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Tobias Gilk,  
MRSO, MRSE

• Past Member ACR MRI 
Safety Committee


• Contributing Author 2007, 
2019 & 2020 ACR MRI 
Safety Guidance


• Founding Board Member / 
Past Chair ABMRS


• International Trainer on MRI 
Safety
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ABMRS Content Disclosure

This presentation is not sponsored by or affiliated with the 
American Board of Magnetic Resonance Safety (ABMRS). 


As a member of the the Board of the ABMRS, I am prohibited from 
speaking on specific examination question content, but permitted 
to provide education on MRI safety concepts and principles.


This presentation is not an exam preparation for any examination.
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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The Arc
The “Big Picture”

Right Now Sunday Afternoon
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The Arc

EM Fields

Static Field

Time-Varying Gradients

RF Magnetic Fields

MR Conditional Labeling

Going ‘Off-Label’ Gadolinium Contrast

Pregnancy

Physical Environment

MRI Safety Standards

Clinical Scenarios

Safety Structures
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But There’s Only One Way We All Get There…

TRUST!
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State of MRI Safety
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State of MRI Safety
%

 C
ha

ng
e 

fro
m

 Y
ea

r 2
00

0

0

150

300

450

600

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

IMV Procedure Volume MAUDE LNH accidents

©
 C

op
yr

ig
ht

 2
02

2 
To

bi
as

 G
ilk

 
G

ilk
R

ad
io

lo
gy

C
on

su
lta

nt
s.

co
m

Changes to MRI Adverse Events vs. Volume

http://GilkRadiologyConsultants.com
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State of MRI Safety
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⤴ Risk Factors
State of MRI Safety

MRI Systems 

• Higher Field Strengths


• Active Shielding


• Faster / More 
Powerful Gradients


• Greater RF

Clinical Usage 

• High-Acuity Patients


• Emergent / Trauma


• Image-Guided 
Procedures


• Anesthesia / Sedation

Patient Cohort 

• Heavier


• Sicker


• More Implants / 
Devices
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⤴ Practice Improvements
State of MRI Safety

We are doing better today (compared to 20 years ago), 
but our improvement is slower than risk-factor growth.
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Outline
Electromagnetic Fields

• Intro


• Static Magnetic Field (where, when, what, why)


• Time-Varying (Imaging) Gradient Magnetic Field (where, when, what, why)


• Radio Frequency Magnetic Field (where, when, what, why)


• Exposure Model of Risk


• Q & A
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— Me

“If you don’t know what you’re exposing a 
patient (or device) to, you can’t begin to 
perform an MR risk-assessment.”
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MRI Has  
A Vocabulary Problem…
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MRI Has  
A Vocabulary Problem…

Coil    Gradient
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What Could Go Wrong?

• DBS Patient (6’ tall, 200 lbs)


• MR Conditional at 1.5T


• “T/R Head Coil Only”


• 0.1 W/kg

Before We Start…

• Indicated Study Is For A Knee 
 
Would You Consider It?
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MRI
Three Electromagnetic (EM) Fields

• Static Magnetic Field


• Time-Varying (Imaging)  
Gradient Magnetic Field


• Radio Frequency Magnetic Field
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MRI
Three Electromagnetic (EM) Fields

• Static Magnetic Field


• Time-Varying (Imaging)  
Gradient Magnetic Field


• Radio Frequency Magnetic Field
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Agenda

• When & Where

• Field Strength (B0) & Spatial Field Gradient (SFG)

• Units & Measures

• Plots & Graphs

• Physical Effects

• Physiologic Effects

Static Magnetic Field



EM Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

When & Where?

• Always On


• Increases w/ Proximity 
(max usually near mouth of bore)


• Magnetism Not Contained By 
Conventional Construction

Static Magnetic Field
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Field Strength & SFG
Static Magnetic Field

Field Strength 

• Single-Factor Measure


• ‘Nominal’ Field Strength  
(e.g., “1.5 T” or “3.0 T”)


• Fringe Field Strengths 
(e.g., 5 Gauss, 100 Gauss)

Spatial Field Gradient 

• Two-Factor Measure


• Change In Field Strength Over 
Distance


• “Steepness” Of Magnetic Field


• Depicted in G/cm or T/m
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Plots & Graphs
Static Magnetic Field
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Plots & Graphs
Static Magnetic Field

MagnetVision Image Courtesy of Dr. Emanuel Kanal

B0 Magnetic Field Strength
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Plots & Graphs
Static Magnetic Field

MagnetVision Image Courtesy of Dr. Emanuel Kanal

Spatial Field Gradient
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Static Magnetic Field
Physical Effects

• Torque / Rotation (Function of B0)

• Translation / Attraction (Primarily Function of SFG)

• Lenz Force (Faraday’s Law of Induction)
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Static Magnetic Field
Physiological Effects

• Inner-Ear Effects (vertigo, nystagmus)

• Flow Potential (ECG interference, S-T segment elevation)

• Magneto Hydrodynamic Effect (MHD)
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Time-Varying (Imaging) Gradient Magnetic Fields
Agenda

• When & Where

• Amplitude (strength), Slope (steepness),  

Slew (time & distance change)

• Units & Measures

• Plots & Graphs

• Physical Effects

• Physiologic Effects
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When & Where?

• On Only During Imaging


• Close To Minimum At Isocenter


• Max ~30 cm S-I, Radially


• Drops Rapidly Further Than 30 
cm


• Functionally Insignificant Beyond 
Face Of Bore

Time-Varying Gradients
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When & Where?
Time-Varying Gradients
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Amplitude, Change Rate, Slope
Time-Varying Gradients

Amplitude 

• Single-Factor 
Measure


• Maximum Change In 
Effective Field 
Strength


• Usually Represented 
In Milli (m) Tesla (T), or 
mT

Change Rate 

• Two-Factor Measure


• Change In Strength 
Over Time (∆B/∆t)


• Usually Represented 
In T/s, or mT/s

Slope 

• Two-Factor Measure


• Like Spatial Gradient, 
Change In Strength 
Over Distance (∆B/∆x)


• Usually Represented 
In T/m, or mT/m



EM Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Rise-Time, Slew
Time-Varying Gradients

Rise-Time 

• Single-Factor 
Measure


• Time Required To Go 
From Gradients Off To 
Full Power


• Usually Represented 
In Milli (m) seconds 
(s), or ms

Slew 

• Three-Factor Measure


• Most Complete 
Measure Of Gradients 
(strength, distance, 
time)


• Usually Represented 
In T/m/s or mT/m/ms



EM Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Plots & Graphs
Time-Varying Gradients
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Plots & Graphs
Time-Varying Gradients
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Time-Varying Gradients
Physical Effects

• High-Frequency Vibration

• Faraday’s Law of Induction (TVG-Induced Voltages)
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Time-Varying Gradients
Physiological Effects

• Peripheral Nerve Stimulation (PNS)

• Lead-Potentiated Neuromuscular Stimulation

• False-Feedback Of Active Devices (Inappropriate Therapy)
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Radio Frequency (RF) Magnetic Fields
Agenda

• When & Where

• Collimation??

• Units & Measures (SAR, SED, B1+RMS)

• Plots & Graphs

• Physical Effects

• Physiologic Effects
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When & Where?

• On Only During Imaging


• What Manufacturers Tell You  
(vs. what’s real)


• Drops Rapidly Further Than 30 
cm


• Functionally Insignificant Beyond 
Face Of Bore


• Collimation?

RF Magnetic Fields
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When & Where?
RF Magnetic Fields



EM Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

SAR, SED, B1+RMS

RF Magnetic Fields

SAR 

• Measures Rate Of 
Absorbed Energy 
Averaged Across Mass


• Whole Or Partial Body 


• Useful For Diffuse 
Thermal Loading  
(but on device labels 
for focal heating 
risk?!?)

SED 

• SAR x Time


• Assumes All Heat 
Energy Remains In 
Patient (No Shedding 
Of Thermal Load)


• Pop-Up Warnings


• Lock-Outs

B1+RMS 

• Standardized Across 
Vendors / Platforms


• Measure Of Absorbed 
Energy


• Also Poor For Focal 
Heating Risk, But 
Generally Safer & More 
Permissive Than SAR



EM Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

SAR, SED, B1+RMS

RF Magnetic Fields

SAR 

• Watts Per Kilogram 
(W/kg)


• Whole Body Averaged


• Head


• Extremity (Partial 
Body)

SED 

• Joules Per Kilogram 
(J/kg), or Thousand 
(kilo) Joules Per 
Kilogram (kJ/kg)


• Joule = Watts x 
Seconds

B1+RMS 

• Micro (One-Millionth) 
Tesla, µT
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Plots & Graphs
RF Magnetic Fields
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Plots & Graphs
RF Magnetic Fields

MagnetVision Image Courtesy of Dr. Emanuel Kanal MagnetVision Image Courtesy of Dr. Emanuel Kanal
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RF Magnetic Fields
Physical Effects

• Diffuse Heating

• Faraday’s Law of Induction (RF-Induced Voltages)

• Focal Resistance (Focal Heating)
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RF Magnetic Fields
Physiological Effects

• See Physical Effects
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Risks Are A Function Of Exposure

• If Exposure Is Zero, What Is Risk?
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Would You Consider?

• DBS Patient (6’ tall, 200 lbs)


• MR Conditional


• “T/R Head Coil Only”


• 0.1 W/kg


• Indicated Study Is Knee

Do You Remember…
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Would You Consider?
Do You Remember…

Spatial Gradient
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Would You Consider?
Do You Remember…

Time-Varying Gradient
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Would You Consider?
Do You Remember…

RF
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Would You Consider?
Do You Remember…

RF
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Would You Consider?
Do You Remember…

Spatial Gradient

Time-Varying Gradient

RF
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Would You Consider?

• DBS Patient (6’ tall, 200 lbs)


• MR Conditional at 1.5T


• “T/R Head Coil Only”


• 0.1 W/kg


• Indicated Study Is Knee

Do You Remember…



EM Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Q&A
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Thank You
Tobias Gilk, MRSO, MRSE 

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

mailto:TGilk@GilkRadiologyConsultants.com
https://twitter.com/tobiasgilk
http://www.facebook.com/groups/MRIsafety
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Static Magnetic Fields:
Effects / Volumes / Forces / Harms
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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Outline
Static Magnetic Fields

• Intro


• Fields / Distributions / Units


• Magnets, Magnetism, & Magnetic Materials


• Physical Forces / Bioeffects


• Q & A



Static Magnet Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

— Me

“If you don’t know what you’re exposing a 
patient (or device) to, you can’t begin to 
perform an MR risk-assessment.”
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Recap & Advance

• When & Where

• Field Strength (B0) & Spatial Field Gradient (SFG)

• Units & Measures

• Plots & Graphs

• Physical Effects

• Physiologic Effects

Static Magnetic Field
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When & Where?

• Always On


• Increases w/ Proximity 
(max usually near mouth of bore)


• Magnetism Not Contained By 
Conventional Construction

Static Magnetic Field
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Modes
Static Magnetic Field

Normal Mode 

• 0T ≦ 4T

First Level Controlled 
Operating Mode 

• 4T ≦ 8T

Second Level Controlled 
Operating Mode 

• > 8T
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Field Strength & SFG
Static Magnetic Field

Field Strength 

• Single-Factor Measure


• ‘Nominal’ Field Strength  
(e.g., “1.5 T” or “3.0 T”)


• Fringe Field Strengths 
(e.g., 5 Gauss, 100 Gauss)

Spatial Field Gradient 

• Two-Factor Measure


• Change In Field Strength Over 
Distance


• “Steepness” Of Magnetic Field


• Depicted in G/cm or T/m
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Plots & Graphs
Static Magnetic Field
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Plots & Graphs
Static Magnetic Field

MagnetVision Image Courtesy of Dr. Emanuel Kanal

B0 Magnetic Field Strength
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Plots & Graphs
Static Magnetic Field

MagnetVision Image Courtesy of Dr. Emanuel Kanal

Spatial Field Gradient
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Static Magnetic Field
Magnets / Magnetism / Magnetic Materials
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Static Magnetic Field
Magnets & Magnetism

• Poles

• Orbital Path (not ray)

• Flux Density
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Static Magnetic Field
Magnetic Poles

• Magnetic Energy Travels From One Magnetic Pole to The Other 
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Static Magnetic Field
Magnetic Orbital Path

• Magnetism takes an Orbital Path
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Static Magnetic Field
Magnetic Flux Density

• What We Measure As Field Strength Is The Density of Those Orbits
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Static Magnetic Field
Inverse-Square (X-2) Law?

• Simple Magnet (e.g., bar magnet) —> Inverse-Cube (X-3)

• Actively-Shielded MRI —> Inverse-Fifth (X-5)


• Simple Magnet Interacting With Actively-Shielded MRI

(X-5) + (X-3) = (X-8)


If Interaction Field Strength Is 100 Gauss at 1m, What Is It At 0.5m?

	 	 	 	 28 = 256	 	 	 	 256 x 100 Gauss = 2.56 Tesla
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Static Magnetic Field
Magnetic Materials

• Ferromagnetic / Paramagnetic / Diamagnetic

• Iron-Filings / Magnetic ‘Domains’


• Stainless Steel

• Ferritic

• Austinitic


• Materials Frequently Found in Implants

• Nitinol, 316L Stainless, Titanium Alloys (CP)
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Static Magnetic Field
Physical & Physiological Effects
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Static Magnetic Field
Physical Effects

• Torque / Rotation (Function of B0)

• Translation / Attraction (Primarily Function of SFG)

• Lenz Force (Faraday’s Law of Induction)
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Static Magnetic Field
Torque

• ‘Magnetizability’ of Object

• Length of Object

• Orientation of Object (relative to magnetic field)

• Vertical Field Magnets
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Static Magnetic Field
Torque - Magnetizability

• Anyone Who Has Played With Magnets 
Know Some Materials Are Magnetizable, 
Some Are Not.


• Torque Requires Magnetizable Materials

• Such As: Iron, Nickel, Cobalt (and many 

of their alloys)

• Not: Copper, Brass, Aluminum, Titanium

N

E

S

W
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Static Magnetic Field
Torque - Length

• The Longer (Less Sphere-Like) An Object Is, The More Torque It Can 
Produce
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Static Magnetic Field
Torque - Orientation to Mag Field

• The Iron Filings In This Photo Show Us The Lines of Force
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Static Magnetic Field
Torque - Bore Format Magnets
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Static Magnetic Field
Torque - Vertical Field Magnets
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Static Magnetic Field
Torque - Can You Multiply By Zero?

How		 	 	 	 	 How 		 	 	 	 	 	 Field

Magnetic?		 	 	 Elongated?	 	 	 	 Exposed?	X X
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Static Magnetic Field
Translation

• ‘Magnetizability’ of Object

• Length of Object

• Experienced Spatial Field Gradient (SFG)

• Orientation of Object (relative to magnetic field)

• Vertical Field Magnets
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Static Magnetic Field
Translation - Magnetizability

• Magnetic Saturation

• For Many Steel Materials, Saturation 

Achieved Very Quickly

• Once Saturation Achieved, Spatial Field 

Gradient (SFG) Main Driver of 
Translation.
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Static Magnetic Field

• What Does Static Field (often noted B0) Do To Long Objects?
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Static Magnetic Field
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Static Magnetic Field
Translation - Experienced SFG

• Translation (Attractive) Force 
Primarily Driven By 
Experienced SFG



Static Magnet Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Static Magnetic Field
Translation - Orientation (Bore Format Magnets)

• The More Gauss Lines An Object 
Crosses, The More Powerful The 
Attractive Force


• Torque Works To Create Maximum 
Translational Force Near Mouths Of 
Magnet


• Torque Works To Create Less 
Translational Force Along Sides Of 
Magnet
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Static Magnetic Field
Translation - Vertical Field Magnets

• Vertical Field (HFO) Magnets’ Attractive 
Forces Increase More Quickly Near 
Perimeter Of Magnets (Top & Bottom)
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Static Magnetic Field
Translation - Can You Multiply By Zero?

How		 	 	 	 	 Mass of		 	 	 Length of	 	 	 	 SFG

Magnetic?		 	 	 Object?		 	 	 Object?		 	 	 	 Experienced?X X X
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Static Magnetic Field
Lenz

• Electrical Conductivity of Object

• Size of Object

• Rate of Motion

• Spatial Field Gradient
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Static Magnetic Field
Lenz - Example

https://twitter.com/gunsnrosesgirl3/status/1542481509092933632
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Static Magnetic Field
Lenz - Faraday’s Law

• An Electrical Conductor Experiencing a Changing Magnetic Field Will 
Generate an Electric Voltage

• A Changing Electrical Current Will Generate a Magnetic Field
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Static Magnetic Field
Lenz - Electrical Conductivity

• Unlike Torque & Translation, Lenz’s Forces Don’t Need Magnetizable 
Materials.


• Electrical Conductivity Is The Key Ingredient

• Electrically Conductive Materials Include Titanium, Stainless Steel, 

Gold

• The Better Electrical Conductor, The ⤴ Potential Lenz’s Forces



Static Magnet Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Static Magnetic Field
Lenz - Size of Object

• To ⤴ Lenz’s Forces, Make The Object Bigger

• To ⤵ Lenz’s Forces, Make The Object Smaller
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Static Magnetic Field
Lenz - Rate of Motion

• To ⤴ Lenz’s Forces, Move The Object Faster

• To ⤵ Lenz’s Forces, Move The Object Slower
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Static Magnetic Field
Lenz - Spatial Field Gradient

• To ⤴ Lenz’s Forces, Move The Object Through Greater SFG

• To ⤵ Lenz’s Forces, Move The Object Through Smaller SFG
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Static Magnetic Field
Lenz Force - Can You Multiply By Zero?

Electrical	 	 	 	 	 Size of	 	 	 	 Rate of	 	 	 	 SFG

Conductivity?	 	 	 Object?		 	 	 Motion?	 	 	 Experienced?X X X
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Static Magnetic Field
Physiological Effects

• Inner-Ear Effects (vertigo, nystagmus)

• Flow Potential (ECG interference, S-T segment elevation)

• Magneto Hydrodynamic Effect (MHD)
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Static Magnetic Field
Inner-Ear Effects

• Ionic Fluid In Cochlea
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Static Magnetic Field
Flow Potential (ECG Disruption)

• Bloody Faraday’s Law

• Blood Is Charged (Electrically Conductive)

• Conductor Moving Through Magnetic Field?

• EKG is a Volt Meter

• Electrical Systole 

• Elevated S-T Segment
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Static Magnetic Field
Magneto Hydrodynamic Effect

• Bloody Lenz’s Force

• Blood Is Charged (Electrically Conductive)

• Conductor Moving Through Magnetic 

Field?

• What Does A Changing Electrical Current 

Generate?

• 3mm - 5mm Of Additional Mercury 

Column
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Static Magnetic Field
Ferromagnetic Detection
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Static Magnetic Field
Ferromagnetic Detection
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Static Magnetic Field
Ferromagnetic Detection

• Slightly Misnamed Technology —> 
Actually Magnetic Field Detectors


• Detect Changing Magnetic Fields 
Around Them

• Fields Originating From 

Magnetizable Objects
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Static Magnetic Field
Ferromagnetic Detection

• Sensitivity Region

• Exclude Sources of Interference 

(You, Step Back)

• Include Subject Being Screened 

(Get Them Close)

• Potentials For Environmental 

Triggers
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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 

mailto:TGilk@GilkRadiologyConsultants.com
https://twitter.com/tobiasgilk
http://www.facebook.com/groups/MRIsafety
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Time-Varying Gradients:
Effects / Volumes / Forces / Harms
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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— Me

“If you don’t know what you’re exposing a 
patient (or device) to, you can’t begin to 
perform an MR risk-assessment.”
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Recap & Advance

• When & Where

• Units & Measures

• Plots & Graphs

• Physical Effects

• Physiologic Effects

Time-Varying Gradients
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What Are They?

• Rapidly fluctuating magnetic field


• Changing 1,000s or 10s of 1,000s of times per second (in the human auditory 
range)

T̀ime-Varying Gradients
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Why?

• Because we only want data 
(signal) from one region (slice) at 
a time.


• Larmor Frequency

Time-Varying Gradients
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When & Where?

• Only during active imaging


• Only in the bore


• But not uniform throughout the bore

T̀ime-Varying Gradients
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Modes
Time-Varying Gradients

Normal Mode 

• 80% of Mean 
Perception Threshold

First Level Controlled 
Operating Mode* 

• 100% of Mean 
Perception Threshold

Second Level Controlled 
Operating Mode 

• Up To & Including Pain
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Amplitude - Slope - Slew

Amplitude 

• Single Factor (often mT)


• Max change to field

Slope 

• Two-Factor (T/m)


• Change to Field as a 
function of distance


• Steeper Slope =  
Thinner Slices

Time-Varying Gradients

Slew 

• Three-Factor (T/m/s)


• Captures All 3 Dynamic 
Elements of TVG
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Rise-Time & Rate of Change

Also… Rise-Time 

• Single-Factor (ms)


• Speed of Acquisition

Time-Varying Gradients

Rate 

• Two-Factor (T/s)


• Uses Max Values For 
Amplitude & Rise-Time
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Plots & Graphs
Time-Varying Gradients
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Plots & Graphs

MagnetVision Image Courtesy of Dr. Emanuel Kanal

Time-Varying Gradients
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Faraday’s Law of Induction
Time-Varying Gradients
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Faraday’s Law of Induction
Time-Varying Gradients

An electrical conductor exposed to a changing magnetic field will 
experience an induced electrical voltage. 
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Physical & Physiological Effects
Time-Varying Gradients
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Physical Effects

• High-Frequency Vibration

• Induced Voltages

Time-Varying Gradients
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High-Frequency Vibration
Time-Varying Gradients
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High-Frequency Vibration

• Remember Lenz Effect From Static Field Lecture?

• Needs Electrically Conductive Material 

• Doesn’t Have To Be (Ferro)Magnetic


• High-Frequency Vibration Is ‘Machine-Gun’ Version Of Lenz

Time-Varying Gradients
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High-Frequency Vibration

• What Makes TVG-Induced Vibration Stronger?

• Region of Stronger Gradients

• Better Electrical Conductor

• Larger Object


• What Makes Perception Stronger?

• More Sensitive Nervous Tissues

Time-Varying Gradients



Time-Varying Gradients:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Induced Voltages
Time-Varying Gradients
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Induced Voltages

• At TVG Amplitudes & Frequencies, Induced Voltages Are Most 
Similar to Neuroelectric Signal


• They Do Also Produce Heat, But No Record of Gradient Heat-
Caused Injuries

Time-Varying Gradients
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Physiological Effects

• Peripheral Nerve Stimulation (PNS)

• Direct Neuromuscular Stimulation

• Heating

Time-Varying Gradients
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Peripheral Nerve Stimulation (PNS)
Time-Varying Gradients
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Peripheral Nerve Stimulation (PNS)

• Why Is It ‘Peripheral’?

Time-Varying Gradients
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Peripheral Nerve Stimulation (PNS)

• What Does It Feel Like?

• Tingling

• ‘Creepy Crawlies’

• Buzzing / Shocking

• Metalic Taste

• Magnetophosphenes

Time-Varying Gradients
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Peripheral Nerve Stimulation (PNS)

• Can Increase All The Way To…

• Muscle Twitching

• Pain

Time-Varying Gradients
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Direct Neuromuscular Stimulation

“So if gradients can stimulate peripheral nerves, couldn’t they also 
stimulate nerves controlling organs, or even the central nervous 
system?”

Time-Varying Gradients

Yes, if MR systems allowed them to go that high. But they don’t.
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Direct Neuromuscular Stimulation

• Different nervous tissues have different tolerances for being activated 
by time-varying gradient magnetic fields.


• Sensory Organs

• Muscles

• Organ Systems (e.g. Heart, Diaphragm, Lungs, GI)

• Central Nervous System (e.g. Spine & Brain)

Time-Varying Gradients

Clinical MRI Systems

Can Only Go This Far
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Heating
Time-Varying Gradients
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Heating

• Can Add Modestly To Heating

• No Documented Patient Injury From Gradient-Induced Heating

• In Some Devices (Large, Flat) There May Be Gradient Limitations

Time-Varying Gradients
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The Problem With Leads

• Voxels Of Deposition

• Magnetism & Electricity: Conjoined Twins

• Insulation & ‘Who Is In The Driver’s Seat?’

Time-Varying Gradients
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Voxels Of Deposition

• MR System Controls Are Based On Exposure To Human Beings

• What Happens When There’s Something Other Than Human Tissues 

w/in Volume of Deposition?

Time-Varying Gradients
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The Conjoined Twin Conundrum

• Enters As Magnetism

• Encounters Good Electrical Conductor

• Switches To Electricity

Time-Varying Gradients
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Insulation & ‘Who Is In The Driver’s Seat?’

• Magnetism Passes Through Electrical Insulation

• Enters Lead (Designed To Be Electrically Conductive)

• Electricity In Driver’s Seat

• Can’t Exit Through Insulation

Time-Varying Gradients



Time-Varying Gradients:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Insulation & ‘Who Is In The Driver’s Seat?’

• Capped Leads May Exacerbate Problem

• Only Half As Many Ways Out

Time-Varying Gradients
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The Problem With Leaded Devices

• False Feedback

• Unintended Stimulation

Time-Varying Gradients
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False Feedback

• Devices That Monitor Neuroelectric Signal

• May Perceive Gradient-Induced 

Voltages As From Patient

• May Trigger Inappropriate 

Delivery of Therapy

Time-Varying Gradients
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Unintended Stimulation

• Gradient Energies Delivered To Organ

• May Deliver Unintended Stimulation 

Time-Varying Gradients
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How We Manage TVG Risks

• Positionally

• ScanWise

Time-Varying Gradients
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How We Manage TVG Risks

• Positionally

• If The Object Of Concern Is Receiving No Incident Gradient Energy 

(Consider Electrical Pathways), What Risk Is There


• We Can’t Control Spatial Distribution Of TVG Energies

Time-Varying Gradients
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How We Manage TVG Risks

• ScanWise

• Allows For Control Of Level Of Gradient Output

• Not Positionally Aware

Time-Varying Gradients
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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 

mailto:TGilk@GilkRadiologyConsultants.com
https://twitter.com/tobiasgilk
http://www.facebook.com/groups/MRIsafety
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Radio Frequency Magnetic 
Fields:
Effects / Volumes / Forces / Harms
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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Outline
Radio Frequency Magnetic Fields

• Intro


• Fields / Distributions 


• SAR / SED / B1+RMS


• Levels & Labeling


• Heating & Burns


• Implant Scenarios


• Q & A
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— Me

“If you don’t know what you’re exposing a 
patient (or device) to, you can’t begin to 
perform an MR risk-assessment.”
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Recap & Advance

• When & Where

• Units & Measures

• Plots & Graphs

Radio Frequency (RF) Magnetic Fields
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What Are They?

• Rapidly fluctuating magnetic field


• Changing 1,000,000s of times per second (Hz)

R̀adio Frequency (RF) Magnetic Fields
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Why?

• Because we need to energize 
materials, first, to get signal out of 
them we can read


• Larmor Frequency

Radio Frequency (RF) Magnetic Fields
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When & Where?

• Only during active imaging


• Only in the bore


• But not uniform throughout the bore

R̀adio Frequency (RF) Magnetic Fields
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Modes
Radio Frequency (RF) Magnetic Fields

Normal Mode 

• ≦ 2.0 W/kg 
Whole Body Averaged 
(WBA) 
SAR

First Level Controlled 
Operating Mode* 

• ≦ 4.0 W/kg 
Whole Body 
Averaged (WBA) 
SAR

Second Level Controlled 
Operating Mode 

• Whatever Your System 
Can Produce
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Modes
Radio Frequency (RF) Magnetic Fields
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Modes
Radio Frequency (RF) Magnetic Fields
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SAR - SED - B1+RMS

SAR (W/kg) 

• Rate of delivered RF 
energy


• Think of it as the RF 
speedometer


• Averaged across body 
mass

SED (kJ/kg) 

• Total quantity of 
delivered RF energy


• Think of it as the RF 
odometer


• Also averaged across 
body mass

B1+RMS (µT) 

• Total delivered magnetic 
field energy


• Not averaged across 
body mass

Radio Frequency (RF) Magnetic Fields
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Quadrature / Circularly Polarized (CP)

Quadrature = Circularly Polarized 

• Method of delivering RF energy by energizing 
RF transmit coil elements one at a time (typically 
following a four-step circular path)


• Linearly Polarized or RF Shimming are not 
Quadrature or CP

Radio Frequency (RF) Magnetic Fields
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Plots & Graphs
Radio Frequency (RF) Magnetic Fields
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Plots & Graphs
Radio Frequency (RF) Magnetic Fields
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Plots & Graphs

MagnetVision Image Courtesy of Dr. Emanuel Kanal

Radio Frequency (RF) Magnetic Fields



RF Magnetic Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

Plots & Graphs

MagnetVision Image Courtesy of Dr. Emanuel Kanal

Radio Frequency (RF) Magnetic Fields
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Plots & Graphs
Radio Frequency (RF) Magnetic Fields
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Limitations of SAR
Radio Frequency (RF) Magnetic Fields
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Limitations of SAR
Radio Frequency (RF) Magnetic Fields

5 kg 200 kg

@ 2 W/kg @ 2 W/kg
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Limitations of SAR
Radio Frequency (RF) Magnetic Fields

5 kg 200 kg

@ 2 W/kg x 5 kg = 10 W @ 2 W/kg x 200 kg = 400 W
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Faraday’s Law of Induction
Radio Frequency (RF) Magnetic Fields
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Faraday’s Law of Induction

An electrical conductor exposed to a changing magnetic field will 
experience an induced electrical voltage. 

Radio Frequency (RF) Magnetic Fields
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Faraday’s Law of Induction

Time-Varying Gradients

1,000’s of times per second

Radio Frequency (RF) Magnetic Fields

RF Magnetic Fields

1,000,000’s of times per second
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Physical & Physiological Effects
Radio Frequency (RF) Magnetic Fields
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Physical Effects

• Induced Voltages

• Heating

Radio Frequency (RF) Magnetic Fields
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Induced Voltages

• At RF Amplitudes & Frequencies, Induced Voltages Are Mostly 
‘Transparent’ (Very Little Direct Physiologic Effect)


• But They Also Produce Heat… Lots Of Heat

Radio Frequency (RF) Magnetic Fields
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Burns

There are three most-common ways for RF power to create a burn…


• Near-Field / Proximity Burn


• Large-Calibre Body Loop


• Resonant Circuit

Radio Frequency (RF) Magnetic Fields
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Burns

• The Following Images May Be Upsetting

Radio Frequency (RF) Magnetic Fields
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Burns (1st & 2nd Degree)
Radio Frequency (RF) Magnetic Fields
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Burns (3rd Degree)
Radio Frequency (RF) Magnetic Fields
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Burns (4th Degree
Radio Frequency (RF) Magnetic Fields
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Physical / Physiologic Effects
Radio Frequency (RF) Magnetic Fields

• Diffuse Thermal Loading 
	(What SAR Is Actually Good At…)


• Focal Heating
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Physical / Physiologic Effects
Radio Frequency (RF) Magnetic Fields
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Physical / Physiologic Effects
Radio Frequency (RF) Magnetic Fields
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Physical / Physiologic Effects
Radio Frequency (RF) Magnetic Fields
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Why SED Is Dumb…
Radio Frequency (RF) Magnetic Fields

14,400 
J/kg
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The Problem With Leads

• Voxels Of Deposition

• Magnetism & Electricity: Conjoined Twins

• Insulation & ‘Who Is In The Driver’s Seat?’

Radio Frequency (RF) Magnetic Fields
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Voxels Of Deposition

• MR System Controls Are Based On Exposure To Human Beings

• What Happens When There’s Something Other Than Human Tissues 

w/in Volume of Deposition?

Radio Frequency (RF) Magnetic Fields
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The Conjoined Twin Conundrum

• Enters As Magnetism

• Encounters Good Electrical Conductor

• Switches To Electricity

Radio Frequency (RF) Magnetic Fields
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Insulation & ‘Who Is In The Driver’s Seat?’

• Magnetism Passes Through Electrical Insulation

• Enters Lead (Designed To Be Electrically Conductive)

• Electricity In Driver’s Seat

• Can’t Exit Through Insulation

Radio Frequency (RF) Magnetic Fields
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Insulation & ‘Who Is In The Driver’s Seat?’

• Capped Leads May Exacerbate Problem

• Only Half As Many Ways Out

Radio Frequency (RF) Magnetic Fields
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Current Back To Pulse Generator

• Devices With Leads

Radio Frequency (RF) Magnetic Fields
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Current To Organ / Structure

• Devices With Leads

Radio Frequency (RF) Magnetic Fields
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“Think Like An Electron”

• Because Of Faraday’s Law, RF Energy In Patient Tissues Wants To 
Behave Like Electricity…

• ⤴ Electrical Conductors = ⤴ Paths (Path of Least Resistance)

• Path To Form A Circle… I Mean Circuit

Radio Frequency (RF) Magnetic Fields
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“Think Like An Electron”

• Large Caliber Body Loops

Radio Frequency (RF) Magnetic Fields
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“Think Like An Electron”

• Electrically Conductive Materials

Radio Frequency (RF) Magnetic Fields
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“Think Like An Electron”

• Resonant Circuit

Radio Frequency (RF) Magnetic Fields
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“Think Like An Electron”

• Resonant Circuit

• ‘Worst Case’ Lengths For Linear Conductors = 1/2 Wavelength

• 3.0 T  -  12 - 15 cm

• 1.5 T  -  25 - 30 cm

Radio Frequency (RF) Magnetic Fields

• 1.0 T  -  37 - 45 cm  
• 0.55 T  -  67 - 82 cm  
• 0.064 T  -  5.75 - 7.0 m  

i.e. Siemens Max

i.e. Hyperfine Swoop



RF Magnetic Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

“Think Like An Electron”

• Resonant Circuit

• 1.5 T

Radio Frequency (RF) Magnetic Fields
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“Think Like An Electron”

• Resonant Circuit

Radio Frequency (RF) Magnetic Fields

https://link.springer.com/content/pdf/10.1186/1475-925X-7-11.pdf



RF Magnetic Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

“Think Like An Electron”
Radio Frequency (RF) Magnetic Fields

https://link.springer.com/content/pdf/10.1186/1475-925X-7-11.pdf

• 1.5 T


15 cm

25 cm

45 cm



RF Magnetic Fields:  Effects / Volumes / Forces Harms2023 Dubai Advanced MRI Safety Seminar

“Think Like An Electron”

• Resonant Circuit

• ‘Worst Case’ Lengths For Linear Conductors = 1/2 Wavelength

• 3.0 T  -  12 - 15 cm

• 1.5 T  -  25 - 30 cm

Radio Frequency (RF) Magnetic Fields

• 1.0 T  -  37 - 45 cm  
• 0.55 T  -  67 - 82 cm  
• 0.064 T  -  5.75 - 7.0 m  
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“Think Like An Electron”
Radio Frequency (RF) Magnetic Fields

• DBS (bilateral)

• One extended lead

• L-Spine Study
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How We Manage RF Risks

• Positionally

• “Collimation” (Local T/R Coil Use)

• RF Settings

Radio Frequency (RF) Magnetic Fields
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How We Manage RF Risks

• Positionally

• If The Object Of Concern Is Wholly Outside The RF Body Coil 

Transmitter & Receiving No Incident RF Energy (Consider Electrical 
Pathways), What Risk Is There?

Radio Frequency (RF) Magnetic Fields
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How We Manage RF Risks

• Padding

• Patient From Bore Wall (Body Coil)

• Patient From Own Tissues

• Patient From Electrical Conductors

Radio Frequency (RF) Magnetic Fields
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How We Manage RF Risks

• “Collimation”

• If You Can Limit The Volume Of RF Irradiation By Using A Local T/R 

Coil…

Radio Frequency (RF) Magnetic Fields
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How We Manage RF Risks

• RF Settings

• If You Can ‘Dial-Back’ SAR / B1+RMS To Acceptable Values  

(For Both Heating Risk & Image Quality…)

Radio Frequency (RF) Magnetic Fields
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How We Manage RF Risks

• ScanWise (Philips)

• Allows For Control Of Level Of RF Output

• Not Positionally Aware


• MR Output Conditioning (MROC)

Radio Frequency (RF) Magnetic Fields
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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 

mailto:TGilk@GilkRadiologyConsultants.com
https://twitter.com/tobiasgilk
http://www.facebook.com/groups/MRIsafety
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Tobias Gilk - Sept 23, 2022

Deciphering  
MR Conditional Labeling
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Tobias Gilk,  
MRSO, MRSE

• Past Member ACR MRI 
Safety Committee


• Contributing Author 2007, 
2019 & 2020 ACR MRI 
Safety Guidance


• Founding Board Member / 
Past Chair ABMRS


• International Trainer on MRI 
Safety
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ABMRS Content Disclosure

This presentation is not sponsored by or affiliated with the 
American Board of Magnetic Resonance Safety (ABMRS). 


As a member of the the Board of the ABMRS, I am prohibited from 
speaking on specific examination question content, but permitted 
to provide education on MRI safety concepts and principles.


This presentation is not an exam preparation for any examination.
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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Outline
Deciphering MR Conditional Labeling

• Intro


• MR Conditional Labeling / Conditions 


• How Devices Are Tested 


• Violating MR Conditional Status


• Unlabeled Devices / Foreign Bodies


• “Off-Label” ≠ Unsafe (‘It’s All About Harm’)


• Q & A
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What exactly did the FDA approve?
What Does “FDA Approved” Mean?
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What exactly did the FDA approve?
What Does “FDA Approved” Mean?

• Drug / device meets minimum criteria for efficacy?


• Drug / device meets minimum criteria for safety?
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What exactly did the FDA approve?
What Does “FDA Approved” Mean?

https://www.hudson.org/research/7264-fda-approval-does-not-mean-what-you-think-it-does-
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What Are “MR Conditional / MR Safe / MR Unsafe”?
How To Read MR Conditional Labels
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Manufacturer-Assured Safety When All Stated Conditions Are Met.
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What is ‘Conditionality’?
How To Read MR Conditional Labels

• “Up to” vs. “At”


• Electromagnetic Fields


• Assemblies vs. Lone Objects


• Device Functionality
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What is ‘Conditionality’?
How To Read MR Conditional Labels

“Up to” vs. “At”


• All MR Conditional Conditions ‘Up To’ For All Risks  
Except Focal Heating (Burns)


• Field Strength In MR Conditional Labeling Two Separate Risks:

• Torque (‘Up To’)

• RF Frequency For Resonant Circuit Heating (‘At’)
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Electromagnetic Fields


• Most of MR Conditional Labeling Parameters Are Based On 
Controlling Exposure To Electromagnetic Fields

• By Position (e.g., ’Center Above / Below’)

• By Setting (e.g., ’no more than 2 W/kg or 150 T/m/s’)

• By Coil (e.g., ’T/R knee coil’)
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Assemblies vs. Lone Objects


• Many MR Conditional Implants Aren’t Lone Objects, But Rather 
Assemblies:

• Plates & Screws

• Pulse Generator & Lead-Set


• If Assembly Hasn’t Been Tested Together, Shouldn’t Be Labeled.
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Device Functionality


• MR May Affect Device Function:

• Shunt Valve Position

• Implanted Medication Pumps

• ‘MR Mode’ For Pacemakers / Neurostimulators

• ECG Readouts
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Static Magnetic Field (1 of 2) - Torque / Rotation


• ‘Up To’ System Rating (For Torque)

• What The System Is Sold As (e.g., 1.5T, 3.0T) 

• Not The Specific Exposure Of The Device  

(Even If The Exposure Is Greater Than The Listed Value)
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What is ‘Conditionality’?
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Spatial Field Gradient - Translation / Attraction


• ‘Up To’ Exposure Value (T/m, G/cm)

• Not System Max. What Device Will Be Exposed To.
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What is ‘Conditionality’?
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Time-Varying Gradient - Neuromuscular Stim / Device Interference


• ‘Up To’ Exposure Value (T/m/s)

• Not System Max (If Your System Allows TVG Controls). What Device 

Will Be Exposed To.

• May Be Managed By Setting (e.g., ‘Slew Rate ≦ 150 T/m/s’)

• May Be Managed By Position (e.g., ‘Landmark Above / Below x’)


• If System Doesn’t Allow TVG Controls…
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What is ‘Conditionality’?
How To Read MR Conditional Labels

RF Magnetic Fields (1 of 2) - Diffuse Thermal Loading


• ‘Up To’ Pulse Sequence Setting (Whole Body Averaged SAR)

• May Be Managed By:


• Pulse Sequence Setting

• Smaller Transmit Volume (Local T/R Coils)
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What is ‘Conditionality’?
How To Read MR Conditional Labels

“What’s the center frequency of your MR system?”
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What is ‘Conditionality’?
How To Read MR Conditional Labels

RF Magnetic Fields & Static Magnetic Field (2 of 2)  
- Focal Heating (Burns) Specifically From Resonant Circuit Effects


• ‘At’ Field Strength (Really Frequency)

• May Be Managed By:


• Position Within Bore (e.g., ‘Route Cable Along Central Z-Axis’)

• Position Outside Volume of Deposition (e.g., ‘Above / Below x’)

• Pulse Sequence (e.g., ‘SAR ≦ 0.5 W/kg’)
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator 

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)

• ‘Up To’ Highest System 
Rating For Torque


• But ‘At’ 1.5 or 3.0 T For  
Resonant Circuit Heating
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)

• ‘Up To’ 9 T/m Device  
Exposure For Attraction
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)

• ‘Up To’ Normal Mode 
Console Readout  
RF Heating

• ‘Up To’ 15 Minutes 
Per Pulse Sequence 
(default)
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)

• ‘Up To’ 2 µT Console  
Readout RF Heating



Deciphering MR Conditional Labeling2023 Dubai Advanced MRI Safety Seminar

What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)

“AND” / “OR”

• But Which To Use 
When Both Are Listed?



Deciphering MR Conditional Labeling2023 Dubai Advanced MRI Safety Seminar

What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)
• ‘Up To’ 150 T/m/s  

Console Readout 
For Stim / Voltage
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What is ‘Conditionality’?
How To Read MR Conditional Labels

“Just Follow The Label, Right?”
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What is ‘Conditionality’?
How To Read MR Conditional Labels

Acme Buzz-O-Matic Neurostimulator

Static Magnetic Field 1.5 or 3.0 Tesla

Spatial Field Gradient 9 T/m (900 G/cm)

SAR Normal Operating Mode 
(up to 15 minutes)

B1+RMS 2 µT at 1.5 T

Time-Varying Gradient 150 T/m/s (150 mT/m/ms)

• ‘Up To’ Highest System 
Rating For Torque


• But ‘At’ 1.5 or 3.0 T For  
Resonant Circuit Heating

• ‘Up To’ 9 T/m  Device  
Exposure For Attraction

• ‘Up To’ 15 Minutes 
Per Pulse Sequence 
(default)

• ‘Up To’ 2 µT Console 
Readout RF Heating

• ‘Up To’ 150 T/m/s 
Console Readout  
For Stim / Voltage

• ‘Up To’ Normal Mode 
Console Readout  
RF Heating
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How Are They Tested?
How MR Conditional Labels Are Written

• Manufacturer Defines Test Parameters

• They Then Test (or contract-out testing)

• Manufacturer Reviews Test Data  

(& Decides On Whatever Parameters They Wish For FDA Submittal)

• FDA Reviews


• Approves, or

• Requests Supporting Data For Claims, or

• Rejects
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How Are They Tested?
How MR Conditional Labels Are Written

• Testing / Labeling Is Not Required To Indicate Safe Limits / 
Thresholds


• Manufacturer’s Can Build-In Whatever Safety Margins They Choose 
To
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How Are They Tested?
How MR Conditional Labels Are Written

• I Worked With A Manufacturer On Relabeling Their Device With A 
Greater Spatial Field Gradient Value (extrapolated).


• When the Manufacturer Sent Me A Courtesy Copy Of Their Draft FDA 
Application, I Discovered A Math Error. They Were Applying For 
Labeling ~65% Of What The Calculation Said They Could.


• Attorneys / Risk-Management Said It Wasn’t Worth Correcting For The 
FDA.
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What If We Go Beyond / Outside MR Conditional Terms?
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What If We Go Beyond / Outside MR Conditional Terms?
How MR Conditional Labels Are Written

• If You Violate Even 1 Of 20 MR Conditional Conditions, That Scan Is 
‘Off-Label’


But…


• If You Know How To Identify MRI Risks & How To Break-Down MR 
Conditional Labeling, You Can Make Many Safety Deductions Even If 
You Go Outside MR Conditional Conditions
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“This Device Not Tested For MR Safety”
What About Devices (FBs) With No Labels?
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“This Device Not Tested For MR Safety”
What About Devices (FBs) With No Labels?

• Just Because It Hasn’t Been Manufacturer Tested Doesn’t Mean You 
Can’t Make Safety Assessments

• Published Studies

• Exposure Analysis (i.e., ‘to what will it be exposed?’)

• Applying Standards (e.g., ‘FDA 2 cm standard’)

• Materials Analysis (e.g., ‘are the materials ferromagnetic?’)
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It Means No Manufacturer Guidance
“Off-Label” ≠ Unsafe
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It Means No Manufacturer Guidance
“Off-Label” ≠ Unsafe

• When Manufacturer MRI Safety Is Not Provided,  
A Site May Operate Under The Presumption That Unlabeled / Off-
Label Imaging Is Unsafe, But MR Unsafe Is A Known Condition… 
Not An Unknown One.


• Yes, Some Off-Label Conditions Are Dangerous, But Just Because 
It’s Unlabeled / Off-Label Does Not Automatically Mean That All MR 
Imaging Is Dangerous.
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MRI Hippocratic Oath: First Find The Harm, Then Avoid It
It’s All About The Harm

• Risk vs. Benefit Requires That You Identify & Characterize The Risks


• In Identifying The Specific Risks, You Also Define What Is In Your 
Control / Outside Of Your Control To Manage


• If You Can Not Identify Specific Risks / Harms, You’re Making 
Decisions Out Of Ignorance, Not Information
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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 

mailto:TGilk@GilkRadiologyConsultants.com
https://twitter.com/tobiasgilk
http://www.facebook.com/groups/MRIsafety
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What It Means To Go ‘Off-Label’
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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.
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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.
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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.
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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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2023 Dubai Advanced MRI Safety Seminar Going ‘Off-Label’

Working From MR Conditional Labeling
Tools For Quantifying Risk & Categorizing Devices
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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
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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
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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
e
a
l
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y
 

C
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No

R
e
a
l
i
t
y
 

C
h
e
c
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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?
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Going ‘Off-Label’ Can Be Best Practice
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Going ‘Off-Label’ Can Be Best Practice

• IV Valium & Status Epillepticus
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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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TGilk@GilkRadiologyConsultants.com 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www.facebook.com/groups/MRIsafety 
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Gadolinium-Based Contrast 
Agents
(GBCA)
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Outline
Gadolinium-Based Contrast Agents (GBCAs)

• Intro


• How GBCAs work


• Chelate Structures & Bonds


• NSF, Toxicity, Retention


• GBCAs in Pregnant / Pediatric Populations


• Q & A
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How GBCAs Work
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How GBCAs Work

• GBCAs change the relaxivity properties of water molecules near 
contrast molecules.


• Greater separation, over time, between water and other signal.
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Chelate Structures & Bonds
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Chelate Structures & Bonds

We Don’t Inject Gadolinium…

• Raw Gadolinium is a heavy metal & highly toxic

• We pair the Gd ion with another molecule to make it biologically inert

• Different chelates / ligands give the GBCA different attributes

• Relaxivity

• Stability
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Bonds
Chelate Structures & Bonds

• Ionic

• Non-Ionic
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Structure
Chelate Structures & Bonds

• Linear

• Macrocyclic
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Stability
Chelate Structures & Bonds

Linear - Ionic Macrocyclic - Ionic

Linear - Non-Ionic Macrocyclic - Non-Ionic

ST
RO

N
G
ER

STRONGER
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New US FDA-Approved Agents September, 2022
Chelate Structures & Bonds! MRI Sponsored by Fujifilm Healthcare Americas

" # $ % & '
Guerbet gets FDA approval for Elucirem lower-dose MRI contrast
By Brian Casey, AuntMinnie.com staff writer

September 22, 2022 -- Contrast agent developer Guerbet has received approval from the U.S.
Food and Drug Administration (FDA) for Elucirem (gadopiclenol), a new MRI contrast agent the
company is developing in collaboration with Bracco.

Elucirem is a high-relaxivity macrocyclic gadolinium-based contrast agent (GBCA) that was
developed with the goal of allowing radiology practices to use half the gadolinium dose of existing
GBCAs. The product is designed to address ongoing concerns about gadolinium exposure in
patients and has been designed with two sites for water molecule exchange to increase relaxivity
and contrast, according to Guerbet.

Indications for the agent include detection and visualization of lesions with abnormal vascularity in
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Guerbet gets FDA approval for Elucirem lower-dose MRI contrast https://www.auntminnie.com/index.aspx?sec=sup&sub=mri&pag=dis&...
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New US FDA-Approved Agents September, 2022
Chelate Structures & Bonds
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What Do GBCAs Do?
Chelate Structures & Bonds

It increases visual contrast.

… computers can detect contrast at lower levels than the human eye, 
so does our future suggest AI-enhanced contrast displays with 
markedly lower doses?
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NSF, Toxicity, Retention
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Nephrogenic Systemic Fibrosis
NSF, Toxicity, Retention

In 2005 - 2006 we ‘discovered’ Nephrogenic Systemic Fibrosis.

A syndrome of symptoms linked to patients who had received GBCAs.

Symptoms included painful hardening of skin and organs.

Was originally believed to only occur in patients with very poor renal 
function.                Though we have a small number of NSF cases without clear 
evidence of poor renal function.
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Nephrogenic Systemic Fibrosis
NSF, Toxicity, Retention

In 2007 the US FDA started grouping agents based on NSF association

Group 1


Magnevist

Omniscan

Optimark

Group 2


Gadovist

Multihance

Prohance

Dotarem / Clarisan

Group 3


Ablavar 

Eovist / Primavist

Elucerim / Vueway

(L-I)

(L-NI)

(L-NI)

(M-NI)

(L-I)

(M-NI)

             (M-I)

            (M-NI)

(L-I)

(L-I)
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Sub-NSF Toxicity
NSF, Toxicity, Retention
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Sub-NSF Toxicity
NSF, Toxicity, Retention

• In 2016 Semelka et al describe ‘Gadolinium Deposition Disease’

https://mriquestions.com/uploads/3/4/5/7/34572113/gd_emelka_jrmi.pdf
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Sub-NSF Toxicity
NSF, Toxicity, Retention

• GDD / Gadolinium Toxicity is not formally recognized as a disease.
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Benign GBCA Retention
NSF, Toxicity, Retention

We used to think all GBCA was excreted.

It’s not.


Some GBCA from every agent may be retained, indefinitely…

producing enhancement in regions where it collects.
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Benign GBCA Retention
NSF, Toxicity, Retention

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Benign GBCA Retention
NSF, Toxicity, Retention

Since small quantities of GBCA will remain / reside in patients, stability 
of the the agent is of significant importance.

Stability of Gadolinium-Based Magnetic Resonance Imaging Contrast 
Agents in Human Serum at 37°C

Frenzel et al

https://journals.lww.com/investigativeradiology/Abstract/2008/12000/
Stability_of_Gadolinium_Based_Magnetic_Resonance.1.aspx

https://journals.lww.com/investigativeradiology/Abstract/2008/12000/Stability_of_Gadolinium_Based_Magnetic_Resonance.1.aspx
https://journals.lww.com/investigativeradiology/Abstract/2008/12000/Stability_of_Gadolinium_Based_Magnetic_Resonance.1.aspx
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Renal Function Testing
NSF, Toxicity, Retention

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Renal Function Testing
NSF, Toxicity, Retention

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Renal Function Testing
NSF, Toxicity, Retention

https://www.guerbet.com/en-us/products-solutions/contrast-agents/dotarem-gadoterate-meglumine-injection
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GBCAs In Pregnant / Pediatric Populations
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

• Gadolinium Based Contrast Agents cross the placenta

• Once fetal kidneys are functional, GBCA will deposit in amniotic fluid
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

Association Between MRI Exposure During Pregnancy and Fetal and Childhood Outcomes

Ray et al

https://jamanetwork.com/journals/jama/article-abstract/2547756
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

Association Between MRI Exposure During Pregnancy and Fetal and Childhood Outcomes

Ray et al

https://jamanetwork.com/journals/jama/article-abstract/2547756
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Pregnant Patients
GBCAs In Pregnant / Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Breastfeeding Patients
GBCAs In Pregnant / Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Breastfeeding Patients
GBCAs In Pregnant / Pediatric Populations

https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
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Pediatric Patients
GBCAs In Pregnant / Pediatric Populations

• The ACR & US FDA offer no specific guidance on GBCAs in pediatric 
populations.


• They defer to GBCA Manufacturer IFU
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Anthropogenic Gadolinium Exposure
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Anthropogenic Gadolinium Exposure

https://reader.elsevier.com/reader/sd/pii/S0043135420305030
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Anthropogenic Gadolinium Exposure

https://reader.elsevier.com/reader/sd/pii/S0043135420305030
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Q&A
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MRI: Pregnancy, & Pediatrics
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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Outline
MRI: Pregnancy & Pediatrics

• Intro


• Pregnancy Risks To MRI Patients


• Pregnancy Risks To Healthcare Workers


• Pediatric Population MRI Risks


• Pediatric Population MRI Safety Advantages


• Q & A
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Non Contrast
Pregnancy Risks To MRI Patients

MRI is

• Non carcinogenic 

• Non mutinogenic 

• Produces no lasting physiologic effects of any kind



2023 Dubai Advanced MRI Safety Seminar MRI: Pregnancy & Pediatrics

Non Contrast
Pregnancy Risks To MRI Patients

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf
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Non Contrast
Pregnancy Risks To MRI Patients

It’s worth noting that ACR Guidance on MRI for pregnant patients…


• Used to contain addition concern regarding imaging in 1st trimester

• First trimester concerns were removed from guidance because:

• Majority of MRI studies of pregnant patients occur in 1st trimester 

(often before the patient is aware of the pregnancy)

• No evidence in literature / research of any increased risk in 1st 

trimester
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Non Contrast
Pregnancy Risks To MRI Patients

So if there are no known adverse effects…


• There is no ethical way to perform randomized controlled trials on 
pregnant patients


• There are small, individualized studies that appear to show small 
risks, in narrow timeframes within pregnancy… but without 
confirmed results
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Non Contrast
Pregnancy Risks To MRI Patients

So we reduce even possible risks…


• Is MRI the best non-ionizing modality to obtain the diagnosis?

• Is the exam timely?

• Will the clinical information inform care during the pregnancy?


• Reduce field strength exposure (if there’s not a clear benefit from 
higher fields).


• Reduce energies (scan in Normal Mode)
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Non Contrast - Consent?
Pregnancy Risks To MRI Patients

Do you obtain ‘informed consent’ to provide MRI for pregnant patients?


Informed Consent

• What are the identified additional / peculiar risks of a study

• What are the alternative options (pros & cons)

• What are the risks of not having the study

• Opportunity to discuss risks : benefits with physician
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Pregnancy Risks To Healthcare Workers

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf
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Pregnancy Risks To Healthcare Workers

Using our ‘exposure model’ of MRI risk, if the pregnant healthcare 
worker can be in the MRI scanner room -except when active imaging- 
what field exposures does this guidance feel are not meaningful 
concerns?


• Static Magnetic Fields

• Time-Varying Gradients

• RF Fields
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Pregnancy Risks To Healthcare Workers

Static Magnetic Field Time-Varying Gradient RF Magnetic Field
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Pregnancy Risks To Healthcare Workers

https://pubs.rsna.org/doi/10.1148/radiology.187.2.8475280

Survey of reproductive health among female MR workers
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Pediatric Population MRI Risks

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf
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Sedation / Anesthesia Guidance
Pediatric Population MRI Risks

http://www.asahq.org/~/media/sites/asahq/files/public/resources/standards-guidelines/practice-advisory-on-anesthetic-care-for-magnetic-resonance-imaging.pdf
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Sedation / Anesthesia Guidance
Pediatric Population MRI Risks

Do you feel that anesthesia (or other allied clinical services) are among 
the biggest risks in your MRI suites?
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Pediatric Population MRI Risks

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf
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Screening Issues
Pediatric Population MRI Risks

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf
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Screening Issues
Pediatric Population MRI Risks

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf



2023 Dubai Advanced MRI Safety Seminar MRI: Pregnancy & Pediatrics

Pediatric - Specific Implants / Devices
Pediatric Population MRI Risks

PRECISE Telescoping Intramedullary Rod System MAGEC Telescoping Spinal Implant
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Pediatric Population MRI Safety Advantages

Smaller habitus

• Likely naturally further away from both RF and gradient transmitters

• Smaller mass means less total absorbed energies
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Pediatric Population MRI Safety Benefits

• TEXT

• TEXT
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Pediatric Population MRI Safety Advantages

Newborns / Neonates

• Can’t vaso-constrict

• Shed heat, uncontrollably

• Less likely to have ‘overheating’ concerns
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Pediatric Population MRI Safety Benefits

• TEXT

• TEXT
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Q&A
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Physical Environment MRI 
Safety
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Tobias Gilk,  
MRSO, MRSE

• Past Member ACR MRI 
Safety Committee


• Contributing Author 2007, 
2019 & 2020 ACR MRI 
Safety Guidance


• Founding Board Member / 
Past Chair ABMRS


• International Trainer on MRI 
Safety
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ABMRS Content Disclosure

This presentation is not sponsored by or affiliated with the 
American Board of Magnetic Resonance Safety (ABMRS). 


As a member of the the Board of the ABMRS, I am prohibited from 
speaking on specific examination question content, but permitted 
to provide education on MRI safety concepts and principles.


This presentation is not an exam preparation for any examination.
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Rules of the Road

• Everything on the screen is for you (you can copy or take photos).


• If you have questions, ask!


• If you disagree, please speak up.
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Outline
Physical Environment MRI Safety

• Intro


• Magnetic Field Reach


• Zones


• Cryogen Safety


• Novel MRI Systems


• Q & A
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Magnetic Field Reach
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Static Field
Magnetic Field Reach

• In Construction, many construction materials do not contain 
magnetic fields.


• Steel structures will interact with magnetic fringe field, reshaping it.


• Steel structures can become magnetized, or ‘magnetically 
contaminated’, which can affect future functions in the space.
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Static Field
Magnetic Field Reach
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9 Gauss (0.9 mT) is the new 5 Gauss (0.5 mT)
Magnetic Field Reach

• Last month the IEC changed the standard for static field safety for 
unscreened persons from 5 Gauss (0.5 mT) to 9 Gauss (0.9 mT)


• IEC governs manufacture of MRI equipment, but this change has 
obvious implications for all existing MRIs


• US FDA does not have independent safety standard… they reference 
IEC


• I understand EU regulation references ICNIRP, so perhaps more steps
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9 Gauss (0.9 mT) is the new 5 Gauss (0.5 mT)
Magnetic Field Reach
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Zones
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What They Are
Zones

• Zones are MRI-specific hazard areas, going sequentially from ‘No 
Risk’ to ‘Maximum Risk’


• Zone 1 - No MRI Function. No MRI-specific Risk.

• Zone 2 - MRI Function. No MRI-specific Risk.

• Zone 3 - MRI Function. Moderate MRI-specific Risks.

• Zone 4 - MRI Scanner Room. Extreme Possible MRI-Specific Risks
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What They Are
Zones

• Zones often shown on 
floor plan, associated 
with rooms


• Zone 4 is the only zone 
defined as a specific 
room
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What They Are
Zones

• MRI Hazard Designations
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Zones
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What They Are
Zones
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Signage
Zones
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Signage
Zones

• TEXT

• TEXT
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Signage
Zones
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Door to Zone 4
Zones

• Door to Zone 4 is the  
absolute last chance to catch 
hazard items 
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Door to Zone 4
Zones
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Door to Zone 4
Zones

https://www.acr.org/-/media/ACR/Files/Radiology-Safety/MR-Safety/Manual-on-MR-Safety.pdf
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Tethers
Zones
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Tethers
Zones
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Designs That Make MRI Less Safe
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Designs That Make MRI Less Safe
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Cryogen Safety
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Cryogens and Superconductivity
Cryogen Safety

• MRIs Are Electromagnets


• Superconductivity reduces electrical consumption  
(reduces operational cost)


• Superconductivity only available at super-cold temperatures


• Liquid Helium boiling temperature -269° C
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Quench vs. EPO
Cryogen Safety

• Superconducting MRI Systems Typically Have 2 Emergency 
Features…


• Emergency Power Off (EPO)


• Quench Button
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Cryogen Safety

• A Large Majority of MRI Systems Are Superconducting & Require 
Cryogens


• A Few Newer Superconducting Magnets Do NOT Require Quench 
Pipes


• The Following Relates To Systems WITH Quench Pipes
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Cryogen Safety
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Cryogen Safety
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Cryogen Safety
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Cryogen Safety
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Cryogen Safety
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Magnet Room Door Swing
Cryogen Safety

• I was one of the loudest voices demanding out-swinging MRI room 
doors (in the 90’s / early 00’s)


• This was when most RF doors were ‘finger’ or ‘friction-fit’ doors


• Hospital design standards increased requirements for latching doors


• MRI manufacturers began recommending / requiring passive 
pressure relief systems
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Magnet Room Door Swing
Cryogen Safety

https://www.cfm.va.gov/til/dGuide/dgImaging.pdf
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Magnet Room Door Swing
Cryogen Safety

https://www.cfm.va.gov/til/dGuide/dgImaging.pdf
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Magnet Room Door Swing
Cryogen Safety
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If Your Magnet Has A Quench Pipe…
Cryogen Safety

… The scanner room should also have


• An Exhaust Fan

• An Overpressure Relief
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Novel MRI Systems
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Novel MRI Systems
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Pediatric Population MRI Safety Benefits

• TEXT

• TEXT
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Novel MRI Systems
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Pediatric Population MRI Safety Benefits

• TEXT

• TEXT
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• TEXT
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Resources
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Q&A
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MRI Safety Standards
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Outline
MRI Safety Standards

• Intro


• MRI Machine Safety Standards


• Physical Environment & Clinical Practice MRI Safety Standards


• Ionizing vs. MRI Safety Accreditation


• Organizational Structure For MRI Safety


• Q & A
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IEC 60601-2-33
MRI Machine Safety Standards
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IEC 60601-2-33
MRI Machine Safety Standards

• International Electrotechnical Commission (IEC)

• Establishes standards for electrical products (including medical)

• 2022 published ed. 4.0 of MRI safety standard (for manufacturers)
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Physical Environment
Physical & Clinical MRI Safety Standards

Design Standards

• FGI Guidelines (USA)

• VA MRI Safety Directive (USA)

Best Practices

• MRI Facility Safety Design 

Guidelines (appendix 2 in ACR 
2020 Manual on MR Safety)


• VA Imaging Services Design 
Guide


• Metrasens MRI Planning Guide

• MHRA MRI Safety Guidelines
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Clinical Care
Physical & Clinical MRI Safety Standards

Clinical Care Standards

• ACR 2020 Manual on MR Safety

Best Practices

• ACR 2020 Manual on MR Safety

• MHRA MRI Safety Guidelines
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Ionizing Radiation vs. MRI
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Ionizing Radiation vs. MRI

https://xkcd.com/radiation/
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Ionizing Radiation vs. MRI

https://xkcd.com/radiation/
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Ionizing Radiation vs. MRI

https://xkcd.com/radiation/
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Risk = Likelihood x Consequence
Ionizing Radiation vs. MRI
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Promise of Quality & Safety
MRI Safety In Accreditation

https://gilkradiologyconsultants.com/blog/the-mri-accident-chart-2000-2020/
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Joint Commission (USA)
MRI Safety In Accreditation
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CBAHI
MRI Safety In Accreditation
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MRI Safety In Accreditation

https://www.metrasens.com/resource/reducing-mri-accidents/
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MRI Safety In Accreditation

https://www.metrasens.com/resource/reducing-mri-accidents/
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MRI Safety In Accreditation

https://www.metrasens.com/resource/reducing-mri-accidents/
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MRI Safety In Accreditation

https://www.metrasens.com/resource/reducing-mri-accidents/
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MRI Safety In Accreditation

80

https://www.metrasens.com/resource/reducing-mri-accidents/
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Projectile Safety
MRI Safety In Accreditation

Require 4-Zones Require FMD Req. Device Labeling

Joint Commission (H)

DNV Healthcare (H)

ACR (OP)

IAC (OP)
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Projectile Safety
MRI Safety In Accreditation

Require 4-Zones Require FMD Req. Device Labeling

Joint Commission (H) [kinda] ❌ ❌

DNV Healthcare (H) ❌ ❌ ❌

ACR (OP) [kinda] ❌ ❌

IAC (OP) ❌ ❌ ❌
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RF Burn Protections
MRI Safety In Accreditation

Require Padding Remove Conductors Prevent Skin-to-Skin

Joint Commission (H)

DNV Healthcare (H)

ACR (OP)

IAC (OP)
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RF Burn Protections
MRI Safety In Accreditation

Require Padding Remove Conductors Prevent Skin-to-Skin

Joint Commission (H) [kinda] ❌ [kinda]

DNV Healthcare (H) ❌ ❌ ❌

ACR (OP) ❌ ❌ ❌

IAC (OP) ❌ ❌ ❌



2023 Dubai Advanced MRI Safety Seminar MRI Safety Standards

Hearing Protection
MRI Safety In Accreditation

Require Protection Verify Fit & Function Provide Alt. Means

Joint Commission (H)

DNV Healthcare (H)

ACR (OP)

IAC (OP)
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Hearing Protection
MRI Safety In Accreditation

Require Protection Verify Fit & Function Provide Alt. Means

Joint Commission (H) [kinda] ❌ ❌

DNV Healthcare (H) ❌ ❌ ❌

ACR (OP) ❌ ❌ ❌

IAC (OP) ❌ ❌ ❌
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MRI Safety In Accreditation

• The prior ‘scorecards’ don’t even touch on requirements managing 
complex device patients
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MRI Safety In Accreditation
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Change Is Coming
MRI Safety In Accreditation
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Organizational Structure For MRI Safety
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Organizational Structure For MRI Safety

https://onlinelibrary.wiley.com/doi/full/10.1002/jmri.25282

MRMD

MRSE

MRSO
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Pediatric Population MRI Safety Benefits

• TEXT

• TEXT
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Training Levels
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Q&A
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Scenarios
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Outline
MRI Safety Scenarios

We’re going to decide on:


• MRI Scanner


• Patient Description


• Desired Study


I’m going to give you:


• An Implant / Device / Foreign Body
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Scenarios
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Scenarios
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Scenarios
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Scenarios
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Scenarios
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Operational MRI Safety 
Structures
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Outline
Operational MRI Safety Structures

• Intro


• Injury-Reducing ‘Low-Hanging Fruit’


• Policies


• Training


• Culture


• Q & A
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Injury-Reducing ‘Low-Hanging Fruit’

https://www.metrasens.com/mri-safety/mri-safety-infographic/
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Injury-Reducing ‘Low-Hanging Fruit’
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Injury-Reducing ‘Low-Hanging Fruit’

https://www.metrasens.com/mri-safety/mri-safety-infographic/



2023 Dubai Advanced MRI Safety Seminar MRI Safety Structures

Expert Panel on MRI Safety Best Practices
Injury-Reducing ‘Low-Hanging Fruit’

• MRMD / MRSO / MRSE

• Obtain Device 

Documentation

• Review MRI Site Planning w/ 

Expert

• Report Near-Miss Events to 

MRMD

• Documented Annual MRI 

Safety Training

• +1 Staffing Model

• Supervision By Level 2-

Trained Person At All Times

• Use Ferromagnetic Detectors

• Gown All Patients To Skin

• Full-Stop / Final Check

• Pad Patients Per OEM 

Specifications
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“MRI Safety Is Everyone’s Responsibility”

No, It’s Not!
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“MRI Safety Is Everyone’s Responsibility”

MRI Safety Responsibilities & Authorities Need To Be Clearly Defined & 
Assigned
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“MRI Safety Is Everyone’s Responsibility”

“Everyone’s Responsibility”  =  “Group Project”
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“MRI Safety Is Everyone’s Responsibility”

Kitty Genovese
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“MRI Safety Is Everyone’s Responsibility”

Everyone has a role in MRI safety, but specific responsibilities need to 
be clearly defined & communicated.
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Policies

Test your policies…


Could a new radiographer 
safely complete an MRI exam 
by only following the direction in 
your written policies?
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Policies

Test your policies…


Could a new radiographer safely complete an MRI exam by only 
following the direction in your written policies?
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In My Experience…


… Many hospitals develop ‘standard operating procedures’ but never 
write them down.


This can lead to tremendous variation in delivery of care.
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ACR Manual Describes Two Levels of MRI Safety Training


• Level 1 & Level 2

Radiographers
RadiologistsRadiology Nurses

Aides / Porters

Vendor Reps

Administration
Security

Engineering

Anesthesia

Respiratory
ICU Nursing Cardiology

EP

CRNAs

Cleaning Staff
Code Team
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In My Opinion, Most Hospitals Need 4 (or more) Levels of MRI Safety 
Training:

• Level 0 (General Hospital Staff Orientation to MRI Safety)

• Don’t Go To MRI (unless you have a specific reason to)

• It Is Always A Dangerous Place (24 / 7 / 365)

• If You Do Have To Go, Follow MRI Staff Directions 
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In My Opinion, Most Hospitals Need 4 (or more) Levels of MRI Safety 
Training:

• Level 1 (MRI Support Staff)

• static magnetic field forces and risks (torque and translation)

• quench risks

• authority to act within the controlled access areas

• implications of clinical and physical MRI safety screenings

• emergency response / code events

• MRI safety labeling and terminology
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In My Opinion, Most Hospitals Need 4 (or more) Levels of MRI Safety 
Training:
• Level 2 (non-radiographer / technologist)


• time-varying gradient and RF fields / forces / and risks

• physiological effects of MRI’s electromagnetic fields

• detailed understanding of MR safety labeling and terminology

• detailed understanding of both clinical and physical screening processes

• detailed understanding of emergency response policies and practices

• detailed understanding of the site quench policy

• detailed understanding of the chain-of-command with respect to MRI safety decisions. 
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In My Opinion, Most Hospitals Need 4 (or more) Levels of MRI Safety 
Training:

• Level 2 (radiographer / technologist)

• In addition to the fundamental elements of Level 2 MRI Safety 

Training, MRI radiographers must also receive competency training 
on the safe operation of the MRI equipment in order to be able to 
safely and effectively deliver MRI patient care.
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• The MRMD can / should tailor educational content / competency 
requirements for site needs (even if that means making more / fewer 
levels)
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“It is easier to bend steel than to twist arms.” 
— John Gosbee, MD, PhD
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Set up structures & practices that reinforce the culture you want to 
have…

• ‘Good Catch’ Rewards

• Thank People for Identifying 

Problems

• Reward People for 

Identifying Solutions

• Collaborate With Other Parts 
of Care Team


• Develop Documented Policies

• Make Sure Policies Are Being 

Followed
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Thank You
Tobias Gilk, MRSO, MRSE 

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

mailto:TGilk@GilkRadiologyConsultants.com
https://twitter.com/tobiasgilk
http://www.facebook.com/groups/MRIsafety
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