of use

deronstrated to pose no known hazards in a specified MR environment with specified

NOTE 1 Field conditions that define the specified MR environment include field strength, spatial gradient, dB/dt (time
rate of change of the magnetic field), radio frequency (RF) fields, and specific absorption rate (SAR). Additional conditions,
including specific configurations of the item, may be required.

NOTE2  Adapted from ASTM F2503, definition 3.1.9.

3.29

normal operating mode

mode of operation of the MR equipment in which none of the outputs have a value that can cause
physiological stress to patients

[IEC 60601-2-33:2010, definition 201.3.224]
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3.30
rectification
voltage induced by fields external to the AIMD that is rectified by non-linear circuit elements within the AIMD

3.31
search coil
small diameter coil used in a compliance test to measure gradient output

[IEC 60601-2-33:2010, definition 201.3.230]

3.32

second level controlled operating mode
mode of operation of the MR equipment in which one or more outputs reach a value
significant risk for patients, for which explicit ethical approval is required (i.e. a h
approved to local requirements)

hat can produce
udies protocol

[IEC 60601-2-33:2010, definition 201.3.231]

3.33

SAR

specific absorption rate

radio frequency power absorbed per unit of mass (W/kg)
[IEC 60601-2-33:2010, definition 201.3.233]

3.34

time rate of change of the magnetic field

dB/dt

rate of change of the magnetic flux density with time (W%

[IEC 60601-2-33:2010, definition 20
3.35

transverse plane

x-y plane, normal to the a

3.36

volume RF transmit cqil

the body is considered to be a~olyme RF transmit coil (e.g. single-loop wrist coil).

NOTE 2  Adapted from IEC 60601-2-33:2010, definition 201.3.236.

3.37
whole body gradient system
gradient system suitable for use in whole body MR equipment

[IEC 60601-2-33:2010, definition 201.3.237]
3.38
whole body magnet

magnet suitable for use in whole body MR equipment

[IEC 60601-2-33:2010, definition 201.3.238]
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3.39

whole body MR equipment

whole body magnetic resonance equipment

MR equipment of sufficient size to allow whole body MR examination and partial body MR examination of
adult patients

NOTE 1 It can be equipped with volume RF transmit coils, local RF transmit coils and with a special purpose gradient
system.

NOTE 2  Adapted from IEC 60601-2-33:2010, definition 201.3.239.

3.40

whole body RF transmit coil

volume RF transmit coil of sufficient size for whole body examinations of adult pa
[IEC 60601-2-33, definition 201.3.240]

3.41

whole body SAR
SAR averaged over the total mass of the body and over a specifi

[IEC 60601-2-33:2010, definition 201.3.241]
4 Symbols and abbreviated te
TEM transverse electromaghe

RF radio frequency

SAR specific.absbyption rate
AT
AIMD
GTEM
MR

MRI iC resonance imaging

5 General requirements for non-implantable parts

Requirements for non-implantable parts of an AIMD are outside the scope of this Technical Specification.
They might be specified in a future edition.

6 Requirements for particular AIMDs

Requirements for particular AIMDs are not specified in this Technical Specification. They might be specified in
a future edition or in particular product standards.
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7 Protection of patients from potential hazards caused by interactions of the AIMD
and MR scanners

The requirements in this Technical Specification were derived from seven known or foreseeable potential
hazards to patients with an AIMD undergoing an MR scan. These general hazards give rise to specific test
requirements as shown in Table 1.

Table 1 — Potential patient hazards and corresponding test requirements

General hazards to the patient Test requirement Clause

Heat RF field-induced heating of the AIMD 10

Gradient field-induced device heating

Vibration Gradient field-induced vibration

Force Bo-induced force \ \\ \/ 13
Torque Bo-induced torque & \\ \ 14

/>>j

Extrinsic electric potential Gradient field-induced lead volt/e@ \ 16
Rectification RF field-induced rectified lead{voltdgd 17

Malfunction Bofield-inducyd‘d\evice Ifu%%n/ <\3 ‘\> 18
RF field- indu\qd\"\\qalfu\\ction\ ) 19

Gradient fleld- uced ma nctlon 20

& Device malfunction due to eddy current heating of | ter mp: eWovered in Clause 11. Device malfunction
due to vibration of internal componentz%:qe use

RF-induced heating of tis SUrro
current.

case of gradient-induced stimyltation or modification of output pulses due to superposition. The result involves
voltages not caused by a device malfunction.

Rectification of induced voltages can occur if the induced voltage is high enough to cause non-linear circuit
elements to conduct, for example, an input protection diode. Rectification might result in voltage pulses
occurring on the lead and at a distal electrode. The resulting rectified voltage is an unintended consequence
of physical interactions between the MR scanner and medical device and is not considered a device failure or
malfunction, per se.

Malfunction is meant to capture a wide range of performance issues, such as degradation of performance,
loss of function, unintentional responses, etc., due to device failure caused by, for example, the improper
operation of a circuit element or motor. Since malfunctions are highly device-specific, and unknown in a
general sense for all AIMD types, they remain undefined in this Technical Specification.

NOTE 1 Requirements regarding device-specific malfunctions might be specified in particular product standards.
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Evaluation of the AIMD for these hazards involves some combination of testing and modelling. Devices are
subjected to radiated fields or injected voltages in order to witness behavioural responses. Modelling may be
employed to determine appropriate test signal voltage levels or to estimate tissue heating, for example.

Device immunity to the By, RF and gradient fields may be evaluated separately. For devices containing
components affected by magnetic fields (e.g. saturable ferrite), a By (static) field shall be simultaneously
applied during testing unless it can be shown that the magnetic effects of these components will not affect
device performance.

In addition to the tests listed in Table 1, this Technical Specification contains recommendations for image
artifact evaluation (see Clause 15), combined field testing (see Clause 21) and requirements for markings and
accompanying documentation (see Clause 22).

8 Test signals

8.1 Gradient sequence of sequences
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6
Key
1 TSLEW (p-p rise/fall time in ms)
2 TDWELL
3 TOFF (time between bursts)
4  Bg (gradient field strength, p-p amplitude in mT)
5 Onecycle
6 Burst length (two cycles in this example)

Figure 3 — Gra

Parameter
Bg (MT) 1

5 10\
TSLEW (ms) 0,2 /014\\0\ 20NY | = [ = [ = [ = = < - —
Number of cycles <\< \K}O 20 | - — _ - _ _ _ _
(burst length)

A NN
TOFF (Ms) 0,2\ X\\s\\/}o

1
TDWELL (ms) 0,0 \0)5> 50 | 20 | - - - — Z Z _ _ _

20 | 50 | 10 | 20 | 50 | 100 | 200 | 500 | 1000 | 2 000

Exposure time per |15 s minimum or characteristic response time of the device, if greater than 15 s
sequence

NOTE 2  The parameter B as used in this Technical Specification, is not to be confused with the parameter G as used
in IEC 60601-2-33. Bg is used to denote the peak-to-peak amplitude (in mT) of the simulated test signal whereas G is used
to denote the amplitude (in mT/m) of the magnetic field gradient of the actual scanner. For example, along the Z axis of a

scanner, the field strength of Gz at a given spatial location is given by the distance from isocentre. This relationship was
used to determine the test values for Bgin Table 2.

NOTE 3  Itis understood that gradient amplifiers have a limited bandwidth and therefore gradient profiles are not strictly
trapezoidal or triangular, depending on the particular selection of parameters in Table 2. A 10 kHz gradient amplifier
bandwidth represents a lower (worst case) value (with respect to the gradient amplifier).
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Key

1 TEDGE (maximum 10 %

2 7APW (Pulse A — positive i
3 T1BPW (Pulse B tiv pulse
4 Equal to TDWELL

5 vamp (Pulse A afd

bigure 4 — Injected voltage test signal

able 3 — Range of injected voltage test signal parameters

Parameter Values
IVAMP (volts) See 20.2
TAPW/TBPW (MS) 0,1/0,2 0,2/0,4 0,5/1,0 1,0/2,0
TEDGE (MS) 1 (maximum)

8.2 RF sequence of sequences

The test signal used to simulate the RF field is shown in Figure 5. It is defined by three variable parameters:
B, peak amplitude at the isocentre, pulse width, and pulse period. One set of parameter values constitutes a
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single sequence (e.g. B1 = 1 uT, pulse width = 50 ps, and pulse period = 1 ms constitutes a single sequence).
Each sequence shall be run for a minimum of 15 s, or longer if necessary to observe device response time.

The complete sequence of sequences consists of all combinations of the three variable parameters. Table 4
lists the range of required parameter values. Typically, all combinations are required; however some
sequences may be omitted with appropriate rationale and documentation by the manufacturer. For
circumstances in which this is allowed, refer to the individual test clauses.

Parameter combinations for testing should be chosen taking into consideration those combinations that
represent acute conditions for the specific device being tested. For example, parameter combinations which
fall into known passbands should be selected for testing (see 8.2, Test 2). The selection of test parameter
combinations shall be justified and documented. The amplitude values shall be adjusted accordingly,
depending on the test method used (described in each test section). This test signal wave is used for both
radiated and injected methods.

NOTE The test signals and parameters described in 8.2 are intended for bench-top t€st
them on clinical scanners is not encouraged or recommended and might result in scanner

eqpt to use

Key

1 B4 (RF field strength,

2 pulse width

3 pulse period

4  pulse shape (squa

5 frequency

Figure 5 — RF test signal
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Parameter Values
B1 (uT) peak at the isocentre 1, 2,5, 10, 20, 30
Pulse width See Table 5
Pulse period See Table 5
Pulse shape Square
Frequency (MHz) 63,8+0,5
Polarisation Circular
Rise/fall time of pulse shape (ns) 500 (maximum) T~
Exposure time per sequence t1h5ars1’ 1nz_)lrjslmum or characteristic resp tlme 0 he device, if greater

Table 5 — Pulse width and pulse period matnx/of{@@gf segudences

Pulse Puls%vsu:(h\\ \
iod
perio 50us 100us 200us 500p }s\ \5 5ms 10ms
1ms test test test f\\/> / - - -
2ms test test ést (\\---% ( k—) ‘\,/ - - -
5ms test test te \@st\ \tgs_t/ --- -
10 ms test test st p \Qét\ test test - -
20 ms test /te\st té§t \test test test - -
50 ms test NasN test \)teﬁt\/ test test test test
100 ms test I \st\ Q\e@t \te/st test test test test
200 ms <é§§ tes{\/‘ \te\st test test test test test
500 ms tést/ /\ \Ae\st N tes> test test test test test
1s @éx \Qst >est test test test test test
Test 1: Test wulse width and pulse periods labelled "test" in Table 5 at the highest
amplitude fora minimum duration of 15s per exposure, in order to assess device
perform iour.\The AIMD manufacturer may reduce the above test combinations by providing

rationale.

Test2: Test at a m um of one device-dependent susceptible modulation scheme(s), considering both
pulse period and pulse width, using all amplitudes in the table, incrementally increasing the amplitude of the
test signal from zero to maximum, in order to assess “windowing” effects. Wait for a minimum of 15 s at each
amplitude step. If no device-dependent modulation schemes can be identified (e.g. a device that does not
sense), a rationale shall be provided for waiving this test.

EXAMPLE A pulse period of 50 ms and a pulse width of 2 ms would fall in the sensing passband of a cardiac
pacemaker, at which point it is expected to be the most susceptible.

Test 3: Test the maximum pulse width and the minimum pulse period labelled "test" in Table 5 at the

maximum amplitude given in Table 4 for an exposure time of 30 min, in order to assess device damage from
internal component heating. Consider performing this test before Test 1 and Test 2.
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9 General considerations for application of the requirements of this
Technical Specification

9.1 Compliance criteria

During each test, the device shall operate as intended according to its MR Conditional labelling (see 22.7 and
22.8).

After each test, the device shall operate as intended (including any special MR modes used only for scanning)
with no loss of function, have no degradation of performance, and conform to all device specifications. All
functionality (i.e. normal modes and MR modes) shall be checked after testing. Specific compliance criteria
and the determination of risk resulting from device behavioural response during these tests are outside the
scope of this Technical Specification (see 22.3).

subclause. See individual test clauses for any additional requirements.

System components description:
— name and location of test facility and date(s) of testing;

— device model number(s) and product description of the configuration tested (include all system
components, e.g. devices, leads;

— photograph or drawing of all system components;
— construction materials including magnetic (e.g. ferromagnetic) components;
— photograph or drawing of implant geometry showing key morphological features and dimensions;
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— electrical description of AIMD describing the input circuitry at the device (including EMI capacitors) and
the lead system.

Test methods:

— complete description of all tests performed;

— description and photographs or diagrams of each test set-up, including all test and measuring equipment,
configuration and placement of AIMD components, and phantom placement within coils or MR scanner
relative to isocentre;

— phantom dimensions and composition of tissue simulating material and electrical properties;

— simulators and auxiliary equipment, if any;

— AIMD settings and mode(s) of operation;
— justification for the injected and radiated exposure levels used, ikapplisable;

— evidence for the validation of test equipment and measuring~apparatus

— any other relevant Iy
enough informatie
results);

formation needed for interpretation and reproduction of the tests (it is important that
be provided so that an experienced investigator could reliably reproduce the test

— conclusions.

10 Protection from harm to the patient caused by RF-induced heating

10.1 General

Determining the rise in local tissue temperature due to interaction of an AIMD with the RF field of an MRI
scanner is a complicated process, and depends on AIMD design, MRI scanner technology (RF coil and pulse
sequence design), patient size, anatomy, position, AIMD location and tissue properties. Depending on the
specific conditions, variation of in vivo temperatures may span several orders of magnitude. For example, a
small compact device implanted in an anatomical region that receives minimal RF exposure may pose
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relatively little RF heating risk, whereas an elongated metallic device, such as a neurostimulator or pacemaker
lead, may present an elevated risk.

The following subclauses outline the first step in the assessment; namely the methods for determining a
conservative estimate of energy deposition, including the uncertainty, in a controlled in vitro test system. A
four-tier testing approach is described in order to accommodate the diversity of AIMD configurations and
specific applications. The second step assesses the maximum in vivo temperature rise using the assessed
energy deposition of the first step, as described in Annex F. This Technical Specification does not provide
tissue-specific thermogenic damage threshold values or guidance on how to determine application-specific
risk factors for the determined temperature rise, which would constitute the third and final step in a complete
assessment.

10.2 Outline of the four-tier approach

specified electric test field. Tiers 1 and 2 are only applicable if the AIMD does
filters (lumped elements) in the lead system of the AIMD such that the A

and phase) electric test field (
lower or higher field strengths

at lower field strength and seali
is predominantly embed
(HCM) (see 10.5). If the AIMD/

Step 4: In case
length of more than
versa.

Step 5: For electrode leads longer than 100 mm, the resonant length shall be determined by measuring the
energy deposition for lengths between 100 mm and the largest commercially available lead length. The
resonant length is the length that produces maximum energy deposition at the analysed electrode pole. The
worst-case energy deposition of any length measured in Step 3 shall be multiplied with the resonant length
weighting factor of Table 8 to account for the worst-case phase condition. Alternatively, the phase factors can
be determined for the investigated structure (see Annex K).

Step 6: A comprehensive uncertainty budget shall be determined in accordance with 10.8.

Step 7: The maximum energy deposition assessed in Step 1 to Step 6 is used to estimate the maximum in
vivo temperature rise using Annex F.
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Table 6 — Overall worst-case RMS FE-field values (10 g average)

Body part Maximum induced Normal mode First level mode
field "°’g‘1a"zed 1 (2Wikg whole- (4W/kg whole-
body SAR) body SAR)
ERMsmax, in vivo ERwvsmax, in vivo
Head 90 V/m/uT 420 V/m 420 V/m
Trunk 140 V/Im/uT 500 V/m 700 V/im
Extremities 170 VIm/uT 600 V/m 850 V/Im

NOTE 1 Evaluations are in accordance with 10.3 for all tissues and the entire population.

values for the trunk and extremities are normalized to whole body
2 W/kg for normal mode and 4 W/kg for first level mode. The)
values calculated from a large set of numerical S|mulat|ons
models with a mass ranging from 50 kg to 120 kg and g
1,78 min a large number of representative positions ine
(Annex J). The maximum E-field normalized to B4 i

were normalized to the whole body SAR maxi
of the body model in the coil where head afid
separately. The resulting fleld alues m ot
are subject to change when p ameterssand method§ become rmore narrowly defined.

Table 7 - Conservat/ve\nmd/en\gsgms for testing in accordance with Tier 1

Bodyfp\art maI mc%{ First level mode
HeadL \ 70T 70T

T>1k < < 7.0uT 7.0 0T
em\ne\ \/\ 7.0 uT 7.0 uT

O EN_ As he m Birwus is not limited by the SAR limits but by the
itations\of th commermal scanners, the Birus to be used for magnetic
I|n is set to 7 uT. For details and rationale, see Annex P.
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Table 8 — Worst-case phase weighting factors for a single conductive lead (not including helical
structures and structures with lumped elements)

Length as function of electrical resonant Worst-case phase weighting factor (Cphase)
length (I/liesonance)
0.2 1,0
0.4 10
0,6 10
0.8 1,0
1.0 1,0
12 1.1 (
1,4 1.2 < )
, 2 N O\
16 13 N\

18 (4 \\ >
& NN

2.2 \6\\ \

24 INEOR Y%

26 AN (s>

28 NN

3,0 2,0
NOTE increase at the lead tip under
worst-case phase conditions t0 t esqQnanse for insulgted straight leads of different lead
radii (0,4 mm to 1,2 mm), di m to 1,2 mm), and different insulation
permittivities (¢ = 1 to 10).\.ea and 500/mm and phase gradients from 0 rad/m to
40 rad/m were considered fo CM at 64MHz (see Annex K).
10.2.2 Tier 2
Step 1: Determine the incig S ' AIMD in accordance with 10.3 for any averaged 10 g tissue
for the anatomically relevan yant ions. Determine the uncertainty of the determined incident test field.
Step 2 to Step 7: Lo of Tier 1
10.2.3 Tier 3

Step 1: Determine the maximum incident field in accordance with 10.3 for the tangential E-field (magnitude
and phase) and the magnetic field averaged over any 20 mm of anatomically relevant elongated AIMD path
(this only applies for structures with a length-to-diameter ratio greater than 10) for the anatomically relevant
implant locations. Determine the uncertainty of the determined incident test field.

Step 2 to Step 4: Conduct Step 2 to Step 4 of Tier 1 for constant phase of the incident E-field.

Step 5: For electrode leads longer than 100 mm, the resonant length shall be determined by measuring the
energy deposition for lengths between 100 mm and the largest commercially available lead length. The
resonant length is determined as the length of maximum energy deposition at the tip. The worst-case energy
deposition of any length measured in Step 3 shall be multiplied with the worst-case phase multiplication factor,
determined as follows.

— Option 1: Use the worst-case phase multiplication factor as provided in Table 8.

— Option 2: Assess the enhancement factor experimentally.
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— Option 3: Develop a numerical electromagnetic model of the AIMD and validate this model in
accordance with 10.4. Numerically or experimentally determine the worst-case enhancement factor
compared to Step 2 to Step 5 of Tier 1 by varying a linear phase excitation at uniform magnitude over
the phase range determined in Step 1.

Step 6 and Step 7: Conduct Steps 6 and 7 of Tier 1.
10.2.4 Tier 4

Step 1: Develop and validate an electromagnetic model (full-wave or lumped element) of the AIMD that is
being evaluated. The AIMD model is validated by demonstrating the equivalence of the model and
experimental results with the methodology defined in 10.4.

parameters of 10.3.

Step 3: Determine the uncertainty budget of the evaluation. This will
patient population coverage uncertainty.

Step 4: Compute the maximum tissue temperature rise for ery
‘V 0 B
> llin
obal
o
N 4

ier Yes
uman elling

\ > ,
involume
N [N
y
Tier 3

\Y% Yes
> Human modelling

E along device path

tan max

<§ No
s\ y
Tier 4 Yes
» Human and device modelling

E.,, along device path

No
A 4 \ 4
[ Unsafe ] [Conditional safe]
NOTE Failure at an earlier stage leads to more complex methods in the following stages.

Figure 6 — Analysis flow diagram of the proposed tier approach
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10.3 Determination of the induced electric and magnetic fields

10.3.1 Electromagnetic simulation

Tiers 2 to 4 require electromagnetic simulation results using numerical human body models to identify the
electric and magnetic field magnitudes used in the in vitro phantom test procedure. This subclause provides a
general overview of the requirements for determining the distribution of the excitation or of the field induced in

the body that induces currents on the AIMD under test. From this distribution, the excitation will be derived for
experimental assessment of the maximum local power deposition caused by the AIMD.

10.3.2 Relevant parameters

The RF excitation of the AIMD is proportional to B, and strongly dependent on the followi atameters:
— RF frequency;

— body habitus or external anatomy;

— internal anatomy;

— location of the implant;
— transmitting RF coil design and polarization;
— position in the birdcage with respect to the iso

— body posture in the coil.

10.3.3 Assessment prociur
Electromagnetic simulatio Wi

conservative incident fields are

divide into subgroups with respect to anatomical properties such as

— Identify the patie
g 5 percentile of the patient population for each relevant property.

length, BMI, 2
s stributions as defined in the applied tier and determine the 95" percentile
incident field value foreacty subgroup in any of the clinically relevant postures and positions with respect
to the isocentre for the spécified relevant RF-transmitting coil designs.

— Determine the largest 95" percentile incident field of all subgroups and coil designs for use as the
incident field amplitude.

10.3.4 Uncertainty budget of incident field assessment

An uncertainty budget for the distribution of the excitation is required. All of the above parameters shall be
considered and shall include at least the following:

— transmitting RF coil design (including variations, e.g. polarization);

— inner and outer anatomy (BMI, size, tissue distribution, dielectric and thermal tissue parameters);
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— position and posture in the birdcage (position in the birdcage with respect to the isocentre, body posture
in the coil);

— AIMD paths in anatomy (geometrical distribution of AIMD location inside the body).
NOTE 1 These parameters can be evaluated separately if they are deemed to be sufficiently independent.
NOTE 2  The exact procedure depends on the tier that is applied.

NOTE 3  Table R.11 can be applied for the uncertainty assessment.

10.4 Validation of electromagnetic AIMD models

10.4.1 Validation procedure

the model prediction over the range of in
differences are larger than the uncertainty,
respect to performance.

Testing shall be performed using a known and measured electromagnetic field. Depending on the particular
approach used, the test field may be uniform (in magnitude and phase) or spatially varying. The objective of
the test system is to obtain the smallest uncertainty with respect to test results. Important test conditions are
constant E-field amplitude and phase of Table 9. These conditions can be obtained with various RF sources
(coil systems) and different phantoms. An example of a coil system that meets these requirements is given in

Annex J. Examples of phantoms are provided in Annex M.

The dielectric properties of acceptable phantom materials for averaged high and low conductivity tissue
parameters are defined in Table 10, for which an example of the recipe is provided in Annex L. If the energy
deposition is determined by temperature measurements, the thermal properties of material shall be assessed
with a precision of better than + 20 %, with viscosity larger than 0,1Pa-s.
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Table 9 — Minimal requirements for the incident field for 1,5T test setups

Larmor frequency 64 MHz £ 5 %

B1irms >2uT

Deviation from Uniform Etan-field over the entire AIMD path <+ 1dB (Phase < £ 20 degrees)
Drift of Etan-field during assessment <0,25 dB

Table 10 — Dielectric properties of the liquid and gel materials to be used in the phantom

By (T) Tissue simulating Relative permittivity, ct|V|ty,
medium 4
o <\(S/
15 High conductivity 78 \ \>
medium (HCM) N
1,5 Low conductivity 1?/\ \ \\G\QA‘:})

medium (LCM)

NOTE Maximal acceptable tolerance +20 %. (\\)/ A

10.6 Measurement system requirements

10.6.1 Probe specification

Table 11. Q

Table 11 - S of the probes of the measurement system

SAR probes Temperature probe
Frequency range < 64+/-5 MHz —
Dynamic rang< \ \ b &Q,‘I to>20 uT <0,01 to 100 W/kg <10to >40 °C
Deviation from lindarity \ |\ ™ <£0,2 43 <+0,2 dB <£0.2K
Noise (avg. <10 s) ) <01yT <0,01 Wikg <0.1K
Spherical isotropy <0,4 dB <0,4 dB —
directivity
Spatial resolution <5 mm <3 mm <1 mm
NOTE If probes of lower specifications are used, additional uncertainty analysis is required.

10.6.2 Validation and characterization of the measurement system

The test system, instrumentation and measurement procedures need to be validated using one of the generic
AIMD as described in Annex |. Specific protocols shall be developed and available, together with a
documented uncertainty budget to ensure that the same conditions with known uncertainty are obtained
during the tests as during the validation, e.g. the same position of the phantom with respect to B4, magnitude
of B4 field or magnitude of the induced E-field.
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10.7 Procedures and protocols for determination of the distribution and magnitude of the
absorbed energy in the tissue equivalent material by SAR and AT measurements

10.7.1 Determination of 3D relative distribution of local energy deposition

The local temperature rise inside the tissue is the result of the absorbed energy deposition. In the first
approximation, the distribution of the locally absorbed energy is a function of the local geometric properties of
the AIMD and the magnitude is a function of the capability of the AIMD to collect RF energy. In the first step
the relative energy distribution is determined. This can be based on numerical simulation of the local energy
deposition, the uncertainty of which is validated by experimental SAR or temperature measurements or by the
full 3D experimental SAR measurements. When this is established, the full assessment of AIMD performance
for each required configuration can be conducted by absolute measurements of one or only a few points. One
of the four following recommended procedures to determine the 3D distribution @ ergy depositions shall be
used.

NOTE Procedure 3 and procedure 4 result in larger uncertainties.
Procedure 1: Numerical assessment with thermal validation

— Step 1: conduct quasi-static or full-wave electromagnetic
resulting in the highest energy deposition for the experjaient

the AIMD local geometry

experimental medium.

— Step 4: conduct uncertainty assessment o%i[h al modelling, unermal-
— Step 5: based on the d 8[Mmine uitable points for validating the distribution, i.e. the

points resulting in thg

— Step 6: meas

— Step 7: conduct y

Umeasl-

Procedure 2: Numerical assessment with SAR validation

— Step 1: conduct quasi-static or full-wave EM modelling of the AIMD local geometry, resulting in the
highest energy deposition for the experimental medium.

— Step 2: conduct uncertainty assessment of the EM modelling, ugy.

— Step 3: based on the SAR distribution, determine of the most suitable points for validating the distribution,
i.e. the points resulting in the smallest uncertainty for validating the energy distribution.

— Step 4: measure SAR at the selected points to verify the distribution using the procedure defined in 10.7.2.
— Step 5: conduct uncertainty assessment of the SAR measurement, umeas.

— Step 6: perform pattern matching and determination of the matching uncertainty, upattern matching-
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— Step 7: if the deviation is less than the combined uncertainty, the model has been successfully validated
and the uncertainty is equal to the combined uncertainty.

Procedure 3: Full 3D SAR measurements

— Step 1: conduct the full 3D SAR evaluation and determine the 3D distribution by interpolation and
extrapolation.

— Step 2: determine the uncertainty of the 3D evaluation.
Procedure 4: Full 3D AT measurements

— Step 1: measure 3D AT using temperature probes following the protocol of 10.7.2.

— Step 2: determine the SAR distribution using the appropriate Green'’s functio

— Step 3: conduct uncertainty assessment of the energy deposition.

10.7.2 Measurement protocol for determination of maximum ampli
— Step 1: Preparation for the evaluation.

The systems for RF heating evaluation should fulfil the reguire
should have been conducted according to Annex k

NOTE 1 The induced E-fields can be mMeasured-with osiE-fie d prébes or temperature probes, and the direction
of the field can be determined by E-field prokeg or by corcelation p

Measurement or validatiom\of i
properties remain within

liquid measurements to ensure

NOTE 2  The dielectric p
dielectric parameters are™e

In the case of E-field coupling evaluations according to Tier 1, Tier 2 and Tier 3, the AIMD should be mounted
along a path of constant magnitude (£1 dB) and constant phase with known precision (10 degrees), as
described in Annex M.

In the case of experimental E-field coupling evaluations according to Tier 3, not using the worst-case phase
factor of Table 8, the AIMD should be mounted along a path of constant E-field magnitude (1 ¢B) and linear
in phase with known precision (+10 degrees).

In the case of Tier 3 and Tier 4 based on AIMD modelling, the AIMD should be mounted along paths providing
suitable conditions (magnitude and phase) with known precision for validating the numerical AIMD model, one
of which may correspond to a path of constant amplitude (1 ¢B) and constant phase.

For H-field coupling evaluations, the AIMD is moved to the central region of the phantom and oriented so that
there is minimal tangential E-field coupling. Loops or similar structures are oriented to produce maximal
coupling with the By field.
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Configuration for H-field coupling shall only be tested if the AIMD or any extension can form one or more loops
or nearly closed loops when implanted, i.e. two parts (e.g. leads) that are not electrically short-circuited (RF)
come close (within 20 mm) to each other. Otherwise testing for H-field coupling may be omitted.

— Step 3: AIMD configurations to be tested.

The AIMD configurations defined in Clause 3 and Annex R, and test conditions defined by the applied tiers
(see 10.2), shall be tested. For devices smaller than 100 mm, only the longest configuration needs to be
tested if the other configurations do not significantly change the electromagnetic properties of the device. For
configurations larger than 100 mm, all configurations that result in a geometrical change larger than 20 % or
by more than 50 mm, or that produce any significant change in the electromagnetic properties, shall be
evaluated. For AIMDs with extensions that can vary in length (e.g. leads) and which are longer than 50 mm,
successive reduction of the length by 50 mm until the total AIMD length (e.g. lege~plus device) is 100 mm or
less is required.

— Step 4: Scan of entire AIMD area for high energy deposition.

Determine the energy d

—(3 dB + u). u is theunce
depositions as g|

as of all configurations defined in Step 3 that are larger than
ents of the scan to determine the location of maximal energy

configurations antNocafions in Step 5 according to one of the procedures defined in 10.7.1. In general, the
accuracy of the probe-position shall be better than 0,25 mm for SAR assessment and better than 0,5 mm for
temperature evaluations.

— Step 8: Determination of the magnitude of local 3D distribution of the energy deposition.

The magnitude of the energy deposition is determined by one or more measurements in selected
configurations and locations for all areas selected in Step 5.

NOTE 3 For AT measurements, it is recommended that a reference probe at a location that provides equivalent or
consistent SAR distributions be monitored.

NOTE4  SAR can be determined with isotropic dosimetric probes or with temperature probes. For AT measurements, it
is recommended that a reference probe at a location that provides equivalent or consistent SAR distributions be monitored.

NOTE 5  SAR or AT are the induced SAR or induced temperature increases by the AIMD only beyond the background
SAR and AT.
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NOTE 6
SAR probe evaluations.

Precise probe positioning with respect to the surface is necessary for the uncertainty budget, in particular for

— Step 9: Evaluation of results to determine maximum 3-D energy deposition and uncertainty budget.

The results of the configurations and locations selected in Step 5 shall be evaluated with respect to the total
energy deposited whereby the values for the energy depositions of the E- and H-field coupling shall be added.
The uncertainty budgets shall be determined for each location. All values that are within £3 dB of the largest
values plus the uncertainty (k=2) shall be evaluated according to Annex F for maximum heating.

Figure 7 — Block dia
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Step 1: System preparation

A

Step 2: Mounting of AIMD and phantom
preparation for SAR evaluation

A 4

\ 4

Step 3: Prescan of entire AIMD area for high
energy deposition

No

-.

Step"&: Evalation &f SAR data’ Define
configurations.fok 3-D \ener: ostion
assessme
<\ /\\ % \
wSt 6: ting of AIMD and phantom
%ggar ion for SAR evaluation
\ N X \ 4
\St{?_37>0etermination of the magnitude and
\Qca -D distribution of the energy depostion

A 4

&

\\
No All configurations
Step 8 selected at Step 5
done?
Yes

Step 9: Evaluation of results to determine
maximum 3-D energy depostion and
uncertainty budget

Figure 8 — Block diagram of the steps for experimentally determining the maximum amplitude

10.8 Uncertainty assessment of energy deposition using SAR or temperature probes

The requirements of R.2 shall apply.
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10.9 Compliance criteria

Compliance shall be checked by examination of the manufacturer's records in accordance with the
requirements in 9.1.

10.10 Test report
The following test report information is required in addition to the requirements of 9.5.
a) Invivo justification of the in vitro incident field exposure level:

1) description of the test approach used (Tier);

2) summary of in vivo simulation results, if used;

3) uncertainty analysis of the incident field assessment.
b) Results of localized energy deposition assessment:

1) description of the incident test fields and medium;

2) description of the applied measurement technique for lo

3) uncertainty analysis of the maximum locakis

2) uncertainty analysis of theq

d) Evaluation of the patient ris

an MRI scan. Q

11 Protection from hé

11.1 General

and other conductive internal’surfaces including AIMD internal circuit traces. The induced currents are a
function of the electrical conductivity and dimensions of the surfaces. These currents have been shown to
induce heating of an implant in bench testing. The instantaneous power deposited by eddy currents on a
cylindrical disc is given by the follow equation:

4 2
P= aT;rR— d—Bcosﬂ
8 \ dt

where
P is instantaneous power deposited on a disc of radius R;
T is thickness;
o is conductivity;
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‘;—f is the time rate of change of the magnetic field incident at an angle of g to the normal to the disc.

When determining the average power deposited in the device and associated surrounding tissue, the mean
value of the square of dB/dt for the particular MRI sequence(s), as well as the integral of the exposure and
incident angle across all conducting material of the device, shall be considered. The heating will be greatest
for implants with a large surface area and high electrical conductivity (copper will heat more than titanium, for
example).

NOTE Device heating caused by gradient field induced eddy currents is proportional to the mean value of the square
of dB/dt (or more precisely, dB/ct).

11.2 Testing considerations

11.2.1 General

The intensity and vector orientation of the pulsed gradient magneti
Dewce heatlng will be maX|m|zed when the dewce is Iocated where

unusual dewce case de3|gn or substantlal power depo i pohents, for which maximum
i duced case heating shall be

dB/dt will be found near the inner wall of the bgresand™a
isocentre (0,3 m < |z| <04 annexs i
located closer to isocentre (| )

11.2.2 Determination o
11.2.2.1 Tier1 6
The AIMD shall be
8.1, gradient seque
TDWELL =0T

TOFF =0 ms

TSLEW = 0,2 ms

The Bg test value, which depends on the device location within the MRI bore, shall be the maximum shown in
20.3.2. The combination of maximum Bg test value and TSLEW = 0,2 ms triangle wave yields a 100 % slewing
duty cycle dB/dt which represents currently available MR scanner limits. Note that the mean square value of
the resulting dB/dt square wave function is theoretically equal to its peak value. Testing using this single
gradient pulse sequence is sufficient as it will produce maximum device heating. In order to use these test
signals and parameters, bench-top apparatus is required.

NOTE The test signals and parameters described in 8.1 are intended for bench-top testing only. To attempt to use
them on clinical scanners is not encouraged or recommended and might result in scanner damage.

11.2.2.2 Tier 2

Use of Tier 1 test conditions may not be clinically realistic. Consequently, the AIMD manufacturer may make a
determination of clinically relevant device maximum exposure conditions in terms of the mean square value of
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dB/dt and vector orientation of the field relative to the device. If the Tier 1 test conditions are not used, the
AIMD manufacturer shall provide a rationale for the dB/dt test conditions used to evaluate eddy current heating.
The rationale shall indicate the source of gradient field dB/dt information, and indicate the spatial basis (i.e.
single point, averaged over the area of a surface, or averaged over a volume) for the measurements or
computations. If averaging is used, the surface or volume shall be equivalent to or smaller than the device
under evaluation. Gradient field dB/dt information may come from measurement, from the MR equipment
manufacturer’s data sheet, or be obtained from and documented by the MR equipment manufacturer, etc.

NOTE Maximum (peak) gradient dB/dt data, at the surface of three cylinders of diameters 20 cm, 40 cm, and bore ID
minus 10 cm, provided by MR vendors (see IEC 60601-2-33:2010, 201.7.9.3.101) can be helpful in determining clinically
relevant test conditions for gradient-induced device heating.

If measurement is the method used to determine the clinical worst-case conditions, the 3-axis search coil and
methods described in IEC 60601-2-33 may be used. Other search coils or E-M measu ment probes may be
used so long as the spatial averaging inherent in the coil or probe is consistent wi
device. If the mean square value of dB/dt is taken directly from measurement, cape en that the
pulse sequence used produces the clinically relevant maximum mean square vald i

Alternatively, the maximum mean square dB/dt may be calculated based y/dt~and the clinically
relevant maximum slewing duty ratio.

11.2.3 Test duration

11.2.3.1 Test duration determination

e following methods.

If the AIMD MR Conditional labelling includes provisions that limit the duration of gradient field exposure,
temperature testing shall be conducted in accordance with those provisions.

11.2.4 Data collection

The AIMD heating test requires simultaneous measurement of device temperature and gradient dB/dt
exposure in a gelled solution, as defined in the test methods section.
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11.3 Test requirements

11.3.1 General

Evaluation of device heating involves exposing the AIMD device to the specified gradient field dB/dt (mean
square or RMS value and vector orientation) and measuring the resulting temperature rise. It may be
necessary to immerse the device in a gelled solution using a suitable phantom to simulate transfer of heat
away from the device provided by tissue when the device is implanted.

Use of a laboratory coil, amplifier and function generator that can simulate clinical gradient field exposure is
preferred. This type of equipment has the benefit of being able to easily generate arbitrary pulse sequences
that can be consistently reproduced. Because the volume of homogeneous field required for testing most
AIMDs will be considerably smaller than that required in a scanner; the size, cost; cogling and power required
by the laboratory equipment may also be considerably less. The use of this type
to Tier 1 and to Tier 2 (see 11.2.2).

NOTE This statement does not construe or imply any burde
manufacturers.

It may not be necessary to expose the device to '

su e limits of 11.2.2 during temperature

Position the instrurqen g radial centre of a phantom filled with gelled solution. Position and
orient the phd as required in either laboratory test equipment capable of producing a
simulated MR ical MR scanner.

For a device heatingtest, the phantom material is 9 g/l polyacrylic acid and 1,4 g/l saline.

NOTE This is the same material described in ASTM F2182, but a different mixture, and it may also be used for the
induced voltage tests.

11.3.4 Optical temperature probes

Place at least two fibre-optic temperature probes on the surface of the device case (see Reference [18] or
equivalent for more information). One probe should be near the centre of the largest surface of the device and
the other should be near the outer edge of the device or, alternatively, at the hot spot identified during the
initial temperature survey. Prior to applying any gradient sequences, record the initial temperature, Tp. Since
the device may have localized hot spots, the final location of temperature probes shall take this into account.
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11.3.5 Temperature survey to determine worst-case orientation and hot spots

Device heating will depend upon orientation of the device relative to the vector of the applied field. A survey
shall be conducted to determine the orientation that produces the largest heating. The heating shall be
measured with the device oriented in each of three orthogonal orientations relative to the applied gradient field
(testing in MR scanner) or simulated gradient field (lab testing). One orientation shall place the largest surface
of the case orthogonal to the applied field. Note that repeating testing with the device in each of the three
orientations described above is an acceptable alternative to conducting the orientation survey. Whether or not
the device orientation survey is helpful will depend upon the number of tests being conducted.

The device may have localized hot spots due to the case shape or heating contributed by power dissipated in
internal components. Prior to testing, the device should also be surveyed for hot spots due to gradient-induced
heating. The hot spot survey shall be conducted using the device orientation that produ
when the orientation survey was conducted.

11.3.6 Minimum temperature instrumentation

shall be used to measure device temperature, with at least one probe at the highest g’spot found in
the temperature survey. A minimum of two additional temperature grobe ) ad to measure the
temperature of the surrounding gelled electrolyte solution.

11.3.7 Temperature data collection

Temperature data shall be recorded at a rate suff

icientlyNai
<

. Orient the probe to be orthogonal to the vector of
M the device. Record the applied dB/dt waveform used

determination of mean values, N an squaré or RMS dB/dt is not directly recorded, the gradient field
exposure recording s 9 an be post-processed to calculate mean square or RMS dB/d:. A

The device temperature risesghall be measured in three orthogonal device orientations. One orientation shall
place the largest surface of the device orthogonal to the applied field vector. Alternatively, the result of the
orientation survey or other rationale may be used to justify using a single orientation (see 11.3.5).

11.3.10 Monitoring AIMD for heating and malfunction

Device performance and behaviour shall be monitored during testing for heating and for malfunction.
Compliance shall be checked by examination of the manufacturer's records in accordance with the
requirements in 9.1.

Documents

Document Sharing Hub
32 © 1SO 2012 — Al rights reserved

Full document details: ISO TS 10974_2012


http://avadocuments2026.com/doc/iso-ts-10974-2012
http://avadocuments2026.com/doc/iso-ts-10974-2012

ISO/TS 10974:2012(E)

11.4 Lab testing using simulated MRI gradient field

11.4.1 Simulated field requirements

Case heating in the bench-top test is measured using the procedure described in 11.3. The device is placed in
the gelled phantom with temperature probes attached and placed in a laboratory coil that applies the time-
varying magnetic field. The preferred method is to apply the required RMS dB/dt determined in accordance
with 11.2.2.

An alternative method is to test at a RMS dB/dt that is greater than or equal to 50 % of the RMS requirement
from 11.2.2 (25 % of the mean square dB/dt requirement). If testing is conducted in this way and the resulting
temperature rise is large enough to be measured accurately, then the result shall be scaled as described in
11.6 to find the temperature rise at the required RMS dB/dt exposure. If tempe rise measurements are
scaled in this manner, the effect of measurement errors shall be carefully consi

11.4.2 Pulse waveform RMS value

field excitation waveform is significantly different from
rather than a series of trapezoidal pulses) a demo
heating may be a function of spectral
currents.

used as a guideline when d
The gradient SOS may ‘
manufacturer shall provide a s atingthe gradient field RMS dB/dt used for testing to the expected
to perform the device heating test using all of the pulse

worst-case clinicg po : : )
sequences identified jr i i juerice of sequences.

11.5 MR scanne

Most of the d
scanner. lfa ¢ er is WSed, adequate fixturing will be needed to locate and orient the phantom and
device ufid
also important

The gradient output~dsed for this test shall be consistent with intended AIMD labelling, taking into
consideration variables between scanners and sequences. Pulse sequence characteristics and the magnitude
of dB/dt are both important parameters to be considered because device heating will be proportional to the
mean square (averaged over time) of gradient field dB/dt. An SOS is defined in 8.1. It may not be practical to
apply the Tier 1 gradient field exposure requirements defined in 11.2.2 when testing is conducted using a
clinical MR scanner.

The gradient SOS may be useful as a guide when selecting clinically relevant sequences used to test and
evaluate AIMD device heating using Tier 2 test conditions in accordance with 11.2.2 of this Technical
Specification. The AIMD manufacturer shall provide a rationale relating the gradient field mean square or RMS
dB/dt used for testing to the expected worst-case clinical exposure.

As a minimum, gradient heating should be tested and evaluated using gradient intense compatibility protocol
information provided by MR equipment manufacturers (see IEC 60601-2-33:2010, 201.7.9.3.101).
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NOTE 1 The test signals and parameters described in 8.1 are intended for bench-top testing only. To attempt to use
them on clinical scanners is not encouraged or recommended and might result in scanner damage.

NOTE 2  Generation of worst-case mean square dB/dt may require that the MR scanner is operated in its research
mode. This mode of operation requires specialized knowledge that might not be readily available. This statement does not
construe or imply any burden or obligation on the part of MR equipment manufacturers.

11.6 Analysis of gradient heating test

From the recorded dB/dt waveform taken from the search coil, determine the mean square value of dB/dt
orthogonal to the plane of the search coil (and AIMD surface).

2
dB/dt(MS) =% L:[%J dt

t

where

T is a suitable averaging time for the dB/dt pulse sequence;

dB/dt (MS) is the mean (averaged over time) of dB/dt squared
The heating constant yg.q is defined as
dB
AT = —(MS
Vgrad d ( )
e

NOTE 1 Ygrad CaN be used to predict the heating for any p
In general, in vivo heating will diffeKfromns Qs is tegting and will depend on factors such as the

implant location and the type(s)\of with the JXIMD and surrounding the implant site, blood
perfusion, etc. Analysis that take i into ascodnt will be needed to evaluate the results of this

testing.
The maximum tissue temp;r

11.8 Test report

The following test report information is required in addition to the requirements of 9.5.

a) Plots of data from the test, including recording of the maximum temperature rise after the steady state is
reached.

b) Record of gradient waveforms from the search coils.

c) If MRI scanner-based testing is employed, a detailed description of each pulse sequence used in the
testing. This will include the following description of the scan sequence and the parameters affecting the
gradient pulse sequence and test conditions:
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— type of pulse sequences(s) used in the testing (e.g. spin echo, fast spin echo, turbo spin echo,
gradient echo, echo planar);

— slice thickness, resolution in the phase and frequency axis;

— slice orientation;

— gradient amplitude (units of mT/m) for each axis (G, G,, and G,);

— a theoretical or empirical rationale justifying the location and orientation of the device during testing.

d) Any analysis needed to interpret the measurement results, such as scaling temperature rise

measurements.

12 Protection from harm to the patient caused by gradieR ion

12.1 General

Vibratory forces are caused by interaction between the gra ent magnetic moments of
the AIMD and the MR scanner static magnetic field (Bo). e generated if the eddy current
magnetic moment and static magnetic field are misaligned. Th gt the forces are proportional to
the vector product of gradient field dB/dt and B, field. bration forces are different from those
the AIMD is subjected to during the handling and testing to which they are typically

— the power spectral density lsyel and\req df the accelerations associated with gradient-induced
{ ose encountered in traditional shipping and handling
tests;

— the forces ar@ UROA a deviceNmplanted in a patient.

c) injury to tisste surrounding the implant (12.5).

Because of the unique nature of the forces produced by the interaction of MR gradient field-induced eddy
currents and the MR static field, some amount of testing will need to be conducted in a suitable MR scanner or
in a laboratory using test equipment capable of generating magnetic fields that simulate those produced by
clinical scanners.

The gradient-induced eddy currents developing within the AIMD conductive enclosure and internal component
surfaces depend on the magnitude and orientation of the pulsed gradient dB/dt, size, and shape of the
conductive materials, and conductivity. The induced eddy current and associated AIMD magnetic moment are
maximized when the incident dB/dt is perpendicular to AIMD conductive surface(s).

The force and torque exerted on the AIMD are proportional to the cross product of the transient AIMD-induced
magnetic moment and the B, field and, therefore, maximized when the AIMD conductive surface(s) are
oriented tangent to the B, field vector. The torque axis is defined by the cross-product right hand rule
convention. Figure 9 illustrates the situation for a simple conductive disk.
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‘L ">~ __ Gradient field

Static field
R
=dV)
Figure 9 — Torque due to gradient-induced eddy current an atic B, field

I, dB, .
|T0rque| = 3 otR" B, = sin(a) cos(f)

where
R is the radius (m);

7 is the thickness (m);

o is the conductivity (S/mj)
B is the angle bet

a is the angle betwee

AIMD will be exposed to during clinical MR exams so long as the
al to the requirement. For example, an AIMD with conditional labelling
3 could be tested using a 3,0 T scanner to show a design margin of

limiting MR use to0
approximately 2:1.

When using a higher B, field, the potential for increased AIMD damping should be considered. The effect
increases with increased device vibration displacement and when the plane of the device becomes more
perpendicular to the plane of By.

12.2 General test considerations

12.2.1 Equipment

There are four general equipment types and test methods [see a), b), ¢) and d)] applicable to the testing
required to evaluate the three potential harms associated with AIMD vibration.

Gradient vibration testing can be performed using a variety of test equipment. The test method will depend on
the type of equipment used. Use of a suitable research MR scanner, or simulated static and gradient fields
produced by laboratory equipment, that allows the gradient waveform to be input from a function generator will
provide the greatest flexibility and ease of use for vibration testing. Alternatively, once properly characterized
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and validated, the use of a shaker table may offer a number of advantages for gradient vibration AIMD
functional testing. Shaker table testing is not useful for testing related to patient discomfort or tissue injury.

a) Research MR scanner.

The research MR scanner as defined here does not refer to a clinical scanner operated in research or second
level controlled operating mode. In this Technical Specification, a research MR scanner refers to non-clinical
MR equipment used for research purposes. Conducting vibration testing using research MR scanner
equipment that produces a combination of gradient and static magnetic fields can offer advantages. Using
static field strengths and/or a gradient field dB/dt greater than the maximum allowed by AIMD labelling can
provide a gradient field dB/dt and By vector product greater than or equal to the maximum clinically relevant
exposure. Research MR scanner equipment may also offer greater flexibility in tailoring gradient pulse
sequences for the specific purpose of vibration testing.

NOTE 1 This statement does not construe or imply any burden or obligatjo
manufacturers.

b) Simulated B, and gradient magnetic fields.

v hen a clinical MR scanner is used, the vector
product of gradient field dB/dt and By that{the AIMD is\ex d to shall be greater than or equal to the worst-
case exposure allowed by the”AIMD M iIabe instructions.

NOTE 2 This statemenf\doe
manufacturers.

d) Shaker tableQ

The equipment types and applicability are provided in Table 12 and Table 13.
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Table 10 — Description of gradient vibration test equipment types

Test equipment type

Test equipment key characteristics

Vector product of By and gradient field dB/dt are in excess of expected maximum

a) Research scanner

clinical exposure.

programming suitable pulse sequence.

— Gradient waveform can be input from function generator or software sequence

b) Simulated
gradient field

and clinical exposure.

— Gradient waveform can be input from function generator. (\

— Vector product of By and gradient field dB/dt are in excess of expected maximum

c) Clinical scanner

expected maximum clinical exposure.

— If a shaker table is to be used to simulat
scanner shall be used with an instrumented

d) Shaker table

— Force applied to case only. It do
conductive components.

a

— Regquires developme d validatien &f vibration profile(s) that are greater than
equal t orst-ca ofile fr a clinical MR scanner.

Table 13 — Compakis

\f\glat@ﬁe\sWtiveness by test equipment type

Evaluation

Q K & \ Equipment type

c) Clinical scanner

esearch Simdlated By and
canne radient field

d) Shaker table

Patient discomfort A&%ﬁ\v Acceptable Superior N/A
Tissue injury %W Acceptable Acceptable N/A
AIMD function erio Superior Acceptable Acceptable®

Acceptable, provided that the shaker table can produce the necessary accelerations at frequencies in the kHz
range and it has been shown that the shaker table spectral profile produces AIMD internal accelerations greater than
or equal to those produced in vivo during clinical scanning.

Testing shall preferably be conducted by exposing the AIMD to magnetic fields equivalent to both the MR
static magnetic field (By) and the slewing MR gradient magnetic field (dB/dt). The most practical means of
generating these fields may be to use an MR scanner for gradient vibration testing.

NOTE 3

Gradient-induced eddy currents can only develop in conductive parts. Therefore gradient-induced vibratory

forces will be applied selectively to conductive AIMD parts. The frequency and amplitude of induced vibrations are affected
by the gradient field and its orientation and also by the mechanical characteristics of the conductive parts themselves
(including their vibratory modes and resonant frequencies). This can result in stresses being applied in different locations
and with different magnitudes than might be achieved with typical means of vibration testing, e.g. a linear shaker table. For
example, consider an AIMD with a non-conductive housing containing a circuit board to which a highly conductive but low
mass shield enclosure is attached at a few points. Gradient eddy current-induced mechanical forces on the circuit board
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may be greater than forces resulting from accelerating from the AIMD housing on a shaker table. Such forces could tend
to be concentrated at the points of attachment.

If a shaker table is used to test AIMD operation during exposure to MR gradient vibration, the AIMD
manufacturer shall demonstrate that the accelerations of affected components and their interconnections are
equal to or greater than those experienced when the AIMD is used in an MR scanner in accordance with the
AIMD MR Conditional labelling restrictions. This will require measurements in a scanner or the use of
simulated By, and gradient fields to determine a vibration profile for use in development of testing using a
shaker table.

If testing is conducted in a scanner or using simulated fields in a laboratory, the AIMD shall be tested at a
point in space where dB/dt is perpendicular or nearly perpendicular to B, and where both dB/dt and By are
known. The vector product of dB/dt and By used to conduct the test shall be consistent with MR Conditional
labelling. The AIMD shall be tested with the normal to its greatest conductive ¢ section parallel to dB/dt,

requirements are applicable for gradient field-induced AIMD vi
worst- -case condition of maximum vector product of dB/dt and

both important parameters to be conS|dered As a
, aluated using gradient intense compatibility protocol
information provided b YU anufa turers (see IEC 60601-2-33, 201. 7 9.3.101) or equwalent
gradient intense p

Technical Specificatid

at least equal to thexgdximum vector product the AIMD will be exposed to during clinical MR examinations
when the MR Conditional labelling conditions of use are observed. Gradient field dB/dr magnitude shall be
determined in accordance with 12.2.2. An additional safety factor of 100 % (test exposure vector product of
static field and gradient field dB/dt (Bo x dB/dt) = 2x maximum clinical exposure) is recommended. The gradient
field pulse sequences shall be equivalent to the protocols specified in 12.2.3.

12.3.1.2 The AIMD shall be tested with the gradient field dB/dt vector orthogonal to the plane of the AIMD’s
greatest conductive surface, and again with the normal aligned along each of the two other mutually
perpendicular axes (see Figure 10).

12.3.1.3 The AIMD shall be exposed to gradient field dB/dt and By for a minimum of 1 h for each of the
three AIMD orientations.

12.3.1.4 A single axis search coil or equivalent sensor shall be used to monitor and record the component
of gradient field dB/dt orthogonal to the plane of the AIMD’s greatest conductive surface. The distance
between the search coil or other sensor shall be no greater than one centimetre. The recorded waveform shall
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have a sampling rate sufficient to capture the details of the dB/dt waveform and prevent aliasing of the signal.
The recorded waveform shall have sufficient length to fully characterize the pulse sequence.

12.3.1.5 Device performance and behaviour shall be monitored during the test. Compliance shall be
checked by examination of the manufacturer’s records in accordance with the requirements in 9.1.

12.3.2 Conducting functional testing using a research scanner

The requirements specified in 12.3.1 apply.

12.3.3 Conducting functional testing using simulated fields

The requirements specified in 12.3.1 apply.

12.3.4 Conducting functional testing using a clinical scanner

The requirements specified in 12.3.1 apply.

— Conducting the test using the clinical worst-case dB/dt 3
example |f the MR Conditional Iabelllng restricts MR sc i

— Testing using an AIMD ori
dB/dt and B, (and consequ
when dB/dt is ortho

I

relevant for some A

The process for dev
other V|brat|on teeg

6f simulating vibration caused by MR gradient and static magnetic
ing steps should be taken.

a) Use an instrumentec D to measure a relative velocity between the components, a relative
acceleration between e components, a relative displacement between the components and
accelerations at the AIMD case surface.

b) Measure the magnitude of the MR vibration response of the AIMD to dB/dt at various frequencies. These
measurements shall be made using one of the equipment types a) through c) defined in 12.2.1. It is not
necessary to use the worst-case vector product of gradient field dB/dt and static field By as the test
environment. The vibration response can be measured during exposure to a different (i.e. less than the
clinical worst case) vector product of gradient field dB/dt and static field B,. The measurement results can
then be scaled to the required gradient dB/dt and B, vector product greater than or equal to clinically
relevant exposure.

c) Use the measured MR vibration response from item b) above to develop equipment, vibration profile(s),
and methods for mechanically producing a vibration response that is greater than or equal to the
measured MR vibration response at all measurement points. The same instrumentation listed in item a)
above shall be used to measure the AIMD vibration response on the shaker table or other vibration test
equipment.
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