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Outline
What It Means To Go ‘Off-Label’

• Intro


• How Patients Are Harmed In MRI


• ‘Off-Label’ ≠ Automatically Unsafe


• It’s About The Harm


• Tools For Quantifying Risk & Categorizing Devices


• Q & A
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How Are Patients Harmed In MRI?

However…


Internal (Implant-Related) 
Injuries Are NOT Well 
Quantified.



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

How Are Patients Harmed In MRI?



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

How Are Patients Harmed In MRI?



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

How Are Patients Harmed In MRI?

• Implant & Device Adverse Events Can Be Some Of The Most 
Dangerous!


• While Very Rare, The Poor Quantification (And Reluctance To Discuss 
Them) Leads Us To Mis-Estimate Risk.



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

How Are Patients Harmed In MRI?

“Cowboys” and “Ghosts”

Risk “Sweet Spot”

Allows Everything 
In MRI b/c 

“Risks Are Overblown”

Prohibits Everything 
In MRI b/c 

“It Could Kill The Patient”
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MR Unsafe
‘Off-Label’ ≠ Automatically Unsafe

• Labeled “MR Unsafe” Is An Affirmative Condition… 
 
“Known to pose (unacceptable) hazards in MR environment”


• If You Only Presume The Hazard, That Doesn’t Make A Device  
“Unsafe Equivalent”
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‘Off-Label’ ≠ Automatically Unsafe

• Outside of MR Conditional Conditions or “off-label” means device 
manufacturer does not promise safety.
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‘Off-Label’ ≠ Automatically Unsafe

• Sites may elect to presume “off-label” is unsafe (unless / until further 
information is developed), but this is operational.
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‘Off-Label’ ≠ Automatically Unsafe

• Presumption is based on ignorance, 
not informed risk-assessment.
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It’s About Harm

• If you can’t identify the specific harms at risk, you can’t mitigate 
them.



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

Static Magnetic Field Harms
It’s About Harm

• Twisting (B0)

• Pulling (SFG)

• Device Functional Interference
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Time-Varying Gradient Harms
It’s About Harm

• Neuromuscular Stimulation

• Vibration

• “False Feedback” (for active, sensing devices)

• Heating (often not clinically significant)
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Radio Frequency (RF) Magnetic Field Harms
It’s About Harm

• Diffuse Thermal Loading (typically managed by MRI scanner)

• Focal Heating
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If you’re going ‘off-label’ for…
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Working From MR Conditional Labeling
Tools For Quantifying Risk & Categorizing Devices

If you’re going ‘off-label’ for…

Field Strength: For Torque: All lesser values included

For RF Heating: May be introducing greater risks
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Working From MR Conditional Labeling
Tools For Quantifying Risk & Categorizing Devices

If you’re going ‘off-label’ for…

Spatial Gradient: For Translation / Attraction: All lesser values included




2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

Working From MR Conditional Labeling
Tools For Quantifying Risk & Categorizing Devices

If you’re going ‘off-label’ for…

Time-Varying 
Gradient:

For Stimulation & Vibration: All lesser values included
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Working From MR Conditional Labeling
Tools For Quantifying Risk & Categorizing Devices

If you’re going ‘off-label’ for…

RF SAR / B1+: For Heating: All lesser values included
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Working From MR Conditional Labeling
Tools For Quantifying Risk & Categorizing Devices

If you’re going ‘off-label’ for…

Patient Position: Changing position may change exposures & may 
significantly change risk profile.
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Categorical Safety Statements
Tools For Quantifying Risk & Categorizing Devices

What Are Categorical Safety Statements?


• When An Entire Category Of Implants Have…

• Similar shapes / sizes

• Similar material composition


We can begin to identify safety profile by class / category.
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Categorical Safety Statements
Tools For Quantifying Risk & Categorizing Devices

When Do Categories NOT Work?


• When Implants Within A Category Have…

• Very different sizes / shapes

• Different material composition


For example, coronary stents vs. femoral stents
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Categorical Safety Statements
Tools For Quantifying Risk & Categorizing Devices

• Dr. Kanal Statements On Coronary Stents

• Dr. Shellock Statements On

• Coronary Stents

• Annuloplasty Rings

• Artificial Heart Valves
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Categorical Safety Statements
Tools For Quantifying Risk & Categorizing Devices

  

! !
!

1!

Guidelines for the Management of Patients with Coronary Artery Stents  
Referred for MRI Procedures 

 

Frank G. Shellock, Ph.D., FACR, FISMRM, FACC 
Adjunct Clinical Professor of Radiology and Medicine 

Keck School of Medicine, University of Southern California 
www.MRIsafety.com 

In the clinical magnetic resonance imaging (MRI) setting, there is often misunderstanding 

associated with the management of patients with coronary artery stents, including confusion 

regarding stents labeled “MRI Safe/MRI Compatible” (i.e., due to labeling applied prior to the 

change in terminology, 2005) or “MR Conditional”, the timing of performing MRI following stent 

placement, and regarding what MRI limitations may exist (e.g., those related to the acceptable 

static magnetic field strength, maximum spatial gradient magnetic field, whole body averaged 

specific absorption rate or SAR, and other conditions)(1-3). This may result in restricted access 

to MRI for certain patients, particularly those with coronary artery stents for which there is 

unknown labeling information. 

Notably, the previous belief that it may be necessary to wait six weeks or longer after 

implantation of certain coronary artery stents to allow for endothelialization or other mechanism 

to prevent migration has been refuted because there are no known coronary artery stents made 

from ferromagnetic metallic materials (4-22).  

 

MRI labeling information exists for many coronary artery stents (3, 22). By following the 

pertinent MRI labeling information (i.e., presented in the Instructions for Use, Patient 

Identification Card, etc.), patients with coronary artery stents have safely undergone MRI 

examinations, including those performed at 1.5- and 3-Tesla. Importantly, there has never been 

an adverse event reported in association with performing MRI in patients with these particular 

implants.  

 

Unfortunately, the standard policy that MRI labeling information is required before allowing MRI 

in patients with coronary artery stents limits access to this important diagnostic imaging modality 

for those patients for which labeling is unavailable. However, in consideration of the relevant 

peer-reviewed literature and other related documents, it is acceptable and safe to perform MRI 
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Categorical Safety Statements
Tools For Quantifying Risk & Categorizing Devices

• I have worked with some 
radiologists who make site 
safety statements about passive 
orthopedic implants.


• Categorical safety statements 
are at the discretion / authority of 
the supervising physician 
(radiologist).
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Exposure Analysis
Tools For Quantifying Risk & Categorizing Devices

• It WILL be exposed to static magnetic fields

• Field Strength of Exposure (Torque)

• Spatial Field Gradient of Exposure (Translation)


• To What Degree will it be exposed to Time-Varying Gradients?


• To What Degree will it be exposed to RF Magnetic Fields?
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Exposure Analysis
Tools For Quantifying Risk & Categorizing Devices

“Testing and Labeling Medical Devices for Safety in the Magnetic Resonance (MR) Environment” 
US FDA (2021)
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Exposure Analysis
Tools For Quantifying Risk & Categorizing Devices

In other words…

• If it’s wholly outside the bore, it will not be exposed to meaningful 

RF, nor meaningful time-varying gradient energies.

Static Magnetic Field Time-Varying Gradient Radio Frequency Magnetic Field
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Materials Analysis - Static Magnetic Field
Tools For Quantifying Risk & Categorizing Devices

• These Are Some Nominally Non-Magnetic Materials

• 316L Stainless Steel

• Nitinol

• Phynox

• Elgiloy

• Titanium (CP)
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Materials Analysis - Time Varying Gradients & RF
Tools For Quantifying Risk & Categorizing Devices

• These Are Some Nominally Non-Electrically Conductive Materials

• Silicone

• PEEK


• Greater Risks From Insulated Electrical Conductors
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Size Analysis
Tools For Quantifying Risk & Categorizing Devices

“Testing and Labeling Medical Devices for Safety in the Magnetic Resonance (MR) Environment” 
US FDA (2021)
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Size Analysis
Tools For Quantifying Risk & Categorizing Devices

Does the device/implant 
contain any metallic and/or 

electrically conductive material 
or components?

Implant/
Device/

Onplant/
Foreign 

Body

Minimal/low risk 
to proceed with 
requested MR 
examination

Yes

Is the function of the device/implant itself 
potentially negatively affected by the presence of 

the Bo or of the dB/dx (magnetic spatial gradient)?

Is the device overtly ferromagnetic 
(i.e., will it grossly deflect or displace 
or rotate if exposed to strong magnetic 
fields and magnetic spatial gradients)?

YesNo

Significant/Unresolved 
Risk Detected

Responsible MRMD/radiologist must weigh 
the risk against the potential benefit from the 

requested MR study and render a final benefit/
risk decision as to whether or not to proceed 

with the requested MR examination.

Are all (potentially) ferromagnetic components of the 
device securely anchored or in tissue that is not sensitive 
to anticipated potential device motion or of sufficiently 
small mass as to not be anticipated to result in patient or 

tissue injury if exposed to the MR environment?

Yes No

Are the device(s) and/or any part of its lead(s) within 
the volume that will undergo significant RF irradiation 
or generation of significant e-fields/pathways for the 
requested MR examination (i.e., generally (but not 

always) within or immediately adjacent to the volume 
of the transmitting RF coil for that study)?

No Yes

Is the patient’s health or 
continued well being dependent 

upon the continued normal 
function of the device?

(Assumes that the 
device/implant cannot be 
safely readily removed 

and that there is a strong 
and clinically sound 

study indication)

Can the device or its (potential) 
ferromagnetic component(s) be 

secured/anchored (e.g., 
pressure bandage)?

Yes No

Don’t 
know

Find out!

YesNo

Static Field (Bo, dB/dx)
Risk Assessment

Yes No

Is the device surface 
entirely smooth/

rounded?

No Yes

Does the device or the induced 
voltage pathway have narrow 

points or sharp edges (NOTE: if 
the device is/contains a lead(s) or 

wire(s), select “Yes”)?

Yes No

Does the device consist of multiple 
electrically conductive components 

near one another (e.g., multiple 
leads/wires, mesh, numerous 

adjacent skin piercings)?

Is the device linear 
(e.g., wire or lead) 

with a total 
electrically 

conductive length of 
more than

~6 cm?

What is the field strength of the 
magnet on which you are 

contemplating performing the 
requested MR  examination?

Is there FDA-approved 
labeling for the device?

Find out!

Don’t 
know

Yes, MR Safe

Yes, MR 
Conditional

No; or
Yes, but can’t comply with 

conditions; or
Yes, MR Unknown; or

Yes, MR Unsafe

Proceed as per MR 
labeling; then: 

RF (B1) Thermal
Risk Assessment

Is the device linear 
(e.g., wire or lead) 

with a total 
electrically 

conductive length of 
more than

~8 cm?

Is the device linear 
(e.g., wire or lead) 

with a total 
electrically 

conductive length of 
more than

~4 cm?

Don't 
know

Advise MRMD 
or Radiologist

Yes No

1.5T 3T<1.5T

Kanal’s MR Safety Implant Risk Analysis Decision Tree Diagram

Can you place, or is there 
already, a heat sink on/

contiguous with the 
device/implant (for a wire, 

this would include each 
uninsulated tip)?

Yes No

7T

Is the device linear 
(e.g., wire or lead) 

with a total 
electrically 

conductive length of 
more than

~2 cm?

No Yes

Advise MRMD 
or Radiologist

Emanuel Kanal, MD, FACR, FISMRM, MRMD, MRSE, AANG
Copyright ©  2014, 2015, 2016, 2018, April, 2019

Do Not Duplicate or Distribute - All Rights Reserved

Is the implant a 
tattoo?

Yes No

R
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MRMD = Magnetic Resonance Medical Director
MRSO = Magnetic Resonance Safety Officer
MRSE = Magnetic Resonance Safety Expert

Bo = Static Magnetic Field
(e.g., 1.5 Tesla)

dB/dx = Static Magnetic Field Spatial Gradient
(this is the changing magnetic field over space, e.g., 

720 gauss/centimeter or 7.2 tesla/meter)

dB/dt = Imaging Magnetic Field Gradients
(this is the changing magnetic field over time, e.g., 

slew rate or rise time of 24 Tesla/meter/second)

RF = Radiofrequency

LEGEND:

More safe

Less safe

Query

Caution

Outcome

Multiple 
possible 

outcomes

Advisory

Unusual circumstance

Advisory

ה״עב

Overall Risk
Assessment

Are there multiple and/or crossing 
leads or wires in the RF irradiated 
volume or anticipated generated 

e-field pathways?

Yes No

*** DISCLAIMER ***

THIS MAGNETIC RESONANCE SAFETY IMPLANT RISK ANALYSIS DECISION TREE DIAGRAM
IS FOR TEACHING AND ILLUSTRATION PURPOSES ONLY

You must consult with your MRMD and/or Radiologist prior to attempting to apply any part of this decision tree diagram for 
any actual clinical decision making purposes.  There may be specific or complex implant/device configurations and/or 

situations not adequately considered in this diagram, such as multiple devices, grids, mesh, or other unusual configurations 
and situations.  Further, the field of magnetic resonance safety and our knowledge thereof is continually evolving and 

advancing.  MR safety considerations and/or data and/or information may exist that is neither included in, nor considered by, 
this risk analysis decision tree.  For any questions and for every case (especially but not limited to patients in whom multiple 

metallic devices/objects may be present), your MRMD or Radiologist must be                                                                                                                                                                                                                                                
consulted prior to proceeding with any requested MR examination on any active device patient or patient in or on whom 

there may be implants or objects or devices or foreign bodies with electrically conductive components.

Your continued usage of this teaching tool attests to your understanding and accepting the above conditions of use.

Optional heat 
sink placement

V1.6; April 15, 2019 Kanal’s MR Medical Director/Safety O%cer MR Safety Training Course

If electrically conductive and even if 
non-ferromagnetic, move patient/device 
slowly while exposed to magnetic fields 

to decrease Lenz’s forces

Re-assess if multiple 
devices or implants or 

leads are present

It may be necessary to recruit the assistance of an 
MRSE for further information/guidance regarding any 

situations that are not anticipated or appropriately 
managed by this diagram.

Gradient (dB/dt)
Risk Assessment

Are the device(s) and/or any part of its lead(s) within the 
volume that will undergo significant gradient switching 

(dB/dt) for the requested MR examination (i.e., generally 
within roughly 30 to 35 cm of the MR scanner bore  

isocenter radially and/or superoinferiorly)?

YesNo

Is the device a wire, or does it contain wires 
or leads of at least a few cm in length?

YesNo

Is the device surface entirely 
smooth/rounded?

Yes No

If you are unsure as to how to respond to a query,
err on the side of caution by selecting the more 

conservative, restrictive (red) response

Will gradient dB/dt induced 
device vibration pose a risk 

to the device/patient?

YesNo

YesNo

YesNo

YesNo

Is the tip of the wire/lead or is the non-smooth surfaced 
device in a location adjacent to a tissue/structure for 

which neurostimulation might pose a safety risk to the 
patient (e.g., cardiac tissue/arrhythmias)?

If an active device, would its 
function be compromised by dB/dt 

induced voltages or currents?

Is the patient dependent 
upon the continued normal 

function of the device?

Would decreasing the maximum gradient amplitude 
of the examination to be performed (e.g., increased 

field of view and/or slice thickness) sufficiently 
reduce the neuroexcitatory potential safety concerns 

to tolerable levels?

Yes No

This Decision Tree presumes no clinically significant 
gradient-induced device heating at today’s gradient 
dB/dt, maximum gradient amplitude, and duty cycle 
values.  Rare exceptions to this rule may well exist.

Modify sequence 
accordingly to reduce 

neuroexcitatory potential to 
acceptable levels

Modify sequence 
accordingly to reduce 

neuroexcitatory potential to 
acceptable levels

Notify MRMD 
or Radiologist

Secure/anchor device

Can’t comply with conditions

Heat sink 
placement if 
applicable

“MR Safety Implant Decision Tree Diagram v. 1.6” 
Dr. Emanuel Kanal
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Literature
Tools For Quantifying Risk & Categorizing Devices

Joint British Society consensus recommendations for magnetic resonance imaging for patients with cardiac implantable electronic devices
https://heart.bmj.com/content/early/2022/09/14/heartjnl-2022-320810
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“I Can’t Go Off-Label”
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But You Already Do… All The Time.
“I Can’t Go Off-Label”

• GBCA Contrast Studies

• Brain & Spine

• Arterial / Vascular / Run-Off

• Arthrogram

• Breast

• Pediatric Populations
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But You Already Do… All The Time.
“I Can’t Go Off-Label”

• GBCA Contrast Studies

• Brain & Spine

• Arterial / Vascular / Run-Off

• Arthrogram

• Breast

• Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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But You Already Do… All The Time.
“I Can’t Go Off-Label”

How did you decide to use contrast off-label?

• Reviewed literature?

• Consulted with peer experts?

• Consulted with certified MRI safety professionals?



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

Going ‘Off-Label’ Can Be Best Practice
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Going ‘Off-Label’ Can Be Best Practice

• IV Valium & Status Epillepticus



2022 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

Clinical Decision-Making To Go ‘Off-Label’
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Clinical Decision-Making To Go ‘Off-Label’

• Risk v. Benefit

Risk

• Can be informed / quantified by 

anyone

Benefit

• To be determined by 

exam-supervising 
physician
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Clinical Decision-Making To Go ‘Off-Label’
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Q&A
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Thank You
Tobias Gilk, MRSO, MRSE 

TGilk@GilkRadiologyConsultants.com 
@tobiasgilk 
www.facebook.com/groups/MRIsafety 


