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Basic Principle of MRI

MRI Safety

sunvawaniniyiy MRI

* Resistive Magnet
* Permanent Magnet

* Superconducting Magnet
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Philips Ingenia 3.0 Tesla WU AULSIVDIFUINLLAAN



AUNNLILIAN AU TIVBIFUIULLLAAN
ﬁuqﬂJLLﬂjLﬂgﬂGUENIaﬂ 0.00005 Tesla (0.5 Gauss)
WASLILUANIAN € 0.01 Tesla (100 Gauss)
PRUVUANETNG 0.15 Tesla (1500 Gauss)

waiwian NIB (lulafiiieaw) 0.20 Tesla (2000 Gauss)

wlwdnlniheuialng (MRI) 3.0 Tesla (30,000 Gauss)

AUNULUAN U B I AADY 10 Tesla (100,000 Gauss)
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Man dies after being sucked into MRI
scanner at Indian hospital

Man was carrying oxygen cylinder which was pulled by machine’s
magnetic force and then thought to have punctured

A An MR scanner. An Indian man died in a freak accident in which an oxygen tank he was carrying was sucked into
an MRI at a hospital in Mumbai, police said. Photograph: Gary Calton for the Observer
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STRONG MAGNETIC FIELD
The Magnet is Always On!
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Q: d1usuAauTIUsaAUlYaZlASUNaNTENUINNEUINLLAAN
ANEWTD LY a8149ls?

* dnmsAnwnngafiunansEnuniedanineainisegnelaauiuusivan

anuidugeszezau agudn “lifinansznunisdinminlusunsig”

o fmsAnuilaglidldsunimeassetnmeldaunuuimaniifiaudy 1.5
waz 4 waan wuda Sseauiieenns “eudsee Aidesluy 91y
¥1 TugSunisneassiaunusimaniiaaudy 4 waan”
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* 7J31738u (Mild vertigo)
* 1U2a%7 (Headaches)
e aauld (Nausea)

® Magnetophosphenes

® Metallic taste in mouth
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Q: dusuUaenensss (Pregnant woman) fandudadlasunisnsiadues
loazldsunansznuainaunuusimananudugawsali agels?

ACR 2013 guidelines

 Pregnant patients can be acceptedto undergo MRl scan at ANY
STAGE OF PREGNANCY.

« MRCONTRAST AGENT SHOULD NOT routinely provided to pregnant

patients. The decisionto be made also by level 2 attending

radiologist
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Q: EMMSUAUNNUNAGATIA (Pregnant staff) NABININIIUNTANUNYITDINU
ir3audNaslaazlasunansEnuIINAUIANLIMANAMTNE WS B L aEnals?

ACR 2013 guidelines

 Patient healthcare practitioners are permitted to work in and around

the MR environment throughout ALL STAGES OF PREGNANCY.

 Acceptable activities include
 Positioning the patients, scanning, archiving, injecting contrast

« EnteringMRlIroominresponse of emergency

13-Aug-19 14



Original Investigation | September 6, 2016

Association Between MRI Exposure During
Pregnancy and Fetal and Childhood Outcomes ]

Joel G. Ray, MD, MSc, FRCPC'235; Marian J. Vermeulen, BScN, MHSc23; Aditya Bharatha, MD, FRCPG34;
Walter J. Montanera, MD, FRCPC®4; Alison L. Park, MS¢25

[+] Author Affiliations

JAMA. 2016,316(9):952-961. doi:10.1001/jama.2016.12126. TextSize: A A A

Article | Figures | Tables ‘ Supplemental Cornsnt‘ References

ABSTRACT

ABSTRACT | INTRODUCTICON | METHODS | RESULTS | DISCUSSION | CONCLUSIONS |

Importance Fetal safety of magnetic resonance imaging (MRI) during the first trimester of pregnancy or
with gadolinium enhancement at any time of pregnancy is unknown.

Conclusions and Relevance Exposure to MRI during the first trimester of pregnancy compared with
nonexposure was not associated with increased risk of harm to the fetus or in early childhood. Gadolinium
MRI at any time during pregnancy was associated with an increased risk of a broad set of rheumatological,
inflammatory, or infiltrative skin conditions and for stillbirth or neonatal death. The study may not have
been able to detect rare adverse outcomes.

inflammatory, or infiltrative skin conditions from birth were identified.

Results Of 1424 105 deliveries (48% girls; mean gestational age, 39 weeks), the overall rate of MRI was
3.97 per 1000 pregnancies. Comparing first-trimester MRI (n = 1737) to no MRI (n =1 418 451), there were
19 stillbirths or deaths vs 9844 in the unexposed cohort (adjusted relative risk [RR], 1.68; g5% CI, 0.97 to
2.90) for an adjusted risk difference of 4.7 per 1000 person-years (95% CI, -1.6 to 11.0). The risk was also
not significantly higher for congenital anomalies, neoplasm, or vision or hearing loss. Comparing
gadolinium MRI (n = 397) with no MRI (n =1 418 451), the hazard ratio for NSF-like outcomes was not
statistically significant. The broader outcome of any rheumatological, inflammatory, or infiltrative skin
condition occurred in 123 vs 384 180 births (adjusted HR, 1.36; 95% CL, 1.00 to 1.69) for an adjusted risk
difference of 45.3 per 1000 person-years (95% CI, 11.3 to 86.8). Stillbirths and neonatal deaths occurred
among 7 MRI-exposed vs 9844 unexposed pregnancies (adjusted RR, 3.70; 95% CI, 1.55 to 8.85) for an
adjusted risk difference of 47.5 per 1000 pregnancies (95% CI, 9.7 to 138.2).

Conclusions and Relevance Exposure to MRI during the first trimester of pregnancy compared with
nonexposure was not associated with increased risk of harm to the fetus or in early childhood. Gadolinium
MRI at any time during pregnancy was associated with an increased risk of a broad set of rheumatological,
inflammatory, or infiltrative skin conditions and for stillbirth or neonatal death. The study may not have
been able to detect rare adverse outcomes.
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(%4

SaqnilsludagFuuinis (Metal in the body)
*  MINYUAN (Torque)

*  A27U59U (Heating)

* Fauwvanuasuuunw MRI (Artifacts)
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[ %4

U

aauldlunisviiunasaden (Aneurysm clip)

suralasion (Heart valves)

55@7?1%’1/1'10171’1461%‘5& (Dental devices and materials)
Useamuiiey (Cochlear implant)

wenanlugnan, nszguiuilslusienie (Metal foreign bodies)
Faquazgunsaiildlumiedasnssunszan (Orthopedic implants)
Surgical clips and pins

Vascular port

1A389N32AUNA1A (Cardiac pacemaker)
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WOURMNEORMATION RESOURCE FOR MRI SAFETY, BIOEFFECTS, & PATIENT MANAGEMENT

ProoucT T

The Develapment of this site was.
supported by an Unrestricted
Educational Grant From BRACCO

LEFE FRON INS1DE

Welcome to MRIsafety.com

MRIsafety.com is the premier information resource for magnetic resonance safety. This web site is the
official site of the INSTITUTE FOR MAGNETIC RESOMANCE SAFETY, EDUCATION, AND RESEARCH.
(Registration or login is HOT required to use this site)

IMPLANT AND DEVICE TESTING: HARDEOUND MRI TEXTBOOK

MAGNETIC RESONANCE SAFETY TESTING SERVICESs =

highly exparianced MRI-safety testing company that conducts

comprehensive evaluations of implants, devices, objects, and
aterials. For information, wvisit

MRIBIDEFFECTS, SAFETY, AND PATIENT
MANAGEMENT: Forly+ Authors, 21 chapters - visit
http:/iwww.mrisafetybook.com/ Ororder from
ORDERI SECTION of this wabsita.

MEISAFETY TRAINING:
faty Training Programs availzble for Level 1

and Level 2 MR Personnel. Please visit:
http://www.appliedradiclogy.org/MRISafety

- your MRI Modeling/Simulation nesds for implants, visit:
RISAFETYMODELING.

To see sample chapter, "MRI Issues for
Implants” Click Here

MRISAFETY.CO!

In EUROPE, order the tesxtbook from wwiw, Frohber;
"shellock”,

IMPORTANT: Remember, when searching for
forma rta to an implant or device, use "THE

This site is maintained and frequently updated by
Frank G. Shellock, Ph.D., FACR, FISMRM, FACC

Dr. Shellock has bean serving tha MR
for mare than 30 years. You can em
frank.shellock@mrisafety.com

W OURNNFORMATION RESOURCE FOR MRI SAFETY, BIOEFFECTS, & PATIENT MANAGEMENT

Home

DISCLAIMER

THE LIST

SAFETY INFORMATION

SCREENING FORM

ProoucT TESTING

ORDERING BOOKS

LECTURES

ABOUT DR. SHELLOCK

PRIORITY EMAIL

o

The Develoy of this site
e e
Educational Grant From BRAGCO

V.COM

£/

LEFE FROM INS1BE

Search THE LIST. All parameters below are optional. Click Search button.

Keywords andior
ct Name andfor
Manufscturer Name | [Select ¥ | ALL (default) means sear

ecting AN

results will contain *ALL* words you type sbove
raturns records having “ANY* words above. (more recs returned)

Result Status

O safe 1 Gonditional 2

[ conditional 7

U conditional 1
[ conditional &

U Unsafe 2
[ Conditonal 5

2 Unsafe 1

[ conditional [ conditional 4

Object Category

Clear Search Fields

Records: 4844
Per page: [30 ¥ | First Prev 1
| Status |

Click Here for Seal
10 of 182 Mext
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Regulater and Aluminum Cylinder System
AIrTOTE

MTS-202

Western Scott Fetzer. Inc.

Westlake, OH

Tita Jet Light Arterial 11
Wascular Ac

La Chaux-de-Fonds, Switzerland

” Microfiber Flexi Frame, FGQS5500BK00
Rubbermaid, www.rubbermaidhealthcare.com

18" Quick Connect Wet/Dry Frame.
Q55000YL00

Rubbermaid, www.rubbermaidhealthcare.com

2D Helical, 35 Fibered Platinum Coil

Boston Scientific, www.bostonscientific.com

Socket Wrench
2i4"41-mm
MNewmatic Medical, www.newmaticmedical.com
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Armor Piareing, Norinca
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Firearm safety in tha MR
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MAGNETIC RESONANCE (MR) PROCEDURE SCREENING FORM FOR PATIENTS WARNING: Certain implants, d.ivu.‘arm 1y be hazardous 1o you andfor may interfere with the
MR peoceduse (i, MR, MR angiography, fuse mmnspumm ‘Do not enter the MR systems room

‘you have any question o concern regarding an implant, device, or object. Consult the MRI
Technalogist or Radiologist BEFORE mmmm;mmmukmnmu ALWAYS on.

Height Weight
Please indicate if you have any of the following:
Male 3} Female 1 Bady Part tobe Examined Ancurysm clipls) Trenre moarh on the Barets bebom
Ho Canfiac the luudu- -l‘a-v |-|.|.- or metal
Telephone (hore) (___}___ - your body.

implant.
Magnetically-setivated mplnm or device
Telephon (work) - Neurostimulation sy

Reason for MR aadlos Sywpros 0000000 Cochlear, otologic, or other ear implant
Refering Physician - . Muammmm
M:lwnfm(m.#ﬁk et
1 ummummm-m(lg,mm endoscopy, elc.) of any kind? Heart valve prosthesis:

pleasei of surgery:

WVascular access port andfor catheter
Radiation seeds or implants
Swan-Ganz of theemodilution catheter
Medication patch (Nicotine, Nitroglycerine)

Any mesallic fragmen o forsign body
b IMPORTANT INSTRUCTIONS

Befare catering the MR cmvironment or M system
a Na

0 N
0 N
0 Na
00 No  Hearing aid wmu-um

a Ne implant . ) Please consult the MRI Technologist or Radialogist if
7 mw-lﬂmmmymm’ 0 No  Breathing problem or motion disarder you have any question or concern BEFORE you enter
e e 0 Mo Claustrophobia the MR systea room.
8. Da you have 3 history of Sllergc reaction,
medium or dye used for an MRL CT, or X-ray examination? Mm?nmhﬂhdurqﬂdumrwﬂq:ndhh_mmd—h
_ the MR procedure to prevent pssible prablems or hazards related to
transplant, high blood pressure {hypertension),
? Lattest that the abuove information s correct (0 the best of my knowledge. | read and endersiand the contents of this form and had the
opportunity 1o ask questions regarding the information on this form and regarding the MR peocedure that | sn abou 10 urdergo.

Signature of Person Comgleting Forns:
g

12 Are you taking oral contraceptives of receiving hoemonal treatmenr? Foem Completed By: (1 Paticnt 0 Relative. 03 Nurse
13, Areyou aking sy tpe of ity medicuion o bavin ity tresment?
describe:

Foem Information Reviewed By:
T wmame  wwee

79819 ACR Guidance Document on MR Safe Practices 2013 Screening form
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dunnLdwaninseus (Gradient magnetic field)

® Nerve stimulating

® Acoustic noise

/<

Channgl full of sounds

T m O
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gnatinvtd e ANUGRILA LI

AUNNLLANINSIAEUA
(Gradient magnetic field)

Acoustic noise

' 1@ 91599 100 dB
® Hattori, et al. (2007) At 3-Tesla, o S0 R
recorded sound levels that ranged wiusunuia 80 dB
idaiaavganu 70 dB
from 126 tO 131dB wasnaqaiall 60 dB
* #115U 3 Tesla uuzinluly ear plug wag Witisraguns =0 d8
d Y o d w@avnialuviassyn 40 dB
Head phone tiallasnudunsiaiana e T

n X ARISAYU
LYY \deansyaiu 20 dB
wdasaumala 10 dB
13-Aug-19 Buleidu 0 dB
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ﬂ‘é‘iu‘%mq (Radiofrequency Wave)

* A21UIBUINNNTTUENY (Tissue Heating)
* A15lndvaINInLe (Electrical Burning)

13-Aug-19
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A211359UANNUENY (Tissue Heating)
® Specific Absorption Rate (SAR) in Watts/kg.

FDA SAR GUIDELINES

Normal mode <2 W/kg
WHOLE BODY AVERAGE Ist level control mode < 4 W/kg
2nd level control mode > 4 W/kg

In most MRI systems are limited to a maximum SAR of 4 W/kg,
Shellock, et al. (1994) performed MR at a whole-body-averaged SAR of 6.0-W/kg.
The findings indicated that an MR procedure can be physiologically tolerated by

an individual with normal thermoregulatory function.
13-Aug-19 23
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N , : =) MRI BURN PREVENTION
N13luslvasHIunt (Electrical Burning) Tips for Keeping Patients Safe

Screen patients for implants, devices,
anything unknown is MR Unsafe.

H 1 S bjects that ing entering the is MR Conditional
 Burnscaused by electrical currentsin |.@' R S Ve oo o M oo eyt s
All metals, even non-ferromagnetic ones, have the potential to heat up and
cause burns.

, and other metallic objects. Assume

conductive loops,

Have patients change out of street clothes whenever possible.

Position patients to avoid skin-to-skin contact (e.g. no hands on hips, no crossed
arms, no crossed legs, etc.).

 When using equipment such as surface ‘ 6

and blankets may be added for patient comfort but are not a substitute for
manufacturer-provided padding.

COils' ECG leads' eXtremely Carefu" nOt to Always use the manufacturer-provided padding to insulate the patient. Sheets E

allow the wire or cabletoforma
,—60 ;ﬁl:fc;a:]ﬁ::;:{ifm scanner in a straight line. Don't coil cables or allow them
conductive loop with itself or with the Lowest

SAR

Use only Normal Operating Mode and the lowest SAR, whenever possible. il

subject.

Keep your eyes and ears on the patient at all times. Stay in communication with
patients to identify warming. Monitor sedated patients using MR Conditional
monitoring equipment.

13-Aug-19 24



Do not contact with =~
inner wall of gantry
F 2%

Inner wall of gantry

No formation of electrically
conductive loop due to skin
contact

There is a risk of burns at the point of contact due to induced
current which is caused by skin contact or contact with the
inner wall of the gantry during MRI scans.




Inappropriate position (1)

Arrvis foided

® Inappropriate position (2)

f

»

Hand clenched




Appropriate position

Place body in non-contact with
inner wall of gantry!

Place arms and legs apart
to avoid skin contact!!







MRI Access
Area

©Magmadix. Inc. 2009 www, .com 866-646-3349

ACAUTION

Restricted Access

Screened MRI
Patients and MRI
Personnel Only

MRI Patient
Screening
and
Preparation

Restricted Access

Screened MRI Patients
Under Direct Supervision
of Trained MRI
Personnel Only




MRI NOTICE ldJsansnu

9/ 1 [ ]

MRI ZONE | AU MRI ZONE || WU

-2

MRI Patient NUNAANTDILAL

. Screening and | LA3BNAEUIENTIR
sUTNLLULAAN Preparation MRI

%

AUhefUNAnRans39 MRI NSaUNRAGBLINMLNT adgheilingIvengunsasuuen

o q

CAUTION TuUsas279 DANGER é’usa

MRI ZONE Il R~ MRI ZONE IV Wi
Restricted MRI area ﬁUﬁﬂQUﬂlﬂJ

MRI Access Area ﬁuﬁﬁaq@i’aﬁ]

Restricted MRI area ﬁuﬁﬂqu Al

Screened MRI patients
and trained MRI

personal only

anzgUaenela

Screened MRI patients ) S
1Y Y 1w
LU UIN MRI U

v a o
RWIZHUNAANTDY

y oy o
LA S EITNRUTINENIUU
Filsiieadestunisnsan MRI nansesuuen

and MRI personal only

WnihwazEtendaldlasunisnsivaeunis

wawlane U lasfinun



MRI Safety

Employees of the Westchester Medical

Center in Valhalla, N.Y., gather outside

after learning of the deadly MRI incident.

(ABCNEWS.com)

Emergency situations on MRl area

Hospital Nightmare
Boy, 6, Killed in Freak MRI Accident

@;\'1;;\1.'5.‘0":

July 31 — 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.

13-Aug-19
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Emergency situations on MRl area
MRI Safety

@

Q: ANl UAMANEIYRINU MRI Mnadululssnalng?

Unreported cases

1. Oxygentank hitthe magnet

2. Headinjury of engineer by projectile (tool)
3. Somecaseswedontknow

13-Aug-19
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Emergency situations on MRl area
MRI Safety

mninawvnaNauluias MRI

°*  n13NBNRNLAY (Resuscitation)

* daunnaudiedUiuaanainiias MRI Tii5angal

13-Aug-19 33



Emergency situations on MRl area
MRI Safety

Q: Uu Emergency %38 Quench viminiazlsuaziiialaninlsasnaduil?

Superconducting system 214 Liquid Helium Tu
A13INWENTNAUNB N

\Wanadu Emergency, Liquid Helium aggnusagaan
gnreuanluanin Helium gas yilvitinn1saudide

‘ & ;, & ! = 113 99

] dn1nAuLUULNLEaN “Quench

| e
| EMERGENCY
RUN DOWN

e s il AAINALNBNMARNIAUNE “ANULHEIITRIUATIUILA

¢ WILL DE-ENERGISE
THE MAGNET

WARNING: ENERGISING THE aa
MAGNET IS A LONG AND GUfJ ) ”
COSTLY PROCESS

o

13-Aug-19 34



LUIN19ANNUAdANYNIS5 LTRSS MR

AUNNWIAANAAN

N384 Quench %38 Resuscitate

Fann 8NN

Thin Pt. sanandedliisadign

=2 2 1

wanideensly pulse Allefienn SAR NgUae

v v = g va Y
AIULVUVBY maaumwnszmgﬂ'w
oL, sequence M lAiAn 1¢5u lilAAudadnna A238N153A MRI Safety Zone
ammmmanag‘lu M1 Screening Form

v &
NATNUBNITSAN

UIMIZIUYBY FDA naniaedlilanglnves

ns2vdaulans Nauun A25UsNANNUADANY MRI LA

€ o/ L o Y
yua ¥ gunIauduNanIU2e yoou o v g
gUaeidniies MRI gayligUaedae Ear plug : L Wi egnsdastlay 1 s

Jasnupiaviialvsi (Burn)

%30 Head phone AT

o o
IoanLduang
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 MHRA: Safety Guidelines for Magnetic Resonance
Imaging Equipment in Clinical Use (November 2014)
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