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List of Active and Passive Devices

+ Active Implanted Medical Devices

Cardiac (pacemakers, ICD, CRT-D, loop recorders)
Stimulators (deep brain, vagal nerve, spinal, bone and bla

Programmable Shunts and Pumps (pain, drug, inas
Cochlear implants

+ Passive implanted devices &

foreign objects (metal in orbits, BBs, bullet fragments)

and d
Medication patches, Glucose Monitor, Hearing aids

s, piercing:
on, patient comfort (blanket

Implanted Devices MR Safety Labeling

NO Label: The item has not been evaluated for MR
safety.

solute Contraindication Implants for MRI?

years ago — most active implanted device and many passive
Cardiac (pacemakers, ICD, CRT-D, loop recorders)
Stimulators (deep brain, vagal nerve, spinal, bone and bladder)
Pain Pumps
Cochlear implants

« 5 years age — majority active implanted devices
« Stimulators (deep brain)
+ Pain Pumps
« Cochlear implants

» Today
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Typical Implanted Device Evalution Call

Patient is in the waiting room

Does not have any information on implanted device

Claims had MR at another site (most likely it was CT)

There is no prior history or images in PACS

Can we safely scan this patient?

+ Also can you please give me an YES and NO answer in 5 mins,
we are running 30 minutes behind schedule

Hmm...it Depends!

LI MRIDIAN =

Implants in MRI: Challenges

« Rapid growth of patients with implants
Increased number of MR conditional implants
Multiple implants and retained implants
Poor documentation in patient EMR
Direct vendor patient marketing as “MRI conditional”
Evolving and retroactive MR conditional labeling

« Rapid growth of MRI systems
High field (7T) and Low Field (<1T MR-Linac)
Hybrid Systems (PET-MR, Hybrid MR-OR)
Advanced procedures with high end hardware (fast
gradients, multichannel transmit, scan parameter
complexity)

Complexity vs Clarity

= Opportunity for physicists to step in and assert
our role in clinical practice as MRSE

 Radiation safety framework
* Leverage Radiation Safety model as a analogy
+ Radiation Safety Committee

« We are all in the same boat — lean on each other
« Interpersonal — Call a friend
Departmental — MR Safety Task Force
Institutional/Enterprise — MR Safety Committee

Professional Communities — AAPM and ISMRM Safety
Committees




Objectives
* How to operationalize implanted device evaluatio
expand scope of our practice as MR Safety Experts
1. Operational framework for device evaluation (evolving)
2. Review relevant resources and guidelines (evolving)

3. MRSE device evaluator starter guide (evolving)

Safety Concerns — MR Conditional Devices

« Static Field (BO) + Time-Varying Gradient Slew Rate

« Radio Frequency Field « Acoustic Noise
+ SAR
+ B1l+rms

« Duration of single series or
entire scanning session

Positioning/Landmarking/Centering
Patient height, weight

Location of device implantation

Type of coil Immbolization: external, comfort

Spatial Gradient Patient monitoring

Identify Additional implants

Find vendor guidance Artifacts

Operationalize Implanted Devices Evaluation

Evaluation Checks Pre/During Evaluation Checks Before
Verbal, visual, physical « Institutional Framework
screening + Patient EMR

Evaluation; interpretation « Departmental Framework
and communication plan + Schedulers MRSO
Escalation process * Guidelines and Policies
MRSO, MRSE, MRMD) « Patient Framework

Scan coordination « Screening Form

Safe execution

Inter/Intra departmental

Vendors Follow up Post Scan

) R ) Training * Reporting
Positioning; coils selection; - Internal and external

monitoring; (FDA MAUDE)

F’tl!Se sequences and « Education and Training

parameters (Ultra low SAR « Safety committee review

protocols) «+ Guidelines and policy
update

7/17/2019




Operationalize Implanted Devices Evaluation

Evaluation Checks Before

* Institutional Framework
+ Patient EMR

« Departmental Framework
* Schedulers MRSO
Follow up « Guidelines and Policies
Training
+ Patient Framework
« Screening Process

Institutional Framework — Patient EMR

Departmental Framework — Schedulers, MRSOs

Kanal's MR Safety Implant Risk Assessment app
for the i0S platform

*® 909
Frmesen-z
= mezesen

nwforums.com/appsupport/
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https://www.nwforums.com/appsupport/
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Departmental Framework — Guidelines/Policies

et o s o
b

Found 48in MR > MR Safety

Antimicrobial Dressings Containing Silver MR imaging Guideline

Body Piercing MR Imaging Guideline

Breast implants and Tissue Expanders - MR Imaging Guideling A

Burn Prevention: Pad Use To Pravent Bore Contact For MR Imaging “
Guideline

Conditional Pacemakers MR Imaging Guideline

Faley Catheters with & without Temperature Probe and Central Wire MR
Imaging Guideline

inal (G1) Clips MR imag| A

Halo Traction Devices MR Imaging Guidling

Hear Valve Prostneses and Annulopiasty Rings MR imaging Guideiine

Stents MR Imaging Guideline .

Scope e
e o st 5oy el NG I MR practcs o e WP Sty Commi, i ey
Rtk cian urths o ot 0 5 3 o et

MR Safety - Rachester, Ariz
Menomanie, Owatonra, Reg|
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Welcome to
MRIsafety.com!

http:// v.mrisafety.com/

Blanket Policies - “All Stents are Safe”

 Use caution when using blanket safety statements in guideline

Aorfix AAA Flexibel Spanner Prostatic

Stent Graft Stent Coronary Artery Stent

MR Unsafe

MR Conditional Multiple overlapping stents represent a
MAYO potential thermal risk at higher fields
due to shorter wavelength

Patient Framework — Screening Form



http://magresource.com/
http://www.mrisafety.com/
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Operationalize Implanted Devices Evaluation

Evaluation Checks Pre/During
» Verbal, visual, physical screening
+ Evaluation; interpretation and
communication plan
+ Escalation process (MRSO, MRSE,
MRMD)
Scan coordination
* Inter/Intra departmental
* Vendors Follow up
Safe execution Uiy
+ Positioning; coils selection; monitorin
» Pulse sequences and parameters (Ultra
low SAR protocols)

Screening: Verbal, Visual, Physical

Escalation Process: MRSO > MRSE > MRMD

MRI Safety Assessment Strategy ° Iz eloaily daminress
technical nuance on risks in MRI

environment to aid in making
effective patient management
decisions

Need o know
Use internet search:

- Manufacturer

- MagResource.com Ass our device agains!
- Model onsiderations:

- MRiSafety.com
- Serial Number 8force, torque)

- Information from the

manufacturer =dB/de (PNS)

Ways to find out Google search device name - RF (heating)
-Patient infocard  + "MRI safety” Acoustic
~Talk to pt., care Talk to other techs and
provider, manufactures’ Radiologists, and Physicists to
rep ensure everyone is in
- Medical note Sep—

Review plan with Radiologist —
Implement their prescription
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Impact Static  Grad RF

Lead Heating Heat and electrical shock by
Conductive lead acts as an antenna, picking up RF energy. A [EaNStEICEIEd
portion of this energy is dissipated as heat in cardiac tissue [ NERTNINISECTS
near tip of the electrode. damage may affect therapy.

Unintended g May lead to a single or intermittent

Gradient and RF fields induce voltages in leads that will be  [SIMNSISTNAREY S E R

applied to the lead electrodes. Large voltage pulses may undersensing; sustained

directly stimulate the heart. Electrical currents may be tachycardia; thermal tissue
damage near the case

ractions/Vibration
Static field will act on ferromagnetic material producing a
translation or rotation of the device or lead

Pacemaker or defibrillator
movement, patient discomfort,
malfunction or failure

Gradient and RF fields can induce electrical currents on (S TE TS (E)

conductive surfaces of device components. Interaction with
tic field may result in components to vibrate:

Adapted from om/

CHECKLIST FORM
FOR MRI

Equipment Specifics

Procedure:

= Safety Plan Communication

g

<=

Safe Scan Execution: Pulse Sequence Changes
Medtronic

not

Thersforo, the series should be configured so
that the scan pauses after the measurement phase.

Turba factor

DOWNLOADS



https://www.medtronic.com/us-en/healthcare-professionals/mri-resources/implantable-cardiac-devices/resources.html
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August 2015, Volume 205, Number 2

Residents’ Section Prev
Fraquently Asked Questions

What MRI Sequences Produce the Highest Specific Absorption Rate
SAR), and Is There Something We Should Be Doing to Reduce the SAR
uring Standard Examinations?

Cardiac MRI Exams with Very Low SAR (0.1 W/kg) for Patients with Active Implantable Medical Devices
2. Ashley Prosper : 8. Ennls 3

@ S MAGNETIC RESONANCE
8 ChRsumr v UCLARSEES
1. SPECIFIC ABSORPTION RATE (] Il. WORKFLOW

Scanner reported SAR is th{ Modifying sequence without care can image quality.

estimated to be absorbed by t§ A workflow has been proposed to modify MRI protocols to meet a SAR target? (Figure 2).
but it can be reduced by modify

&z

B o ol

s [ o)

Figure 1. Diagram that

Figure 2.

Operationalize Implanted Devices Evaluation

Post Scan

Screening

* Reporting
- « Internal and external (FDA MAUDE)

* Education and Training

Follow up
Training « Safety committee review

* Guidelines and policy update

10
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Safety

Reporting — Internal

Event Information

ACCIDENTAL INJURY & 07/14/2017 1:00:00 AM
ACTUAL EVENT. MRI, MCH & EXAM ROOM

2. NO& NO

[ABDOMEN & PELVIS
RADIOLOGY

Event Description
|Surmmary

BURN POST MR PATIENT HAD A MR

ABDOMEN/PELVIS WITHOUT INCIDENT. THE NEXT MORNING, SHE

WOKE UP AND NOTICED REDNESS AROUND HER LOWER
EDOMEN/PELVIS REGION. DESCRIBED T AS A SUN BURN: A DIME

ISHE CALLED, THE REDNESS HAD GONE AWAY, SHE THOUGHT IT
MIGHT BE RELATED TO HER UNDERWEAR, THE LABEL STATED 56%
POLYESTER. 2% SPANDEX, 2% OTHER FIBER. SHE WILL FOLLOW
WITH HER PROVIDER AS NEEDED.

YES. AREA OF REDNESS ACROSS LO\
SHAPED AMD 2 OR 3 STRI

injury & Description

WER ABDOMEN/PELVIS. 1 DIME
IKE AREAS.

ting — External FDA MAUDE

000 & DRUS

Medical Device Reporting (MDR): How to
Report Medical Device Problems

[ -

[ Drrce Pt
ey
o https://w /

N .fda.gov/medical-devices/medical-device-safety/medical-device-
N
@y reporting-mdr-how-report-medical-device-problems

FDA MAUDE Database Search

U.S. FOOD & DRUG

ASMINISTRATION

MAUDE - Manufacturer and User Facility Device * Product Codes LNH
Experience

(Nuclear Magnetic
Resonance systems,
892.1000)

MOS (coil Magnetic
Resonance, 892.1000).

ERTE TR P

MAYO
It

VTrF;‘I https://www.accessdata.fda.gov rch.CEM
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https://www.fda.gov/medical-devices/medical-device-safety/medical-device-reporting-mdr-how-report-medical-device-problems
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM

MAUDE - Manufacturer and User Facility Device
MAUDE Adverse Event Report: GE MEDICAL SYSTEMS, &0
LLC 3.0T SIGNA HDX MR SYSTEM NUCLEAR MAGNETIC

RESONANCE IMAGING

a0
0~ coan
Soyrar S

EAR MAGNETIC

GE MEDICAL SYSTEMS, LLC 3.07 SIGNA HOX MR

Event Dats 08/28/2019
Event Typo

Event Description

Search Alects/Recalls

MAUDE Adverse Event Report: SIEMENS MEDICAL &a
SOLUTIONS USA, INC. SYSTEM, NUCLEAR MAGNETIC

RESONANCE IMAGING

“eg
" canw
S S

SIEMENS MEDICAL SOLUTIONS USA, INC. SYSTEM, NUCLEAR MAGNETIC RESONANCE IMAGING

Search AlertsRecalls

New Search | Subm# an Adverse Event Report

Type of Device
Manufacturer (Section D)

Closing the Loop: MR Safety Committee
= g” -

Radiologist (MRMD)
1. Training and Education

SRS (YIRS, 2. Guideline and Policy Updates

Physicist (MRSE)
Administrators (Supervisors and Managers)

7/17/2019
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Training and Education — MR Tech Level 2

Policy and Guideline Updates

* VNS - Brain w/wo
Pt scanned at 1:00 pm

« VNS identified (pt disclosed) and
noted in the screening form; VNS
turned OFF, set to 0 mA.

« Non TR coil used ; TR coil was not
identified correctly

* Ptrescanned at 3:00 pm
« VNS missed (pt did not disclose)
TR coil not used

+ Patient screening form must be reviewed
and signed each and every time any
patient presents for an exam

TR Coil Labels

13



Operationalize Implanted Devices Evaluation

Evaluation Checks Pre/During

Verbal, visual, physical
screening
« Evaluation; interpretation
and communication plan
« Escalation process
MRSO, MRSE, MRMD)
Scan coordination
+ Inter/Intra depal tal
» Vendors
Safe execution
« Positioning; coils selection;
monitoring;
Pulse sequences and
parameters (Ultra low SAR
protocols)

Training

Follow up

Evaluation Checks Before
* Institutional Framework
« Patient EMR
« Departmental Framework
+ Schedulers MRSO
« Guidelines and Policies
« Patient Framework
« Screening Form

Post Scan
* Reporting
* Internal and external
(FDAMAUDE)
Education and Training
Safety committee review
+ Guidelines and policy
update

Tools of Trade — Start as MRSE Device Evaluator

B s e =

Recommended respansibiities for management of MR safety

7/17/2019

Tools of Trade — Start as MRSE Device Evaluator

Sample of MR implant safety standards & guidance

3: Particular requirements for the basic safety and essential
equipment for medical diagnosis
Standard Test Method for Measurement of Magnetically Induced
piucamant Foros on Medical Devioes i tve Magmetio Resommos Emviromment
Standard Test Methad for Measurement of Magnatically Induced
h.m on Modical Devices in the Magnatic Resonance Enviranment
Radio Frequency Induced
H-plmu Near Passive Implants During Magnetic Resonance Imaging
" Standard Test Method for Evaluation of MR Image Artifacts from
Passive impiants
A Standard practice for marking medical devices and other items for
oy s ample S
DA: Establishing Safety and Compatibility of Passive Implants in the Magnetic
Resonance (MR) Environment - Guidance for Industry and Food and Drug
A

jent of Radiofrequency- Induced Heating in the Magnetic Resonance
(MR) Environment for Mults-Configuration Passive Medical Devices

Assessment of the afety of magntic resonance imaging for paents
with an active implantable medical dewc:

Guidance Document on MR Safe Practices

Dr. Jason Stafford

14
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MR Safety Reference Documents

g all adverse

Where to Start? Sponsored by

Radiologylnfo.org

RADIOLOGY

A TestTrestment  Children~  Screening/Wellness  Disease/Condition  Safety  EnEspanol  Moce Info~

Magnetic Resonance Imaging (MRI) Safety [ o [ o | 3 e |

ACR

REBOUOGY

15


https://www.radiologyinfo.org/en/info.cfm?pg=safety-mr
https://www.radiologyinfo.org/en/info.cfm?pg=safety-mri-pregnancy
https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety
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MRM & s

MR Safety Resources

-safety-links/

p—— SMRT & ISMRM: Your Primary ."“,.,q.; "
Source for MR Safety v
Resources, Support 3

& Education Ty

Hame Study 22.1 8F Colt: Insident Reparting Guidanse - bewt

Leved 1 MR) Safety for ALL staff. with ISMBM 148 Safssy Articles & Reporss ¢
namatien

International and National Guidelines S

Gadolinium Retention; 4 2z
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https://www.ismrm.org/mr-safety-links/
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ISMRM-SMRT-FDA MR Safety Posters
Understanding MRI Safety Labeling Magnetic Resonance Imaging

o Tips for Scanning Patients with Implants

qnmvc Implanted Biomedical Devices|

smrm.org/mr-safety-links/

17


https://www.ismrm.org/mr-safety-links/

