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Chapter 4
« MRI The Basics (4th Ed.)
» MRIin Practice, (5t Ed.)
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Safety Regulations Sy TER

- In 2001, a tragedy occurred when a 6-year-old child was killed
by a ferromagnetic oxygen tank while in the MRI scanner.

- White Paper on MRI Safety by American College of Radiology
(ACR) in 2002.

- https://www.ajronline.org/doi/pdf/10.2214/ajr.178.6.1781335

- International Commission on Non-lonizing Radiation
Protection (ICNIRP)

- http://www.icnirp.de/index.html

- International Electrotechnical Commission (IEC)
- http://www.iec.ch/index.htm
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Main Magnetic Fle|dS Projectiles, devices, and implants

- Magneto-mechanical interactions

- A uniform magnetic field: a magnetic moment experience a
mechanical torque that align their magnetic moment parallel (or
antiparallel) to the B.

- A non-uniform magnetic field: paramagnetic and ferromagnetic
materials become dangerous projectiles.

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Mumbai MRI death: Nair hospital radiologist arrested in
connection to Rajesh Maru's death, released on bail

e

Mumbai: A radiologist of the Nair hospital was arrested in connection with the death of a man in a freak Magnetic

" Feb 02,2018

Resonance Imaging (MRI) machine accident at the facility on 27 January, police said on Friday.

Agripada police said Dr Siddhant Shah was arrested on Thursday after
the family of the 32-year-old victim, Rajesh Maru, told them that the

radiologist was also present when the accident occurred

Shah was charged with dereliction of duty, police said, adding he was

released on bail. Shah's was the fourth arrest in the case.

Earlier, police had arrested three hospital staffers — Dr Saurabh

Lanjekar, ward boy Vitthal Chavan and attendant Sunita Surve — for

File image of Rajesh Maru. News18

negligence causing death.

Maru had accompanied a relative to the hospital for an MRI examination. When he entered the room carrying a

liquid oxygen cylinder, the strong magnetic field got activated, pulling him violently towards the machine. The

oxygen cylinder burst on impact and he died after inhaling copious quantities of the gas.

Metal objects are not allowed inside rooms having MRI machines.
Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Main Magnetic Fields

Quen%on

http://www.impactednurse.com/?p=2927

How dangerous are magnetic items near an MRI magnet: http://youtu.be/6BBx8BwLhag
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Quench

- Liquid helium is used as the cryogen achieving
temperatures as low as 4 K (=269 °C).

- In a scanner with a cryostat volume of 1500
liters, a spontaneous helium boil-off would
liberate over 1,000,000 liters of gas.

https://youtu.be/Q_sz106ijYg

- All systems should have helium-venting
equipment, which removes the helium to the
outside environment in the event of a quench.

%)

- If this fails, helium will vent into the room and
replace the oxygen. = oxygen monitor!
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Quench

- If there is a quench pipe failure, an
inwardly opening magnet room door
may become sealed.

- Possible side effects from a sudden
drop in oxygen level, reduced room
temperature, and dramatic increase in
air pressure:

- Asphyxia
- Hypothermia
+ Ruptured eardrums

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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MRI and Implants/Devices

- American Society for Testing and Materials (ASTM)
International, 2005

- MR safe: An item that poses no known hazards
in all MRI environments.

- MR unsafe: An item that is known to pose
hazards in all MRI environments.

- MR conditional: An item that has been
demonstrated to pose no known hazards in a
specified MRI environment with specified
conditions of use.

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Warning No Ent
This equipment generates for those wearing active
strong magnetic fields implanted medical devices
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Gradients: Time-Varying Magnetic Fields

- TVMF effects include B()
. peripheral nerve stimulation ~ 93 %
- magneto-phosphenes
- acoustic noise

m)
i
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Acoustic Noise

- As current is passed through the gradient coils during image
acquisition, a significant amount of acoustic noise is created.

- ACR recommends:

- all patients, volunteers, family members, and healthcare workers
(essentially anyone who intends to enter the scan room during image
acquisition or during scanning) should be offered and encouraged to
use hearing protection prior to MR imaging.

MR-compatible

Ear plugs head phones

* MRl generates 110~120 dB of noise.
* Simple foam earplugs can attenuate &(
the acoustic noise by 10 dB to 20 dB. :

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Radiofrequency Electromagnetic Fields

- Specific absorption rate (SAR, in W/kg)
t
SAR x (- A?- B - a? -%)/Zp

- o: electrical conductivity of tissue (metal objects are highly conductive)
- A: body cross-sectional area (body size)

- By: Strength of magnetic field

- o flip angle of RF pulse

- tp/TR: The ratio of the pulse duration tp and the TR of the sequence,
the duty cycle

- p: body mass.

- Patient's weight must be correctly input to ensure the SAR does not
exceed the permitted levels.

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw

page 16




Radiofrequency Electromagnetic Fields

- Exposure of humans for 20-30 min to RF fields producing a
whole-body SAR of up to 4 W/kg results in a body
temperature increase between 0.1 and 0.6°C.

Operating mode Rise of body core

Spatially localized temperature limits

temperature (°C)

Head (°C) Trunk (°C) Extremities (°C)

(or3.2W/kg) (or 8W/kg) (or 12W/kg)
Normal 0.5 (or 2W/kg) 38 39 40
Controlled 1 (or4wW/kg) 38 39 40
Experimental >1 (or>aW/kg) > 38 >39 >40

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Hospitals warn patients: Your Lululemon yoga
pants could burn you during MRIs

Published: May 12, 2018 9:24 a.m. ET

OCEOLEE

One 11-year-old girl took an MRI wearing an athleisure top and ended up with second-degree burns

Many clothing companies, like,

ututemon () athletica T
2

using metallic fibers in exercise,
spandex, and stretch clothing.
These fibers can burn you if
worn in the MRI scanner. If you
have on clothing, even
undergarments, that could
potentially have these fibers,
please notify the technologist.
‘We will provide you with
clothing to wear.
‘We care about your safety!

Safety Tips

- Carefully screen the patient and anyone accompanying them
into the scan room.
- Surgical histories and procedures
+ Metal injuries
- Pacemakers
- Contraindicated implants

- Remove all belongings, and wear an examination gown

- Tattoos can heat up during image acquisition. A cool wet
cloth placed over the tattoo acts as a good heat dissipater.

- Let patients use the earplugs correctly!

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Main Magnetic Field Artifacts

- Improper shimming, environmental factors, far extremes of short
bore magnets

- Remedy: auto shimming

TIW

T2 fat-suppressed image
Upper slice

Moire fringes (zebra pattern)

P,

Lower slice

Distortion & lack of effective fat suppression
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RF-related artifacts: Zipper artifacts

- Unwanted external RF noise (TV, radio station, electronic
monitoring equipment)

- Occurs at the specific frequency

- Remedy: improve RF building,
shut the door of MR room

Chia-Feng Lu, http://cflu.lab.nycu.edu.tw
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Aliasing Artifacts

- Any frequency higher than the maximum frequency allowed by the
gradient cannot be detected correctly.

- f(perceived)= f(true)-2f(max)

Right  [Aliasing Left
arm arm

Aliased to higher frequencies
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Chemical Shift Artifacts

- Chemical shift artifact only occurs in the

frequency-encoding direction.
- A bright band toward the lower frequencies
- A dark band toward the higher frequencies
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: : &3 NBA : . : &3 NBA
Motion Artifacts Magnetic Susceptibility Artifacts
- Ghost artifacts of the vessels are equally separated along Aneurysm clip Metallic foreign body
phase-encoding direction. .
- separation (SEP in pixels) = —acq:(i::;:::;me Random eye movements
Gy
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