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From US FDA
• MRI gives health care providers useful information about a variety of 

conditions and diagnostic procedures including:
– abnormalities of the brain and spinal cord
– abnormalities in various parts of the body such as breast, 

prostate, and liver
– injuries or abnormalities of the joints
– the structure and function of the heart (cardiac imaging)
– areas of activation within the brain (functional MRI or fMRI)
– blood flow through blood vessels and arteries (angiography)
– the chemical composition of tissues (spectroscopy)
– In addition to these diagnostic uses, MRI may also be used to 

guide certain interventional procedures.
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Benefits (FDA)

An MRI scanner can be used to take images of 
any part of the body (e.g., head, joints, 
abdomen, legs, etc.), in any imaging direction. 
MRI provides better soft tissue contrast than CT 
and can differentiate better between fat, water, 
muscle, and other soft tissue than CT (CT is 
usually better at imaging bones). These images 
provide information to physicians and can be 
useful in diagnosing a wide variety of diseases 
and conditions.
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Risks (FDA)
• The strong, static magnetic field will attract magnetic objects (from 

small items such as keys and cell phones, to large, heavy items 
such as oxygen tanks and floor buffers) and may cause damage to 
the scanner or injury to the patient or medical professionals if those 
objects become projectiles. Careful screening of people and objects 
entering the MR environment is critical to ensure nothing enters the 
magnet area that may become a projectile.

• The magnetic fields that change with time create loud knocking 
noises which may harm hearing if adequate ear protection is not 
used. They may also cause peripheral muscle or nerve stimulation 
that may feel like a twitching sensation.

• The radiofrequency energy used during the MRI scan could lead to 
heating of the body. The potential for heating is greater during long 
MRI examinations.
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Adverse Events (FDA)
• Adverse events for MRI scans are very rare. 
• Millions of MRI scans are performed in the US every year, and the 

FDA receives around 300 adverse event reports for MRI scanners 
and coils each year from manufacturers, distributors, user facilities, 
and patients. 

• The majority of these reports describe heating and/or burns (thermal 
injuries). Second degree burns are the most commonly reported 
patient problem. Other reported problems include injuries from 
projectile events (objects being drawn toward the MRI scanner), 
crushed and pinched fingers from the patient table, patient falls, and 
hearing loss or a ringing in the ear (tinnitus). 

• The FDA has also received reports concerning the inadequate 
display or quality of the MR images
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Hospital Nightmare
Boy, 6, Killed in Freak MRI Accident

July 31 2001 — A 6-year-old 
boy died after undergoing an 
MRI exam at a New York-area 
hospital when the machine's 
powerful magnetic field jerked 
a metal oxygen tank across 
the room, crushing the child's 
head. 
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The accident

• a metal oxygen tank somehow 
made it into the examination room.

• it has generally been considered 
very safe

• 5 such accidents in 15 years

New York Times July 31, 2001
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What about Malaysia?

Unreported cases
1. Oxygen tank hit the magnet
2. Head injury of engineer by 

projectile (tool)
3. Some cases we don’t know
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Hazards in MR 
Environment
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MR Environment

• The static (main) magnetic fields
• Time-varying magnetic field gradients
• Radiofrequency (RF) fields
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Hazards of MRI Environment
Static Magnetic Fields
• Projectiles 
• Metal in the Body 

Gradient Magnetic Fields
• Nerve Stimulation 
• Acoustic Noise 

Radiofrequency (RF) Electromagnetic Fields
• Tissue Heating 
• Electrical Burns 
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Hazards of MRI Environment

Static Magnetic Fields

• Projectiles 
• Metal in the Body 
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Projectiles
Ferromagnetic metal objects can become airborne 

projectiles when placed in a strong magnetic field. 
The strength of the field increases superlinearly with 

distance from the magnet bore. 
Remember, even when you are not scanning, the 

magnet is not "off".

Metal in the Body
Ferromagnetic metal implants or fragments may 

twist or move causing internal injury. 
Even non-ferromagnetic metal (including metal on 

clothing) can heat up during scanning, causing 
burns or discomfort.
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Biological Effects at 4.0T
• Mild vertigo
• Headaches
• Nausea
• Magnetophosphenes
• Metallic taste in mouth

Redington RW, Dumoulin CL, Schenek JF et al. 
MR imaging and bioeffects in a whole body 4.0 Tesla imaging system.
Society of magnetic Resonance Imaging 1988; Book of Abstracts:20.
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Very high 
magnetic 
fields can 
produce 

flashes of light 
in the retina of 

the eye
(magneto-

phosphenes)
NRPB 
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Magnetophosphenes

• None at 17 µA/cm2 in 1.95 T systems.

• Lots at 4 T and any gradient.
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Static Magnetic Field Bio-effects -
Summary

• No permanent bio-effects from static 
magnetic field reported at clinical strength 
(<10T)

• Most bio-effects arise from induced 
voltage in tissue due to motion through 
static magnetic field

• FDA considers “significant risk” when Bo is
– Greater than 8T in adult, children and infants 

> 1 month old
– 4T in neonates < 1 month old
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Location of 5 G line for MR system –
Identify it clearly

ECRI
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Some examples of ferromagnetic 
materials and devices that could be 

dangerous in MR environment

• Aneurism Clips
• Biopsy Needles, 

markers, and devices
• Breast Tissues 

expanders and implants
• Bone and spinal fusion 

stimulators
• Cardiac pacemakers
• Cochlear implants

• Carotid artery vascular 
clamps

• ECG electrodes
• Hearing aids
• Heart valve prosthesis
• Dental implants, 

devices and materials
• Tattoos and permanent 

make-up
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ASTM F2503: FDA-Recognized Standard 
for MR Safety Terms and Markings

• MR Safe - used for items that are 
nonconducting, nonmetallic and nonmagnetic, 
such as a plastic Petri dish, and pose no known 
hazards in all MR environments. 
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ASTM F2503: FDA-Recognized Standard 
for MR Safety Terms and Markings

• MR Conditional - used for an item that has been 
demonstrated to pose no known hazards in a specified 
MR environment with specified conditions of use. 
Conditions that define the MR environment include static 
magnetic field strength, radio frequency fields, specific 
absorption rate and other factors. For MR conditional 
items, the item labeling includes results of testing 
sufficient to characterize the behavior of the item in the 
MR environment. 
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ASTM F2503: FDA-Recognized Standard 
for MR Safety Terms and Markings

• MR Unsafe - defines an item that is known 
to pose hazards in all MRI environments, 
such as a pair of ferromagnetic scissors.
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Damage Caused by Objects Flying into Scanner 
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Power of the Magnet
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Common Projectiles

• MR magnet
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Keep in mind

• The 5G line does 
not safeguard 
against a projectile 
incident, nor was it 
defined for that 
purpose
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Hazards of MRI Environment

Gradient Magnetic Fields

• Nerve Stimulation 
• Acoustic Noise 
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Nerve Stimulation
Current induced in tissue. 
- Greater in peripheral tissue because amplitude is      
highest farther away from the magnet's isocentre.
- Mild skin sensations & involuntary muscle     
contractions during echoplanar imaging (EPI).

Acoustic Noise
Imaging - low frequency, "clunking" sound
EPI - 600-1400 Hz, loud "beep"
- Generally, higher gradients used with higher     

magnetic fields produce more intense noise. 
- Prolonged exposure damages unprotected ear. 
- For 3T, hearing protection is required.
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Stimulation Threshold Levels
Mean Cardiac
Stimulation Threshold

Mean Respiratory
Stimulation Threshold
Mean Painful Nerve
Stimulation Threshold

Mean Peripheral Nerve
Stimulation Threshold

T/S = Tesla per second

0 - 20 T/s = clinical mode

>20 T/s = First or 
Second

Controlled Modes*

* Limited by IRB or    
Human Ethical Committee
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3600 T/s

900 T/s

90 T/s

60 T/s

45 T/s  Typical Operating 
Range20 T/s
0 T/s

MR Safety Guide © 2003 by General Electric Company, Inc.

33

Gradient Magnet Bioeffects 
Conclusions

• No effects at 6 T/sec.

• Nerve stimulation at 20 T/sec.

• Don’t go above 20 T/sec.

• Keep an eye on EPI in the future.
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Hazards of MRI Environment

Radiofrequency (RF) Electromagnetic 
Fields

• Tissue Heating 
• Electrical Burns 
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Tissue Heating
Absorption of RF energy causes tissue heating. 
Specific Absorption Rate (SAR) in Watts/kg. 

- A function of many variables including pulse sequence 
and coil parameters and the weight of the region 
exposed. 

Actual increase in tissue temperature is dependent on the 
subject’s thermoregulatory system (e.g. tissue 
perfusion, etc.)

Electrical Burns
Burns caused by electrical currents in conductive loops.

- When using equipment such as surface coils, ECG or 
EEG leads, extremely careful not to allow the wire or 
cable to form a conductive loop with itself or with the 
subject. 

- Coupling of a transmitting coil to a receive coil may  
cause severe burns.
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FDA SAR Limits
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FDA SAR Limits

• Body average of 0.4 W/kg

• Peak for any gram of tissue of 8.0 W/kg

• Head average of 3.2 W/kg
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SAR Standard
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FDA Temperature Limits

• A body core rise of less  than 1° C
• No more than 38° C in the head
• No more than 39° C in the trunk
• No more than 40° C in the extremities

• Exceptions: Patients with compromised heat 
regulation
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FDA Temperature Limits
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Signage

• FDA Guidance for the Submission Of 
Premarket Notifications for Magnetic 
Resonance Diagnostic Devices states: 

• "The controlled access area should be 
labeled "Danger - High Magnetic Field" at all 
entries." 

• The term "warning" does not convey the 
importance of a situation that may not only be 
potentially hazardous, but has been 
responsible for serious injuries and deaths.
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The Old “Warning” Sign

WARNING
STRONG MAGNETIC FIELD

• NO PACEMAKERS
• NO METALLIC IMPLANTS
• NO NEUROSTIMULATION SYSTEMS 
• NO LOOSE OBJECTS

44



29/01/63

12

Non-standard sign
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New sign designed to help control access to the 
MR environment. This sign should be placed on 

the door to the MR system room. (Top)
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New sign designed to help control access to the 
MR environment. This sign should be placed on 

the door to the MR system room. (Bottom)
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Warning Sign posted near magnet
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Are these MR safe?
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How sure are you?

Courtesy of UMMC
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MR compatible fire extinguisher

Courtesy of Penang Adventist Hospital & GE
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Useful web site

www.MRIsafety.com
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