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II. MR Testing

The main issues affecting the safety and compatibility of passive implants in the MR
environment concern magnetically induced displacement force and torque, radio frequency
(RF) heating, and image artifacts. The static magnetic field of the MR system induces
displacement forces and torques on magnetic materials. Patients have been killed by the
projectile effect on devices and by the rotations produced by magnetically induced force and
torque. ' RF heating in the body is created by currents induced by the RF excitation pulses
applied during MR scanning. Patients have been severely burned during an MR scan.? The
presence of an implant may produce an image artifact that may appear as a void region or as
a geometric distortion of the true image. If the image artifact is near the area of interest, the
artifact may make the MR scan uninformative or may lead to an inaccurate clinical diagnosis,
potentially resulting in inappropriate medical action.

We recommend that you provide the non-clinical testing (see Section III.C) and appropriate
MR safety labeling (see Section IV) described below in your PMA, IDE, or 510(k) to
establish the safety and compatibility of your passive implant in the MR environment.
Testing should encompass the range of sizes of the device you intend to market. If you do not
test all sizes of the device you intend to market, we recommend you test a size or combination
of sizes that represent the worst-case scenario for each test.

We recommend you explain the rationale for determining why the size(s) you selected
represent the worst-case scenario for each test. Please note that the worst-case for
magnetically induced force and torque may not be the worst-case for RF heating.

We suggest you present data in a clear tabular or graphical form. We also recommend
you describe all testing protocols. Each protocol description should include:

test objective

equipment used

acceptance criteria

rationale for test conditions

rationale for the acceptance criteria

number of devices tested

description of devices tested, including device size

description of any differences between test sample and final product, and
justification for why differences would not impact the applicability of the test to
the final product

e results (summarized and raw form).

® o o e o

!'Woods, T.0. “MRI Safety” in Wiley Encyclopedia of Biomedical Engineering (Metin Akay, ed.) Hoboken:
John Wiley & Sons, Inc., 2006, pp. 2360-2371.
? Tbid.
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III. MR Safety Terminology

Terminology for defining the safety of items in the MR environment is provided in ASTM
F2503-13, “Standard Practice for Marking Medical Devices and Other Items for Safety in the
Magnetic Resonance Environment.” We recommend using the terminology MR Safe, MR
Conditional, and MR Unsafe, defined in ASTM F2503-13. If you label your device as “MR
Safe,” your submission should include a scientific rationale or the testing described below. If
you label your device as “MR Conditional,” your submission should include the testing
described below. If you label your device as “MR Unsafe,” your submission should include a
scientific rationale or the testing described below.

A. MR Safe based on scientific rationale

A scientifically based rationale, rather than test data, may be sufficient to support
identifying an implant as “MR Safe,” for example, an electrically nonconductive or a
nonmagnetic item, such as a small polymer screw, poses no known hazards in all MR
environments.

If you intend to use a scientific rationale to support identifying your device as “MR Safe,”
we recommend that you provide a scientific rationale that addresses the following issues:

¢  magnetically induced displacement force
¢  magnetically induced torque
¢  RF-induced heating of tissue around your device.

B. MR Unsafe based on scientific rationale

A scientifically based rationale rather than test data may be sufficient to support identifying
an item as “MR Unsafe.”

If you intend to use a scientific rationale to support identifying your device as “MR
Unsafe,” we recommend that you provide a scientific rationale to address:

¢  magnetically induced displacement force
e  magnetically induced torque
e  RF-induced heating of tissue around your device.
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C. MR Conditional, MR Safe, or MR Unsafe based on
experimental data

If you identify your device as “MR Conditional,” we recommend you provide
experimental data as described below. You may also choose to provide experimental data
to support identifying your device as “MR Safe” or “MR Unsafe.” In each case, we
recommend you follow the non-clinical testing methods described in the standards below
or equivalent methods.

¢  Magnetically Induced Displacement Force
ASTM F2052-14, Standard Test Method for Measurement of Magnetically
Induced Displacement Force on Medical Devices in the Magnetic Resonance
Environment

o

Magnetically Induced Torque
ASTM F2213-06 (Reapproved 2011), Standard Test Method for Measurement of
Magnetically Induced Torque on Medical Devices in the Magnetic Resonance
Environment

Heating by RF Fields
ASTM F2182-11a, Standard Test Method for Measurement of Radio Frequency
Induced Heating Near Passive Implants During Magnetic Resonance Imaging

o Image Artifact
ASTM F2119-07 (Reapproved 2013), Standard Test Method for Evaluation of
MR Image Artifacts from Passive Implants

Although commercial 1.5T MR systems are currently the most common, 3T MR systems
are becoming more common. A medical device that is MR Conditional in a 1.5T scanner
may not be safe to scan in an MR system with a higher or lower field strength. The
amount of RF heating depends on the geometry of the device (e.g., the conductive length)
as well as the characteristics of the MR system and the selected scan conditions. To
achieve worst-case heating conditions in the phantom, you should place the implant in
the phantom at the area of worst case local specific absorption rate (SAR). This local
SAR should be quantified and compared to the maximum local SAR that can be achieved
in a patient undergoing an MRI scan. You should report the field conditions under which
your device was tested. Anatomical positioning of the implant in the phantom does not
reliably predict RF-induced heating in the patient.

Accurate assessment of the whole body averaged specific absorption rate (WB-SAR) used in
your testing is critical to determining whether your testing represents reasonable worst-case
heating conditions. Therefore, we recommend that you base WB-SAR assessments upon
calorimetry measurements rather than relying on the MR scanner display, which may not
have adequate accuracy.
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Note that the current recognized versions of standards referenced in this guidance can be
found in the CDRH Recognized Consensus Standards database”.

IV. Labeling for the MR Environment

We recommend you consider using the MR terminology in ASTM F2503-13, Standard
Practice for Marking Medical Devices and Other Items for Safety in the Magnetic
Resonance Environment. See Section II. MR Testing for information describing the
process to determine the appropriate MR safety terminology for your device. Your device
labeling should include MR safety labeling using one of the following four options:

A. MR Safe

The following statement may be used in your labeling for an MR Safe device:

The <device name> is MR Safe.

B. MR Unsafe

The following statement may be used in your labeling for an MR Unsafe device:

The <device name> is MR Unsafe.

C. MR Conditional

Labeling for MR Conditional devices should be included in a section headed “MRI Safety
Information” that is included in the table of contents. The labeling should indicate the device
was tested under non-clinical conditions and list the conditions under which the device can be
safely scanned, for example:

MRI Safety Information

Non-clinical testing has demonstrated the <device name> is MR Conditional. A patient
with this device can be safely scanned in an MR system meeting the following conditions:

e  Static magnetic field of <specific field strength(s)> T

3 http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfim
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¢ Maximum spatial field gradient of <maximum for which device is safe> gauss/cm
(<maximum for which device is safe>T/m)

e Maximum MR system reported, whole body averaged specific absorption rate (SAR)
of <2 W/kg (Normal Operating Mode)> or <4 W/kg (First Level Controlled Operating
Mode)>

*  <dny additional instructions or information essential to safe use in the MR
environment that can be described briefly. Additional instructions may include
positional requirements (e.g. device must remain outside the scanner bore) or
restrictions on coil type (e.g. head transmit/receive coil only; quadrature body coil
only). If this information can be kept brief, place here. For more complicated
instructions or information, list the additional conditions below the image artifact
information as shown in the examples indicated by * below.>

Under the scan conditions defined above, the <device name> is expected to produce a
maximum temperature rise of less than <specific value>°C after 15 minutes of continuous
scanning.

In non-clinical testing, the image artifact caused by the device extends approximately
<specific value> mm from the <device name> when imaged with a <gradient echo or
spin echo> pulse sequence and a <specific field strength)> T MRI system.

Additional instructions or information essential to safe use in the MR environment that
require more than a few words to describe should be placed here.

*For example: Provide a paragraph giving any positional requirements.

*For example: Provide a paragraph giving any restrictions on coil type.

Example for a device called “star implant”

MRI Safety Information

Non-clinical testing has demonstrated the star implant is MR Conditional. A patient with
this device can be safely scanned in an MR system meeting the following conditions:

e  Static magnetic field of 1.5 Tand 3.0 T
¢  Maximum spatial field gradient of 3,000 gauss/cm (30 T/m)

¢ Maximum MR system reported, whole body averaged specific absorption rate (SAR)
of 4 W/kg (First Level Controlled Operating Mode)

Under the scan conditions defined above, the star implant is expected to produce a
maximum temperature rise of less than 2° C after 15 minutes of continuous scanning.
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In non-clinical testing, the image artifact caused by the device extends approximately 2
mm from the star implant when imaged with a gradient echo pulse sequence and a 3.0 T
MRI system.

D. Safety in MRI Not Evaluated

For devices that have historically not provided any information about MRI safety, the
following labeling may be used in certain circumstances. If used, this information should be
included in a section headed “MRI Safety Information” that is included in the table of
contents. We recommend you provide a rationale as to why this labeling is appropriate for
your device.

The <device name> has not been evaluated for safety and compatibility in the MR
environment. It has not been tested for heating, migration, or image artifact in
the MR environment. The safety of <device name> in the MR environment is
unknown. Scanning a patient who has this device may result in patient injury.

The above labeling option is NOT appropriate if:

e there are any known adverse effects or adverse events due to exposure to the MR
environment for the device or device type, or

o the device or device type has typically been labeled as MR Conditional or MR
Unsafe (for example, including but not limited to cardiovascular stents,
intracranial aneurysm clips, endovascular grafts, and transprostatic tissue
retractors), or

e this is a new device type, or

o the device contains ferromagnetic materials.

If you are uncertain whether your device can be labeled “Safety in MRI Not Evaluated”, we
recommend that you submit a pre-submission to obtain feedback prior to submission of a
regulatory submission.
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Highlights

+  Medical devices intended to be used in or near the MR environment should be marked with the
standard terms and icons as MR Safe, MR Conditional, or MR Unsafe.

* MR safety requirements for medical devices can be categorized by intended location in the MR
environment, electrical activity, and implant status.

+ Standards and guidance exist to address many MR compatibility issues, however work continues
to refine existing test methods and to develop additional test methods, in particular for electrically
active medical devices.

+  The determination of safety for electrically active devices, particularly for active implantable
medical devices (AIMDs) that are intended to be safe within the bore of an MR scanner, is
substantially more difficult than for a passive device.

Introduction

This syllabus outlines standards & guidelines used in the United States for determining the safety
of medical devices in the MR environment. The U.S. Food and Drug Administration (FDA) asks
manufacturers to use a risk based approach to address potential hazards caused by the interaction of
medical devices within the electric and magnetic fields produced by the MR scanner. The FDA publishes
guidance documents and recognizes standards that may be used to determine the safety of specific
medical devices in the MR environment.

Standards for Medical Devices in the MR Environment

As the use of Magnetic Resonance Imaging (MRI) spread rapidly in the 1990s, the FDA Center
for Devices and Radiological Health (CDRH) recognized the need to address the safety of implants and
other medical devices in the MR environment. In 1997, recognizing the critical need for standard
methods, CDRH requested that ASTM (American Society for Testing and Materials, now ASTM
International) develop test methods to address safety and effectiveness issues for medical devices in the
MR environment. That request led to the formation of an ASTM task group which to date has published
five standards addressing testing and marking medical devices and other items for use in the MR
environment: ASTM F2052 on magnetically induced displacement force, F2119 on evaluation of MR
image artifacts, F2182 on measurement of radio frequency induced heating, F2213 on measurement of
magnetically induced torque, and F2503 on marking devices to indicate their safety in the MR
environment [1-5].

The ISO standard giving general requirements for passive implants, ISO 14630, requires
manufacturers to label passive implants for safety in the MR environment. In 2007, an ISO (International
Standards Organization) — IEC (International Electrotechnical Commission) joint working group (JWQG)
began work on a technical specification on the assessment of the safety of magnetic resonance imaging
for patients with an active implantable medical device (AIMD). The first edition was published in May,
2012 as ISO TS 10974 [6], and work continues on the second edition. Using ISO TS 10974 as a
foundation, work is also ongoing to define more specific requirements and test protocols for evaluating
the safety of patients with implantable neurostimulators (IEC 14708-3), pacemakers and implantable
cardioverter defibrillators (Association for the Advancement of Medical Instrumentation (AAMI) PC 76),
and cochlear implants (AAMI CI86). In 2008, CDRH issued the Guidance for Industry and FDA Staff on



Establishing Safety and Compatibility of Passive Implants in the Magnetic Resonance (MR) Environment
[7]. These standards and guidance provide a foundation for FDA’s current guidelines on determining the
safety of medical devices in the MR environment. It is acceptable for a sponsor to use an alternative
approach if the approach satisfies the requirements of the applicable FDA statutes and regulations.

Terminology

Medical devices should be marked to indicate their safety in the MR environment using the
terminology and icons defined in ASTM F2503 as outlined below.

MR . :

MR Safe E — an item that poses no known hazards resulting from exposure to any
MR environment. MR Safe items are composed of materials that are electrically
nonconductive, nonmetallic, and nonmagnetic.

MR Conditional A — an item with demonstrated safety in the MR environment
within defined conditions. At a minimum, address the conditions of the static magnetic
field, the switched gradient magnetic field and the radiofrequency fields. Additional
conditions, including specific configurations of the item, may be required.

MR Unsafe — an item which poses unacceptable risks to the patient, medical staff
or other persons within the MR environment.

ISO 14971 Medical devices—Application of risk management to medical devices [8] includes a
process for evaluating risks, including identifying unacceptable risks. An item composed entirely of
electrically nonconductive, nonmetallic and nonmagnetic materials may be determined to be MR Safe by
providing a scientifically based rationale rather than test data. For MR Conditional items, the item
labeling includes results of testing sufficient to characterize the behavior of the item in the MR
environment. Specific issues that must be considered for different types of medical devices are discussed
below. Any parameter that affects the safety of the device should be listed in the labeling and any
condition that is known to produce an unsafe condition must be described in the labeling for an MR
Conditional device.

The icons are intended to be used on items that may be brought into or near the MR environment
as well as in product labeling. The icons may be reproduced in color or in black and white, however the
use of color is encouraged because of the added visibility. The MR Conditional icon may be
supplemented by a box which describes the conditions for which the device has been demonstrated to
pose no known hazards

Determining Safety

MR safety requirements for medical devices can be categorized by intended use location in the
MR environment, electrical activity, and implant status as shown in Table 1. Because of the potential risk
to patients, in general, implants produce greater safety concerns. However the electromagnetic field
interactions that should be considered for all devices are determined by the device electrical activity and
location in the MR environment.



DEVICE LOCATION IN THE ELECTRICAL ACTIVITY IMPLANT STATUS
MR ENVIRONMENT

Devices Intended to Enter an
MR Scanner

Passive

Implants
(aneurysm clip, coronary stent)

Non-implanted Devices
(biopsy needle, patient positioning device)

Electrically Active

Implants
(pacemaker, neurostimulator)

Non-implanted Devices
(pulse oximeter lead, EKG lead)

Devices Not Intended to Enter an
MR Scanner

Passive
(Surgical tools)

Electrically Active
(Infusion pump, patient monitor)

Table 1. Categories of Medical Devices in the MR Environment.

Devices Intended to Enter an MR Scanner: Passive Devices

Passive devices that are intended to be safe within the bore of an MR scanner can further be
divided into implants and devices that are not implanted. In determining whether a passive device
(implant or non-implant) is MR Safe, MR Conditional, or MR Unsafe, FDA recommends that the sponsor
address magnetically induced displacement force and torque, RF induced heating, and image artifact [7].
ASTM standards F2052, F2213, F2182, and F2119 provide test methods that can be used to address each
of these issues [1-4]. In addition, electrical stimulation of the heart or neurological tissue might be an
issue for a long passive implant. The Guidance for Industry and FDA Staff Establishing Safety and
Compatibility of Passive Implants in the Magnetic Resonance (MR) Environment further outlines the
concerns that should be addressed for a passive implant and provides suggestions for labeling these
devices.

Devices Intended to Enter an MR Scanner: Electrically Active Devices

The determination of safety of electrically active devices, and particularly of active implantable
medical devices (AIMDs) that are intended to be safe within the bore of an MR scanner is substantially
more difficult than the determination for a passive device. All possible interactions between an active
device in all of its possible states and the complex and changing electromagnetic fields produced by the
range of existing MR scanners and scan sequences are difficult to define and are not completely
understood. The ISO /IEC JWG has made great progress in identifying the types of interactions that need
to be addressed in order to define the issues that must be addressed to determine the conditions for which
a patient with an MR Conditional AIMD may safely be scanned. For electrically active devices intended
to be safe within the bore of an MR scanner, in addition to magnetically induced displacement force and
torque, RF induced heating, and image artifact, ISO TS 10974 [6] recommends that sponsors also address
electromagnetic compatibility/electromagnetic interference (EMC/EMI) as well as B, (static magnetic
field) induced device malfunction, magnetic field gradient (dB/dt) induced device heating, vibration, and
device malfunction, RF field induced device malfunction, and malfunction caused by combined
electromagnetic field effects. For implants with leads, ISO TS 10974 recommends that gradient field



induced lead voltage and RF field induced rectified lead voltage also be addressed. These induced
voltages might also be present in any long conductive device. Currently there are no standard test
methods for evaluating many of these interactions. There is substantial variation between active devices,
and sponsors wishing to label an electrically active device MR Conditional are strongly encouraged to
work interactively with the FDA to develop their test plans.

Devices Not Intended to Enter an MR Scanner: Passive Devices

Passive devices that are not intended to enter an MR scanner can be subjected to magnetically
induced displacement force and torque. ASTM F2503 recommends that the device be prominently
labeled with the appropriate MR safety icon, preferably using the colored option, and for MR Conditional
devices, the supplementary box containing the conditions under which the device can safely enter the MR
environment.

Devices Not Intended to Enter an MR Scanner: Electrically Active Devices

Electrically active devices that are not intended to enter an MR scanner are susceptible to all of
the interactions listed for active devices that are intended for use within the bore of a scanner with the
exception of RF induced heating. ASTM F2503 recommends that the device be prominently labeled with
the appropriate MR safety icon, preferably using the colored option, and for MR Conditional devices, the
supplementary box containing the conditions for which the device can safely enter the MR environment.
There are some types of electrical equipment that can be safely operated only a given distance from an
MR scanner, generally either because it is a projectile hazard when brought too close to the MR scanner
or because of electrical interference between the equipment and the MR scanner. Consideration should be
given to means to fasten down such equipment so that it is physically restrained from entering the portion
of the MR environment for which it is not MR Conditional.

Summary and Current Efforts

Work is continuing to add alternate methods to the ASTM force, torque, and image artifact
standards. The ISO/IEC JWG has begun work on the second edition of TS 10974 for AIMDs. Work is
also ongoing to develop specific test methods and requirements for specific types of AIMDs including
neurostimulators, pacemakers and ICDs, and cochlear implants. In all of the standards development
efforts in ASTM, ISO, IEC, and AMI care is being taken to avoid duplication of effort and to develop a
body of standards that will address MRI safety and compatibility for the entire spectrum of medical
devices and equipment that may be introduced into the MR environment. While the development of these
standards has made a significant impact on the evaluation of the safety of devices in the MR environment,
work is continuing to develop a better understanding of the interactions between MRI scanners and
medical devices and to translate that understanding to produce a body of standards and guidelines that can
be used to determine the safety of any device in the MR environment.
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