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Which procducts are affected?

e vascular implants

stents, filters, clips, valves

e Interventional instruments

catheters, guidewires, endoscopes,

« orthopedic implants

prostheses, fixation devices

e active implants and
medical electrical devices

robots, monitoring equipment, injectors

e surgical instruments

clamps, scalpels and other tools




MR device labelling of a stent, 2010

5.9 Magnetic Resonance Imaging (MRI)

Non-clinical testing has demonstrated the TAXUS Express Stent,
in single and in overlapped configurations up to 62 mm in length,
is MR Conditional. It can be scanned safely under the following
conditions:

» static magnetic field of 3 and 1.5 Tesla
» spatial gradient field of 700 Gauss/cm or less

+ normal operating mode (maximum whole body averaged
specific absorption rate (SAR) of 2 W/kg) for 15 minutes or
less of scanning.

Patients with single TAXUS Express Stents or TAXUS Express
Stents at overlapped lengths up to 62 mm may safely undergo MRI
in normal operating mode of 1.5T and 3T MR systems for 15 minutes
or less. Non-clinical testing at other field strengths has not been
performed to evaluate stent migration or heating. MRI at 1.5 or 3

Tesla may be performed immediately following the implantation of
the TAXUS Express Stent.

In non-clinical testing, the TAXUS Express Stent at overlapped
lengths up to 62 mm produced a maximum temperature rise of
1.7°C at a maximum whole body averaged specific absorption rate

Reference:

(SAR) of 2.0 W/kg, as assessed by a validated calculation for
15 minutes of MR scanning in a 3.0 Tesla Magnetom Trio®,
Siemens Medical Solutions, software wversion Numaris/4,
Syngo® MR A30 MR scanner and in a 1.5 Tesla Intera® Philips
Medical Systems, software version Release 10.6.2.0, 2006-
03-10, MR scanner. Stent heating was derived in computer
simulation using anatomically correct human models. These
calculations do not take into consideration the cooling effects
of blood flow.

The response of overlapped stents greater than 62 mm in length
is unknown. In vivo, local SAR depends on MR field strength
and may be different than the estimated whole body averaged
SAR, due to body composition, stent position.

The image artifact extends approximately 9mm from the device,
both inside and outside the device lumen when scanned in
nonclinical testing using the sequence: Spin Echo and Gradient
Echoin a 3.0 Tesla Magnetom Trio, Siemens Medical Solutions,
software version Numaris/4, Syngo MR A30 MR system with
CP head coil.

from Instructions For Use (IFU) of TAXUS® Express2™ and TAXUS®Express2™ Atom™, Boston Scientific, USA
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Ref.:
IEC 60601-2-33, ASTM F2503, E-DIN 6877-1



Current situation of medical devices in conjunction with MRI

MR system manufacturer

Since 3" edition of IEC

»The MR system IFU shall 60601-2-33 2010: When the

describe the significant RISK

associated with the scanning of implant device is labeled as

patients with active or passive MR safe or MR conditional,

implants containing conductive the OPERATOR is then informed
materials.” via implant IFU about MR

. safety and scan conditions.
‘B ® ({q\ The IFU shall explain that
= information can be found in

@ @ @ the ACCOMPANYING
\DOCUMENTS of the implant/

MANUFACTURER."

contraindicated are:
* magnetic materials
» electrically conductive materials



MR testing issues — summary

Magnetic induced displacement force (static, dynamic)
Magnetic induced torque (static, dynamic)

Radio frequency (RF) and Gradient induced heating

RF and Gradient induced voltages (stimulation, activation)
Gradient induced vibration

Safe operation of the device within the MR environment (dependent
on individual demands)

Safe operation of the MR system => Image quality issues

MR image artifacts and quality issues
Susceptibility artifacts (dependent on material)

RF artifacts of devices in the imaging volume (distortion, signal
shielding and amplification effects)

RF artifacts in the MR image due to RF emission
Signal-to-Noise ratio (SNR)

B,-Field homogeneity (image uniformity/ spatial distortion)
MR signals from remained H-protons (in plastics)

list is not limited to above mentioned issues



The active definitions of MR safety:

according to ASTM F2503
(and E-DIN 6877-1)

MR Safe—an item that poses no known
hazards in all
MR environments.

MR Conditional—an item that has been
demonstrated to pose no known
hazards in a specified MR

environment with specified
conditions of use.

MR Unsafe—an item that is known to pose
hazards in all MR environments.

Definitions and icons extracted, with permission, from “ASTM F2503-08, Standard Practice for Marking
Medical Devices and Other Items for Safety in the MR Environment”, copyright ASTM International, 100
Barr Harbor Drive, West Conshohocken, PA 19428. A copy of the complete standard may be purchased
from service@astm.org, website: www.astm.org.

&




MR Image Artifacts - MR compatibility

according to ASTM F2503
(and E-DIN 6877-1)

An MR image artifact is not considered as a direct safety issue by
ASTM F2503-08 Standard Practice for Marking Medical Devices
and therefore handled as separate issue, but

— artifact information provide important help for the physician
before MR scanning of a patient with implant or other item

— a statement about MR image artifacts produced by an

implant/ item should be included in the product labeling/
patient implant card




MR device labelling of a stent, 2010

5.9 Magnetic Resonance Imaging (MRI)
Non-clinical testing has demonstrated the TAXUS Express Stent,

in csinale and in nuverlannad ranfinuratinne un tn A2 mm in length,

Displacement force and torque  following

T IR LR R

RF-induced heating
+ normal operating mode (maximum whole body averaged

specific absorption rate (SAR) of 2 W/kg) for 15 minutes or
less of scanning

experimental heating data

MR system information

e oo . __don for
15 minutes of MR scanning in a 3.0 Tesla Magnetom Trio®,
Siemens Medical Solutions, software wversion Numaris/4,
Syngo® MR A30 MR scanner and in a 1.5 Tesla Intera® Philips
Medical Systems, software version Release 10.6.2.0, 2006-

03-10_ MR scanner. Stent_heating was derived in_computer

P e

simulation using anatomically correct human models. These

Patients with single TAXUS Express Stents or TAXUS Express
Stents at overlapped lengths up to 62 mm may safely undergo MRI
in normal operating mode of 1.5T and 3T MR systems for 15 minutes
or less. Non-clinical testing at other field strengths has not been
performed to evaluate stent migration or heating. MRI at 1.5 or 3

Tesla may be performed immediately following the implantation of
the TAXUS Express Stent.

In non-clinical testing, the TAXUS Express Stent at overlapped
lengths up to 62 mm produced a maximum temperature rise of
1.7°C at a maximum whole body averaged specific absorption rate

calculations do not take into consideration the cooling effects
of blood flow.

The response of overlapped stents greater than 62 mm in length
is unknown. In vivo, local SAR depends on MR field strength

MR image artifacts >raged

The image artifact extends approximately 9mm from the device,
both inside and outside the device lumen when scanned in
nonclinical testing using the sequence: Spin Echo and Gradient
Echoin a 3.0 Tesla Magnetom Trio, Siemens Medical Solutions,

Reference:

software version Numaris/4, Syngo MR A30 MR system with
CP head coil.

from Instructions For Use (IFU) of TAXUS® Express2™ and TAXUS®Express2™ Atom™, Boston Scientific, USA




Which documents are required?

exact and reliable data about the implant (name, model, no., etc.)
written original information showing the der MR labeling from Instructions
For Use or other equivalent source

— e. g. from device manufacturer or
from MR implant online database (e. g. MagResource, mri-safety)

compatibility data sheet of the MR system (=> system handbook)

exact and reliable data about the MR coils of the MR system used




Database for MR labeling information

www.MagResource.com
Online database with original data of the implant manufacturer
currently over 6500 devices listed

www.mrisafety.com
data listed in different stage, format, categorized

own lists (! make sure data is valid)

MAG 3%3%2&5&

Search Form stent
Model Name |
Zeneric [EE
fodel Mum
MAf

Farial Field Search of hfr, Model Mame, Motes, and Parent Co. Minimize Length of ata Entny for Best Results

Search All |

Find Clear Form

Disclaimer |Device Mot Found? Click to Email. magresourced@new . rr.com Help

Ask an MR Safety Expert |
2 MAGRESOQURCE 2005, 2006, 2007 lYersian: 2_4, 1182009




MagResource — a comprehensive database for MR safety information

MAG /N ESOURCE

Or-Line Inberactive Database

Model: Multi-Link, Multilink Pixel Coronary stent
Generic: stent Size:
Model Number: Lot:
Material: 316L 55

Summary: MR Conditional  Max. Field: 3 Tesla
Note:
The Guidant MULTI-LINK PIXEL Coronary Stent has been shown in non-clinical testing
o be MRI safe immediately following implantation. MEI test conditions used to evaluate
his stent were: for magnetic field interactions, a static magnetic field strength of 3 tesla
ith a maximurm spatial gradient magnetic field of 3.3 tesla/meter, for MREIl-related
heating, a maximum whole body averaged specific absarption rate (SAR) of 2.0 W/kg
or 15 minutes of MR imaging. While a single stent produced a temperature rise of 1255
hian 0.6°C and should not migrate under these conditions, the response of
owverlapping stents or stents with fractured struts is unknown. Non-clinical testing has
not been performed to rule out the possibility of stent migration at field strengths highen
han 3 tesla.

Click on the HyperLinks Below to See Reference Wehsites:

MiT: AbbottVascular Inc Phone: 300-227-9902
Parent Co: Fax: 650-474-3044

MiT. Site:  hitphwanene abbottvascular.camf

Back

Device Mot Found? Click to Emall. madresource@ne rr.com
& M GRESOURCE 2005, 2006, 2007 Version: 24, 1Aa/2009




MR device labelling of a stent, 2010

5.9 Magnetic Resonance Imaging (MRI)
Non-clinical testing has demonstrated the TAXUS Express Stent,

in csinale and in nuverlannad ranfinuratinne un tn A2 mm in length,

Displacement force and torque  following

T IR LR R

» static magnetic field of 3 and 1.5 Tesla

» spatial gradient field of 700 Gauss/cm or less

+ normal operating mode (maximum whole body averaged
specific absorption rate (SAR) of 2 W/kg) for 15 minutes or
less of scanning.

Patients with single TAXUS Express Stents or TAXUS Express
Stents at overlapped lengths up to 62 mm may safely undergo MRI
in normal operating mode of 1.5T and 3T MR systems for 15 minutes
or less. Non-clinical testing at other field strengths has not been
performed to evaluate stent migration or heating. MRI at 1.5 or 3

Tesla may be performed immediately following the implantation of
the TAXUS Express Stent.

In non-clinical testing, the TAXUS Express Stent at overlapped
lengths up to 62 mm produced a maximum temperature rise of
1.7°C at a maximum whole body averaged specific absorption rate

Reference:

(SAR) of 2.0 W/kg, as assessed by a validated calculation for
15 minutes of MR scanning in a 3.0 Tesla Magnetom Trio®,
Siemens Medical Solutions, software wversion Numaris/4,
Syngo® MR A30 MR scanner and in a 1.5 Tesla Intera® Philips
Medical Systems, software version Release 10.6.2.0, 2006-
03-10, MR scanner. Stent heating was derived in computer
simulation using anatomically correct human models. These
calculations do not take into consideration the cooling effects
of blood flow.

The response of overlapped stents greater than 62 mm in length
is unknown. In vivo, local SAR depends on MR field strength
and may be different than the estimated whole body averaged
SAR, due to body composition, stent position.

The image artifact extends approximately 9mm from the device,
both inside and outside the device lumen when scanned in
nonclinical testing using the sequence: Spin Echo and Gradient
Echoin a 3.0 Tesla Magnetom Trio, Siemens Medical Solutions,
software version Numaris/4, Syngo MR A30 MR system with
CP head coil.

from Instructions For Use (IFU) of TAXUS® Express2™ and TAXUS®Express2™ Atom™, Boston Scientific, USA
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Compatibility technical specification sheet acc. IEC 60601-2-33
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Magnetom Verio, 3T Achieva 3.0T BestpThe Netherl):;mds
Siemens Medical Solutions, Erlangen B|<29T :
IVBI = 15 T/m, |grad|B|| <17 T/m
IVBI -IBl = 27 T2/m B| . |grad|B|| < 48 T%m

These examples show the MR system-specific parameter of the spatial gradient

magnetic field and its gradient product responsible for the magnetically induced
displacement force




MR device labelling of a stent, 2010

5.9 Magnetic Resonance Imaging (MRI)

Non-clinical testing has demonstrated the TAXUS Express Stent,
in single and in overlapped configurations up to 62 mm in length,
is MR Conditional. It can be scanned safely under the following
conditions:

» static magnetic field of 3 and 1.5 Tesla
» spatial gradient field of 700 Gauss/cm or less

+ normal operating mode (maximum whole body averaged
specific absorption rate (SAR) of 2 W/kg) for 15 minutes or
less of scanning.

Patients with single TAXUS Express Stents or TAXUS Express
Stents at overlapped lengths up to 62 mm may safely undergo MRI
in normal operating mode of 1.5T and 3T MR systems for 15 minutes
or less. Non-clinical testing at other field strengths has not been
performed to evaluate stent migration or heating. MRI at 1.5 or 3

Tesla may be performed immediately following the implantation of
the TAXUS Express Stent.

In non-clinical testing, the TAXUS Express Stent at overlapped
lengths up to 62 mm produced a maximum temperature rise of
1.7°C at a maximum whole body averaged specific absorption rate

Reference:

(SAR) of 2.0 W/kg, as assessed by a validated calculation for
15 minutes of MR scanning in a 3.0 Tesla Magnetom Trio®,
Siemens Medical Solutions, software wversion Numaris/4,
Syngo® MR A30 MR scanner and in a 1.5 Tesla Intera® Philips
Medical Systems, software version Release 10.6.2.0, 2006-
03-10, MR scanner. Stent heating was derived in computer
simulation using anatomically correct human models. These
calculations do not take into consideration the cooling effects
of blood flow.

The response of overlapped stents greater than 62 mm in length
is unknown. In vivo, local SAR depends on MR field strength
and may be different than the estimated whole body averaged
SAR, due to body composition, stent position.

The image artifact extends approximately 9mm from the device,
both inside and outside the device lumen when scanned in
nonclinical testing using the sequence: Spin Echo and Gradient
Echoin a 3.0 Tesla Magnetom Trio, Siemens Medical Solutions,
software version Numaris/4, Syngo MR A30 MR system with
CP head coil.

from Instructions For Use (IFU) of TAXUS® Express2™ and TAXUS®Express2™ Atom™, Boston Scientific, USA



Switched gradient magnetic fields in general contribute negligible

to induced heating, but

* if meeting the correct conditions, heating is possible, too
* iInduce voltages (resulting in currents) in conductive structures
e can cause unintended stimulation

Factor of approx. 100 to 1000 between RF frequency (MHz) and
gradient frequency (kHz)

Tek AL @ Stop T Pos: —3.200ms CHI
R SR A Ay R i AR R S S

A 00mV
G.4 G =e.g. 60 mT/m o o o of / o
G.+ 13 ¢ ELAO

z
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s = stimulation t L
-
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ts, eff. = €.0. 0.2ms

4034, Guidant, Giessen, Germany |
Slew rate (SL) =e.g 300 mT/m/ms CH1 S0.0mVEy CH2 100mV M 10ms  CH1 / B0.0mY

Ref. plot: Xixi Zhang, basic studies project, University of
Applied Sciences Fachhochschule Gelsenkirchen and
MR:comp GmbH, Gelsenkrichen, Germany

dB/dt is dependent on gradient magnetic field vector
and object position (X,y,z) within the gradient coils



What do | need to consider regarding parameters
of the ,,dB/dt-induced interactions"?

« Most MR labeling are currently not addressing dB/dt-related parameters

Important gradient limit parameters are:
e gradient slew rate in T/m/s

o gradient amplitude in mT/m

« effective stimulation time in ms

= derived from fundamental MR testing according to ISO/TS 10974 for
active implants. What about passive implants?

=> Standardization committees are currently working on improvements of
technical basics and information interfaces




MR device labelling of a stent, 2010

5.9 Magnetic Resonance Imaging (MRI)

Non-clinical testing has demonstrated the TAXUS Express Stent,
in single and in overlapped configurations up to 62 mm in length,
is MR Conditional. It can be scanned safely under the following
conditions:

RF-induced heating

= aput|U| HIUUIGIII TSI R P U O Ry el W 1S

experimental heating data
MR system information

+ normal operating mode (maximum whole body averaged
specific absorption rate (SAR) of 2 W/kg) for 15 minutes or
less of scanning

(SAR) of 2.0 W/kg, as assessed by a validated calculation for

15 minutes of MR scanning in a 3.0 Tesla Magnetom Trio®,
Siemens Medical Solutions, software wversion Numaris/4,
Syngo® MR A30 MR scanner and in a 1.5 Tesla Intera® Philips
Medical Systems, software version Release 10.6.2.0, 2006-

03-10_ MR scanner. Stent_heating was derived in_computer
simulation using anatomically correct human models. These

Patients with single TAXUS Express Stents or TAXUS Express
Stents at overlapped lengths up to 62 mm may safely undergo MRI
in normal operating mode of 1.5T and 3T MR systems for 15 minutes
or less. Non-clinical testing at other field strengths has not been
performed to evaluate stent migration or heating. MRI at 1.5 or 3

Tesla may be performed immediately following the implantation of
the TAXUS Express Stent.

In non-clinical testing, the TAXUS Express Stent at overlapped
lengths up to 62 mm produced a maximum temperature rise of
1.7°C at a maximum whole body averaged specific absorption rate

Reference:

calculations do not take into consideration the cooling effects
of blood flow.

The response of overlapped stents greater than 62 mm in length
is unknown. In vivo, local SAR depends on MR field strength
and may be different than the estimated whole body averaged
SAR, due to body composition, stent position.

The image artifact extends approximately 9mm from the device,
both inside and outside the device lumen when scanned in
nonclinical testing using the sequence: Spin Echo and Gradient
Echoin a 3.0 Tesla Magnetom Trio, Siemens Medical Solutions,
software version Numaris/4, Syngo MR A30 MR system with
CP head coil.

from Instructions For Use (IFU) of TAXUS® Express2™ and TAXUS®Express2™ Atom™, Boston Scientific, USA



SAR distribution (from FDA SAR intercomparison study at 1.5 T, MR:comp)

Computer simulation provided the same SAR characteristics for the implant

heating at each implant

0dB = 50W/kg

FDA SAR
intercomparion
protocol; studies
project in
cooperation with
SPEAG,
Fachhochschule
Gelsenkirchen &

MR:comp, T.
Malechka et al, Head
2007 receive

colil




What do | need to consider regarding parameters
of the ,RF-induced interactions"?

« The MR labeling has to contain sufficient information

— MR system, magnetic field strength, heating of the implant, scan
duration, local and averaged whole body SAR (software displayed,
calorimetrical SAR, background SAR), implant location,
configuration, orientation, MR coil, pulse sequence, etc. (future:
magnetic field measure By, fixed paramter option))

= derived from fundamental MR testing according to ASTM, ISO/TS 10974

However, be aware of the following:
The software displayed whole body averaged SAR is in general not
appropriate to scale local heating at devices/implants

=> Standardization committees are currently working on improvements of
technical basics and information interfaces




Whole body averaged (WBA) SAR versus local SAR
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Testing Services for Magnetic Resonance Safety & Compatibility

MR:comp GmbH
MR Safety Testing Laboratory
Buschgrundstrasse 33

45894 Gelsenkirchen
Germany

(Local landline) Hotline for MR Safety and MR Application +49 1497730-MR(67)

Phone +49 209 14977300
Fax +49 209 149 7730 88
Email iInfo@mrcomp.com



