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MRI scanner is 
ALWAYS ON!



Purpose
Why should you learn about MR safety? 

• MRI is considered inherently safe — lack of ionizing radiation. 

• Vast majority of MRI scans are performed without incidents — millions each year. 

• There is no evidence of immediate or long-term adverse effects due to MRI 
procedure itself. 

• MRI injuries result from human errors  

‣ Safety training of all staff  

‣ Protocols and regulations



Purpose
Why should you learn about MR safety?



Risk factors
MR environment 

• The 3D volume of space surrounding the 
MR magnet that contains both the Faraday 
shielded volume and the 0.50 mT field 
contour (5 gauss (G) line). — Exposure to 
the electromagnetic fields produced by 
the MR equipment and accessories. 

• Restricted access — authorized 
personnel performs safety screening

Safety Guidelines for Magnetic Resonance Imaging Equipment in Clinical Use  

MHRA, February 2021



Risk factors
MR environment 

Exposure to the electromagnetic fields produced by the MR equipment and 
accessories. 

Fields Most serious hazards

Static magnetic field

Attraction, alignment, and projectile-like acceleration of 
magnetizable objects  

Movement by implants and prostheses in the body  

Gradient fields Peripheral nerve stimulation

RF fields Warming of body tissue



Risk factors
Static magnetic field (B0) 

• Projectile effects - ferromagnetic objects 

‣ The most serious consequences 

‣ Force of attraction proportional to — 
object’s mass, susceptibility; field strength 
and gradients 

‣ Anything ferromagnetic will be pulled 
toward the bore of the MRI scanner with 
dramatic acceleration.



Risk factors
Static magnetic field (B0)

https://www.youtube.com/watch?v=6BBx8BwLhqg


Static magnetic field (B0)

Risk factors
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Table 1 Definitions from ASTM international standard F2503-13 

 The MHRA recommends that all equipment that may be taken into the MR ENVIRONMENT is 
clearly labelled using these markings and where possible, the appropriate descriptive text 
should be used (see examples in Appendix 5 ). 

 

 Users should always consult the conditions for safe use that accompany MR_CONDITIONAL 
devices before allowing them into the MR ENVIRONMENT. 

 

 Items which are not labelled (MR UNLABELLED) should be considered to be MR_UNSAFE until 
determined to be otherwise (see 4.9.3, 4.11.4). 

 
MR UNLABELLED – an item without an MR_SAFE, MR_CONDITIONAL or MR_UNSAFE label. 
 
 

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

 
 

MR Safe 
 

 
 

MR Safe 
 

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

 
 

MR Conditional 
  

MR_UNSAFE 
‘an item which poses unacceptable risks to the patient, medical staff 
or other persons within the MR environment.’  

 
MR Unsafe 

  
MR ENVIRONMENT 

‘the three dimensional volume of space surrounding the MR magnet that contains both the Faraday 
shielded volume and the 0.50 mT field contour (5 gauss (G) line). This volume is the region in 
which an item might pose a hazard from exposure to the electromagnetic fields produced by the 
MR equipment and accessories.’ 

* the updated definition now specifically prohibits items containing conductive, metallic and 
magnetic materials. 



Risk factors
Static magnetic field (B0) 

• Ferromagnetic foreign bodies  

‣ Metal splinters in the eye 

‣ Bullets and shrapnels   

‣ Piercings 

• Implants and pacemakers  

‣ Device malfunction 

‣ Cardiac pacemaker/defibrillators — as a general rule, exclude without exception. 

‣ Cochlear implants, insulin pumps  

‣ Stimulation devices 



Risk factors
Static magnetic field (B0)
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Table 1 Definitions from ASTM international standard F2503-13 

 The MHRA recommends that all equipment that may be taken into the MR ENVIRONMENT is 
clearly labelled using these markings and where possible, the appropriate descriptive text 
should be used (see examples in Appendix 5 ). 

 

 Users should always consult the conditions for safe use that accompany MR_CONDITIONAL 
devices before allowing them into the MR ENVIRONMENT. 

 

 Items which are not labelled (MR UNLABELLED) should be considered to be MR_UNSAFE until 
determined to be otherwise (see 4.9.3, 4.11.4). 

 
MR UNLABELLED – an item without an MR_SAFE, MR_CONDITIONAL or MR_UNSAFE label. 
 
 

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

 
 

MR Safe 
 

 
 

MR Safe 
 

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

 
 

MR Conditional 
  

MR_UNSAFE 
‘an item which poses unacceptable risks to the patient, medical staff 
or other persons within the MR environment.’  

 
MR Unsafe 

  
MR ENVIRONMENT 

‘the three dimensional volume of space surrounding the MR magnet that contains both the Faraday 
shielded volume and the 0.50 mT field contour (5 gauss (G) line). This volume is the region in 
which an item might pose a hazard from exposure to the electromagnetic fields produced by the 
MR equipment and accessories.’ 

* the updated definition now specifically prohibits items containing conductive, metallic and 
magnetic materials. 

• MR conditional materials — items with demonstrated 
safety in the MR environment within defined conditions 

‣ American Society for Testing and Materials (ASTM) 

‣ Conditions — static magnetic field strength, spatial 
gradient, dB/dt (time varying magnetic fields), radio 
frequency (RF) fields, and specific absorption rate (SAR)  

‣ Implants and protheses  

‣ Monitoring and support equipment for MR environment



Risk factors
Static magnetic field (B0)

• Implants and protheses: 
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Table 1 Definitions from ASTM international standard F2503-13 

 The MHRA recommends that all equipment that may be taken into the MR ENVIRONMENT is 
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MR_CONDITIONAL 
‘an item with demonstrated safety in the MR environment within 
defined conditions. At a minimum, address the conditions of the 
static magnetic field, the switched gradient magnetic field and the 
radiofrequency fields. Additional conditions, including specific 
configurations of the item, may be required.’ 
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or other persons within the MR environment.’  
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Image source 

https://www.ametekmetals.com/markets/medical


Risk factors
Static magnetic field (B0)

• Monitoring and support equipment for MR environment: 

‣ MR-compatible wheelchairs, stretchers, emergency 
trolleys, fire extinguishers 
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Table 1 Definitions from ASTM international standard F2503-13 

 The MHRA recommends that all equipment that may be taken into the MR ENVIRONMENT is 
clearly labelled using these markings and where possible, the appropriate descriptive text 
should be used (see examples in Appendix 5 ). 
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MR Safe 
 

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

 
 

MR Conditional 
  

MR_UNSAFE 
‘an item which poses unacceptable risks to the patient, medical staff 
or other persons within the MR environment.’  

 
MR Unsafe 

  
MR ENVIRONMENT 

‘the three dimensional volume of space surrounding the MR magnet that contains both the Faraday 
shielded volume and the 0.50 mT field contour (5 gauss (G) line). This volume is the region in 
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magnetic materials. 

Image source 

https://troykamed.com/


Risk factors
Static magnetic field (B0)
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MR_CONDITIONAL 
‘an item with demonstrated safety in the MR environment within 
defined conditions. At a minimum, address the conditions of the 
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MR_UNSAFE 
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MR ENVIRONMENT 
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magnetic materials. 

• MR safe materials —items that poses no known hazards 
resulting from exposure to any MR environment 

‣ electrically nonconductive 

‣ nonmetallic 

‣ nonmagnetic 

‣ e.g. plastic, silicone, glass — most nasogastric tubes, 
endotracheal tubes, IV catheters, IV tubing, drains, and 
wound dressings



Risk factors



Risk factors
Time-varying magnetic field - gradient coils (dB/dt)

• Peripheral nerve stimulation: direct stimulation of 
peripheral nerves, experienced as twitching or 
tingling  

‣ Fast acquisitions with fast switching gradients — 
high-duty-cycle EPI, GE sequences with small FOV 
& short TR  

‣ Threshold of stimulation between 60-100 T/s — 
indicator of safety thresholds; pain 

‣ Cardiac stimulation/ventricular fibrillation — even 
faster gradients 

Source

https://mriquestions.com/nerve-stimulation.html


Risk factors
Time-varying magnetic field - gradient coils (dB/dt) 

• Acoustic noise: Consequence of the force exerted on the 
gradient coils due to the rapidly varying current within 
them in the presence of the main field.  

‣ Noise increases with field strength — varies 
considerably with the type of pulse sequence.  

‣ In addition to the noise levels, duration is important. 

‣ Ear protection necessary for patients and operators — 
<99 dB(A) 

‣ Associated with temporary and permanent hearing loss.

Source 

https://mriquestions.com/acoustic-noise.html


Risk factors
Radiofrequency field (B1) 

• Heating: Energy deposited by repetitive RF pulses — specific absorption rate (SAR) 
—joules or watts per kilogram of tissue  

‣ SAR values increase with field strength  

‣ Safe operating limits defined by FDA — whole-body average of <4 W/Kg over 15 
minutes; <3 W/Kg over 10 minutes for head 

‣ IEC limits - < 1°C increase in body temperature 

• Scanner manufacturer (Siemens) — set limits, real-time SAR monitoring  

‣ Acquisition parameter changes prevented — echo train lengths, number of slices or 
saturation pulses



Risk factors
Radiofrequency field (B1) 

• Burns:  

‣ RF-related burns are unrelated to SAR — may happen with low SAR acquisitions 

- Near-field burns — contact with the bore wall 

- Resonant circuitry burns — conductive metals within the volume of the RF 
transmit coil 

- Large caliber loops — skin-skin contact 

• Padding is necessary to avoid contact between the subject and the bore or skin-skin 
contact.



Radiofrequency field (B1)

Risk factors

Proper positioning inside the scanner



Radiofrequency field (B1) 

• Remove any metallic/conductive objects — jewelry, hair accessories, brassieres with 
support wires, metallic appliqués on clothing 

• Certain eyeliners and tattoos may cause skin irritation  

• Ideally - out of street clothes, patient gowns

Risk factors



Radiofrequency field (B1)

Risk factors

Pietryga et al., 2013

Haik et al., 2009



Risk factors
Other issues 

• Psychological distress — claustrophobia, anxiety and restlessness 

‣ Put subjects at ease, provide detailed information — purpose of scan, duration 

‣ Verbal contact, mirrors to see outside the scanner 

‣ Music or video during acquisitions 

‣ Oral anxiolytic medications 

‣ Sedation and anesthesia



Risk factors
Other issues 

• Pregnancy — There is no evidence that suggests MRI can be harmful to the fetus. 

‣ Prudent to avoid MRI during vulnerable periods of fetal development (1st 
trimester). 

‣ No contraindication, MRI is favored for fetal imaging. 

‣ Gadolinium-based contrast agents should be avoided — cross the placenta 

• Contrast agents  

‣ Patients with kidney failure 

‣ Pregnancy 

‣ Basal ganglia accumulation with older medications



Screening
https://www.turkrad.org.tr/assets/DernektenHaberler-Pdf/Ek-A-Hastalar-icin-MR-Guvenlik-Formu.pdf 

https://www.turkrad.org.tr/assets/DernektenHaberler-Pdf/Ek-A-Hastalar-icin-MR-Guvenlik-Formu.pdf


Screening
https://www.turkrad.org.tr/assets/DernektenHaberler-Pdf/Ek-B-Hasta-Disi-Kisiler-icin-MR-Guvenlik-Formu.pdf 

https://www.turkrad.org.tr/assets/DernektenHaberler-Pdf/Ek-B-Hasta-Disi-Kisiler-icin-MR-Guvenlik-Formu.pdf


Screening
Pre-scan interview with volunteer/patient & positioning 

• Do not depend on the consent form entirely — ask about medical history and 
implants 

• Explain the scanning procedure, length of the examination, hazards and safety 
measures — noise, heating, twitching muscles  

• Make sure that the subject removes any jewelry/ferromagnetic objects; give patient 
gowns if possible



Screening
Pre-scan interview with volunteer/patient & positioning 

• Provide hearing protection - earplugs, headphones 

• Inform them about the communication equipment — squeeze ball, intercom 

• Position the patients comfortably and properly, place padding where necessary



In case of emergency
Medical emergency during MR measurements 

• Terminate the measurement

STOP



In case of emergency
Medical emergency during MR measurements 

• Terminate the measurement 

• Remove patients from the examination room for first aid 

‣ Call for help — colleagues & 112 

‣ Do not enter the MR room with ferromagnetic objects 

‣ Do not operate oxygen bottles, defibrillators, or other resuscitation tools in the 
examination room 

‣ MR-conditional medical equipment



In case of emergency
Medical emergency during MR measurements 

• Terminate the measurement 

• Remove patients from the examination room for first aid 

‣ Call for help — colleagues & 112 

Fire  

• Only non-magnetic CO2 extinguishers can be used 

• Call the responsible person for MRI facility & 112
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Warning signs

Magnetic field RF field Observe operator manual

Potential injury 
to persons

Risk of injury Risk of breaking

Mandatory hearing protection



Prohibition signs

Implants susceptible to 
electromagnetic effects

Open flames, 
no smoking

Metallic implants and 
other metallic objects 
inside the body

Mechanical watches

Fire extinguishers with 
magnetizable metal housing

Metal parts, e.g. tools Electronic data carriers



Further resources
National and international guides 

• Food and Drug Administration (FDA) 

• American Society for Testing and Materials (ASTM)  

• American College of Radiologists (ACR) 

• International Electrotechnical Commission (IEC) 

• Medicines and Healthcare Products Regulatory Agency (MHRA, UK) 

• Türk Radyoloji Derneği (TRD) 

• mrisafety.com — ‘The List’ 

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

http://mrisafety.com
https://www.ismrm.org/mr-safety-links/
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