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Generating X-Rays

In diagnostic radiography, x-rays ere produced whea high-energy electrons collide with a metal target in an x-ray
tube (see below). X-rays are only produced when the machine is activated. The patient does not become
radioactive, i . ,

In the x-ray tube, electrons are generated at the filament end of the x-ray tube by thermionic emission (boiling of
clectrons from the filament). They are then given kinetic energy by applying a high voltage between the filament and
the target. If a voltage of 100,000 volts (100 kVp) is applied to the x-Tay tube, the electrons will strike the target
producing x-rxys with enesgies from 0 to 100 keV. Note: kVp is the voltage spplied to the x-ray tube and keV is the
energy of the x-ray. The low energy x-rays can not get out of the x-ray tube 50 the actual spectrum of x-rayy range
from about 10 keV to 100 keV. The higher the x-ray energy, the higher its ability to penetrate tissue. As the kVp
increase so does the intensity of the x-ray beam, i.c. more x-rays of ail energies are generated: .

*  The cacrgy of the x-rays is detormined by the voltage spplied tg the tube, kvp.
o The quantity of x-rays is determined by the milliamps (mA) of current flowing in the x-ray tube (and also by

the-tube voltage).
° The higher the mA, the higher the radiation dose
Bedron NV‘;;;; mugepﬁ::meofw;ﬁdonﬁnaﬁedh;ﬁe‘
h quality ig the number of x-rays reaching the
DargetNodery Image contrast ig the difference in the number of
Tongstm ‘ photons that get through the various parts of the
body being imaged. The higher the kVp, the more

photons  that get through, resulting in less
differentiation between tissues (contrast).

( &) “The goal is to keep the mA as low as possible and
' —— the kVp as high as possible to achicve a

compromise between the the number of photons
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i

-———-—.. . reaching the film and optimum image (contrast), .

CAUTION
oA

RADIATION AREA
WHEN X-RAY ENERGIZED

Because radiation cannot be seen or felt, the radiation
symbol is used to alert you to its presence. All rooms
ar areas where radiation-producing equipment is used
are posted with this sign. :

(maigenta or black with 2 yellow background)
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Split Acting RSO Contact information:
Desiree Duncan at (252) 678-6726 or duncand@edgecombe.edu
Deanne Swartout at (252) 678-6737 or swartouts@edgecombe.edu

Radioactivity and Radiation

All matter in our environment is made of atoms. Most atoms we encounter on Earth are stable. Some atoms,
however, are unstable, giving off energy in the form of radiation in order to reach a stable state. These atoms are
said to be radioactive. An example is the radionuclide, Carbon-14, produced in the atmosphere when cosmic rays
interact with stable nitrogen atoms. When a Carbon-14 atom undergoes radioactive decay, it gives off radiation in
the form of a beta particle and then becomes a stable nitrogen atom once again. The existence of Carbon-14 in all
living things enables archeologists to date ancient artifacts.

Radiation can be naturally-occurring or produced electrically, as in an x-ray tube. Radiation can only be detected by
specially designed instruments. Radiation is known to cause cancer and birth defects in animals and humans. The
risk of radiation damage is related to the amount of radiation absorbed by an individual. With the amounts of
radiation encountered by employees and students at Edgecombe Community College, the risk is very small.

There are small amounts of naturally-occurring radioactive substances in soil, rocks, plants, animals and in our own
bodies, all of which give off radiation. Large amounts of radiation are present in outer space and a small portion of
this radiation penetrates the atmosphere. The low level of naturally occurring radiation is known as background
radiation.

Radiation is useful in diagnostic imaging because of its ability to penetrate tissue, allowing imaging of internal
structures. However, radiation may produce harmful biologic effects. Observations of exposed human populations
and animal experimentation indicate that exposure to low levels of radiation over a period of years may lead to an
increase in the incidence of cancer and leukemia. Exposures to high levels of radiation produce the same effects
faster and many also cause hair loss, skin burns, radiation sickness or even death. Radiation may also increase risk
of genetic abnormalities.

Radiation Protection in the ECC Radiography Program

To minimize the biologic effects of radiation, specials rules and regulations are set forth for individuals
occupationally exposed to radiation. The amount of radiation received by persons exposed occupationally should
not exceed the dosages specified in the NC Regulations for Protection against Radiation, 15A NCAC 11. These
regulations and other information is available at http://drp.enr.state.nc.us/

There is, in general, minimal external radiation hazard to personnel/students from procedures involving radiation.
Adherence to guidelines contained in this manual will help all x-ray equipment operators keep their exposures as
low as reasonably achievable (ALARA), and reduce radiation exposures to levels allowable for individual members
of the public or in some cases, to levels indistinguishable from natural background.

Radiation safety services are provided for the ECC Radiography Program by Landauer Medical Physics and
Radiation Detection Company, Inc. These services include the oversight and administration of the personnel
monitoring program, area surveys/shielding plan reviews, x-ray equipment inspections, and training of employees.
Questions regarding safety may be directed to the acting radiation safety officer (RSO). '

All ECC radiography and imaging students, as well as registered technologists employed by the college, are
required to adhere to the radiation safety procedures outlined in this manual.
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Basic Radiation Safety Procedures

The radiation protection program is guided by the concept of keeping radiation exposure As Low As Reasonably
Achievable (ALARA). The ALARA concept assumes that any radiation dose, no matter how small, can have some
adverse effect. Under the ALARA program, every reasonable means of lowering exposure is used. Radiation
exposure can be minimized by utilizing three basic principles:

1. Time
2. Distance
3. Shielding

Remember that radiation cannot be seen or felt, but can be detected with radiation survey meters.

Dose Limits/Monitoring Requirements

A individual is required to be monitored if he/she is likely to receive in excess of 10% of the dose limits. Those

dose limits are:

Occupational dose Category Dose Limit Dose Limit

limits Annually mrem mSyv
Total Effective Dose to Whole Body 18 > 5,000mrem per/yr S0mSv per/yr
Eye Dose Equivalent to the Lens of the Eye | 15,000mrem per/yr 150mSyv per/yr
Shallow Dose Equivalent to the Skin of any | 50,000mrem per/yr | 500mSv per/yr
extremity
Cumulative lifetime dose 1,000mrem x age 10mSc per/yr
Embryo Fetus Exposures Monthly 50mrem per month | 0.5mSv

monthly

Embryo Fetus Exposures for Entire 500mrem entire SmSv entire
Pregnancy pregnancy pregnancy

Educational and

Training Exposure

Annually
Total Effective Dose to Whole Body < 18 100mrem per/yr ImSv per/yr
years of age

Action Levels:

Quarterly Dose that the

acting RSO will

conduct counseling at

ECC
<18 years of age student >10mrem 0.ImSv
>18 years of age: >125mrem 1.25mSv
Embryo Fetus Exposures Monthly > Smrem 0.05mSv

Personnel radiation monitoring is provided to those individuals who frequently make exposures, supervise
radiography or imaging students, and perform clinical rotation within close proximity to radiation performing
equipment. Radiation exposure is monitored with a an 84 OSL XG Badge dosimeter by the Radiation Detection
Company, Inc. If assigned a badge, the individual must;

e Always wear the badge when working around radiation sources and make sure it is the badge assigned to

you, the individual.

(updated 7/2024)
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e Wear the badge on your collar facing outward (not on your name tag/badge). If a lead apron is worn, the
dosimeter badge should be on the outside of the apron.

e When not in use, store badges in a low radiation area. Do not wear your dosimeter badge outside the
clinical facility or educational facility. The control badge shall also be stored in a radiation-free area. The
acting RSOs are responsible for the exposure records and exchanging the badges.

Action levels have been set which trigger investigations to determine if the exposures were as low as reasonably
achievable. If not, recommendations are made to ensure that future exposures are ALARA.

Try to keep your, individual, personal radiation exposure as low as you can. Be aware of where you are standing
and how long you stay in the radiation area. Do not enter or remain in a radiation area unless it is necessary.
Students should NEVER hold patients or image receptors during any active radiographic procedure! During
mobile fluoroscopic studies, students need to be mindful that the x-ray tube side of the c-arm is the largest area of
scatter radiation for their safety in placement. For patient safety during flunoroscopy procedures, the part should be
placed as close to the image receptor (image intensifier) as possible for reduced exposure. If you suspect there has
been excessive exposure or a radiation incident, immediately notify an acting RSO.

Fetal Protection Policy

ECC has adopted a policy to protect the fetus/embryo of the pregnant female exposed to ionizing radiation in the
educational and clinical environment. Regulations limit occupational dose to the pregnant technologist to 500 mrem
over the course of the pregnancy. IF the female declares voluntary pregnancy in writing to the acting RSO and
clinical coordinator, all information relative to the individual’s pregnancy will be held in the strictest confidence.

If the female declares voluntary pregnancy, she should notify in writing to one of the acting RSOs. The acting RSO
will arrange for to meeting to discuss acceptable protocol and precautions in order to limit radiation exposure. The
acting RSO will review current clinical assignments, and the females’ radiation exposure history. A second
radiation monitor will be ordered and assigned, with radiation exposures to be reviewed monthly with the pregnancy
individual. The fetal badge will be worn at the waist level with or without an apron. If wearing an apron, the fetal
badge must be placed beneath the apron at waist level. The pregnant female must remain well behind the control
barrier during radiographic exposures. During fluoroscopy, portable/mobile imaging, surgical procedures, and
special procedures, the pregnant female must wear a lead apron that is a minimum of 0.5 mm Pb equivalent and
maintain as much distance (minimum 6 feet) between the radiation source and self. Under no circumstances will
the pregnant student be allowed to hold patients or image receptors during x-ray exposure. The pregnant
female will be given the opportunity to read and discuss the USNRC Regulatory Guide 8.13 “Instruction concerning
Prenatal Radiation Exposure”, the NCRPAR Rules and Regulations, Parts1SA NCAC 11.1316 and 15A NCAC 11
.1610 and the NCRP Report no. 116. To help assure that radiation exposure to the individual and fetus are kept as
low as reasonably achievable (ALARA) practices will be followed. The three cardinal rules of radiation protection
include, the least amount of time spent in vicinity of generated exposure, the greatest distance from the source and
the interposing of shields between the source of x-rays and self or fetus must be followed. The individual will be
informed of her options to the pregnancy policy upon acceptance of employment or during pre-program orientation,
again in the initial program orientation, and finally if student chooses to voluntarily disclose a pregnancy. The
female will acknowledge awareness of the increased risk of embryological effects due to potential exposure of the
embryo/fetus during the pregnancy. To declare voluntary pregnancy, individual will complete the Voluntary
Pregnancy Declaration Form. Please refer to the Voluntary Pregnancy Declaration Form attached for options.
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Note: The “Individual” is referencing the student and/or the faculty person

Radiation Exposure Protocol
ECC has adopted a protocol for incidental or accidental exposure of an employee or student by the radiation beam.

I. Incident must be reported to an acting RSO immediately after exposure.

2. Ifan faculty member is exposed to radiation by incidental or accidental means, the individual must
report the incident to the acting RSO within 24 hours of the exposure (unless incident occurred during
the weekend rotation...then the following Monday will be the dedicated meeting date). This meeting
will be conducted to gather and document information related to the exposure incident.

If a student is exposed to radiation by incidental or accidental means, the individual must report it to
the clinical coordinator and a meeting will be conducted to gather and document information related to
the exposure incident. A second meeting will be conducted with the acting RSO and the exposed
student within 48 hours of the incident. The events of the meeting will be documented for a Plan of
Action (POA).

Radiation Detection Company “Emergency Reading” Protocol

1. The acting RSO will collect the OSL dosimeter badge ‘to be read’ and will make the arrangements for
it to be sent out by FED EX overnight.
2. The tracking number and expected date of arrival are to be reported to the Radiation Detection
Company Customer Representative,
Peggy Schultz
Customer Care Representative
ECC ACCT# 134638
Radiation Detection Company (RDC)
3527 Snead Drive
Georgetown, TX 78626
edusupport@radetco.com
customercare@radetco.com
phone: 512-831-7000; fax: 512-861-0248

3. At this time, the acting RSO will inform the customer representative that this is an “Emergency
Reading”. A fee of $75.00 will be billed to ECC along with $10.00 per badge reading fee.

4. Once the OSL badge is received by RDC, there is a 24-hour tum-around time for results to be
processed and sent to the acting RSO.

5. Once results are received by the acting RSO, the clinical coordinator, and the program chair, the
exposed individual will be notified and counseled. The exposure results will be documented and filed
in the employee or student’s master file.

Important Information

A copy of the NC Regulations for Protection against Radiation (NCRPAR) is always available for review
in the office of the Program Chair and RSO.

The NCDENR “Notice to Employees” is posted in the radiographic lab on the generated radiographic room

door for review.
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Rules Governing Radiation Protection

It is the responsibility of each individual working within the Radiology and Imaging Program to protect self and
others from the hazard arising from his work. Careless working habits and bad examples may unnecessarily expose
employees and patients—this cannot be tolerated. Follow the list of rules for clean, careful working habits, as well
as guidelines for efficient operation of the Radiology and Imaging Program.

Personnel monitoring devices (OSL badges) will be worn by all registered technologists or students in the
appropriate location (level of thyroid). If a female individual is pregnant, a second OSL dosimeter badge should be
worn at waist level.

Radiography programs use a quarterly reporting system. Imaging Programs (Mammography, CT, MRI) use a
bimonthly reporting system. The OSL badges will be reviewed by the acting RSOs. Employee and student are
required to review, initial, and date readings per program procedure to maintain confidentiality of protected
information.

All individual dosimeter readings will be reviewed to meet the ALARA (as low as reasonably achievable)
confirmations. All individuals must follow the ALARA concept for personnel protection.

Protective lead gloves, thyroid shields, and aprons, are to be provided and worn by personnel aiding or working in
the radiology department. These lead accessories are inspected and x-rayed semi-annually for defects. Always
hang lead accessories up upon completion of an exam to provide longevity of the items.

Always wear protective apparel when not behind a protective barrier. Remember, for portable exams, to wear lead
apron, if possible, thyroid shield and stand at least 6 feet from the source of x-rays. When a portable exam is
required, the registered technologist is responsible for providing lead aprons to other hospital employees that need to
be present during the exposure.

STUDENTS are NEVER to be in the primary beam, hold image receptors, or patients during any
radiographic procedure when an immobilization method is the appropriate standard of care!

Collimation is an Obligation. The individual has an obligation and a responsibility to collimate to the smallest
field size appropriate for the exam when possible.

The individual will understand and apply the cardinal principles of radiation control: Time, Distance, Shielding.
Registered Technologists should never routinely hold patients during radiographic exams. Mechanical restraining
devices, sponges, tape, etc., should be used when possible. Otherwise, a willful family member or another hospital
employee can be used. However, no hospital employee should be routinely used for holding purposes during
radiographic exams. STUDENTS ARE NEVER ALLOWED TO HOLD PATIENTS or IMAGE
RECEPTORS! (students please refer to #6).

The individual will never stand in the direct (primary) x-ray beam.

The individual will be sure to stand behind the protective lead barrier an all doors are to be closed to the energized
radiographic room.

The exposure switch is fixed on all the diagnostic units, and cannot be operated outside a shielded area.

Individuals will always ask female patients of potential pregnancy prior to procedure. Child bearing age for women
is the age of 9 — 65.
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14. All patients of reproductive potential to be x-rayed shall be protected with gonadal shields and thyroid shields (if it
does not interfere with the exam) will be kept away from the radiation areas when not being x-rayed. All women
under the age of 65 and all men under the age of 65 should be protected during a radiographic exam with a gonadal
shield. If they have been altered reproductively, you may shield anyway for the sound security of doing so.

15. STUDENTS will shield EVERY patient as long as it does not interfere with the exam!

16. Do not allow familiarity to result in false security!

Acting RSO (Split) - Desi and Deanne

Duties/Responsibilities:

DESI

e Provide ‘Occupational Dose History’ Request reports from employers/students when requested within 48
hours.

e Replacement/order badges within 48 hours of requests

e Cancel badges within 48 hours of request

e Keep and scan all packing slips for payment of invoices.

e Invoices to be paid

e  Annual Program Review Reports (documentation and upkeep)

e Placing a block on a student’s account when badges are not returned upon graduation

e Revisions of Imaging Safety Manual to include Radiation safety and MRI safety, starting fall 2018.

e Keep control badge and visitor badge in your office.

e Return all unworn badges in separate packing with a note to identify these badges were not worn, to be
cancelled, do not charge!

e Return ALL badges before 14 -18 days and to include all badges with control badges for return. Badges
should not be returned without control badge!

o Any badge not returned within the 20 days is subject to a late fee by the owner of the badge ($50).
This is what RDC company charges ECC.

DEANNE

e Distribute and go over the Imaging Safety Manual with the RAD students
e Counseling (if dose is near or higher than our guideline)
e Order/Cancel - Fetal Badges and Volunteer fetal disclosure documentation
e Keeping accurate documentation and obtaining initials from RAD, CT/MRI students/employees on
Occupational Radiation Exposure dose reports in a timely manner
o These are to NEVER be destroyed and kept in a binder for recording keeping.
o Archives of documents are to be scanned in the R drive under the Acting RSO folder. Folder
location is: R:\B\RSO\Occupational. Rad.Exp.Dose.Reports (by year).

CT/MRI responsibilities:

« Distribute and go over the Imaging Safety Manual to CT/MRI students. (Starting fall of 2018, this safety manual
will include, “Radiation and MRI safety”.

o  Timely, 2 week turn-around, for old badges when new badges are issued.

e Email student reminders to collect all badges on final exam day. (to increase return rate in a timely
manner) — remember, every badge that is late, it cost the college a minimum of $35.

(updated 7/2024)
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RADIATION MONITORING FOR FACULTY and STUDENTS
2024

ECC Dosimeter

All radiation workers must be monitored to track the amount of radiation (dose) they receive at work. There are
several types of radiation monitors/dosimeters. ECC uses the 84 OSL XG Badge dosimeter which is the Optically
Stimulated Luminescence (OSL) of Beryllium Oxide (BeO) blister packet. Radiography and Mammography are
monitored on a quarterly period. CT/MRI are monitored on a Bi-weekly period. Fetal is monitored on a monthly
period.

Description
OSL Whole Body Dosinmieter

Personnel Badges are used to monitor occupational exposure to a single individual working with radioactive
materials including Photons (gamma and X-ray) to ensure the dose received remains within the allowable Dose
Limits.

The OSL dosimeter is a 2-element beryllium oxide (BeO) badge with a minimum reportable dose of 10 mrem (0.1
mSv), and a LLD of 1 mrem (0.01 mSv).

. Standard OSL badge or type 84 badge for photon monitoring.
. Energies Measured: Photon: 12 keV — 7 MeV.
. Reporting Periods: Monthly, Bi-Monthly, Quarterly, Semi-Annual, Annual

How the OSL work?

Optically stimulated luminescence (OSL) is a process in which a pre-irradiated (exposed to ionizing radiation)
material when subjected to an appropriate optical stimulation, emits a light signal proportional to the absorbed dose.
The wavelength of the emitted light is the characteristic of the OSL material.

The measure of a luminescence

Within a number of materials, the electrons and holes produced during radiation exposure can become trapped at
crystal defects. These remain stored until they are excited, or stimulated, from these traps giving rise to optical
emission. The intensity of the optical emission is a function of the radiation exposure and the method/intensity of the
stimulation. If the trapped charges are excited by thermal stimulation (thermoluminescence) then most of them are
released and any record of the radiation exposure is lost. However, if the trapped charges are optically stimulated,
only a small fraction of the trapped charge is released. The process is optimized by the frequency of the stimulating
light, the characteristics of the photomultiplier used to detect the emitted light, and the material used as the OSL
detector.

During readout, only a small fraction of the trapped charges is released. Thus, much of the trapped charge is retained
following stimulation and may be released in subsequent stimulations. This enables OSL dosimeters to be read out
many times without significant loss of signal.
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What they are not
They do not protect you from radiation; however, they are considered a form of radiation protection because you get

quarterly reports of how much radiation you received. After viewing report, you may decide you need to change
your radiation protection practices.

They are not to be mistreated. Do not wash or dry it; do not leave it out in the sun for extended periods (in car); and
do not leave it lying in a radiographic room (incl. CT); do not forget to take it off the apron directly after apron use;
do not wear in tanning salons, do not wear for personal medical x-ray, i.e., If you mistreat it (intentionally or
unintentionally) please report it to the RSO. Any abnormal readings must be documented in our records and the
monitoring company records.

They are not to be shared!

How to wear (individual dosimeter)

Must be worn at collar level clipped to clothing

(not to be clipped on the name badge because it will flip around backwards and not read properly)

Must be worn outside of lead apparel (collar level)

How will I know what my exposure is?
The acting RSO will review quarterly report with individual.

Students Remember if you forget your dosimeter on a clinical day, you will be sent home and the day is counted as
a full absence.

If you lose your dosimeter, you must inform the acting RSO, IMMEDIATELY! The monitoring company will
have to overnight you a replacement OSL (which can take up to three days to arrive from Texas). The cost of
overnight shipping and the replacement badge is to be paid by the student.
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DETECTION CO.

Invisible guardians of the people who keep us safe

TLD-XBGN & OSL Dosimeters
Badge Label Information and Wear Instructions
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An accredited dose monitoring program is required to .
demonstrate compliance with state and/or federal regulations.

RDC's dosimetry service is designed to provide valuable dose
information for a facility's personnel moriitoring program. To

obtain accurate and meaningful data from our service, it is

important to observe the following:

« The dosimeter should be worn at all times when there is a
potential for occupational exposure to ionizing radiation.

« Dosimeters not in use should be stored in an area without
radiation to prevent exposure that is not work-related.

« Remember to return the control dosimeter with the rest of
the dosimeters for the same wear period. The control is
used to monitor background radiation and any dose
received by the dosimeters in transit. Any dose recorded .
by the control is subtracted from the other dosimeters, so
the control should not be used for any other purpose.

. Dosimeters should be worn at the body location indicated
on the dosimeter label and should never be cut, covered,
blocked, or written on. When a protective garment is worn,
the dosimeter should be worn at the collar, outside the
protective garment or at the waist, behind the protective
garment.

C

S RN
Logo ~ /. (/:-‘:-“:ﬁ) \ Wear Location &
v N "\ » Wear Period Color Code

Human Readable| (3

Dosimeter _ Name/Place
Transaction |
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& T \ e } Wear Period
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Dosimeter 7/ - \
Transaction '
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Number (PIN)

Be sure to use only the dosimeter marked with the proper
individual's identification. If it is necessary to reassign an
unused dosimeter, please provide the necessary
information on a "Badge Reassignment Form" (available
online) and enclose it when you return the dosimeters.

Replacement dosimeters for the next monitoring period
will be sent before the beginning of the next monitoring
period. Begin wearing the dosimeters on the date printed
on the dosimeter label. Return worn dosimeters from the
previous monitoring period, along with their control, in the
pre-addressed mailing envelope or box provided.
PLEASE REMEMBER TO APPLY APPROPRIATE
POSTAGE TO AVOID DELIVERY DELAYS AND
INSUFFICIENT POSTAGE CHARGES.

Yo avoid unreturned dosimeter charges, return
dosimeters promptly after each wear period.

Please remember to detach the clip strap during dosimter
change out and transfer it to your replacement dosimeter.
Return only the dosimeter (less the strap) worn in the
previous monitoring period for processing.

3527 Snead Drive - Georgetown, TX 78626
1-800-250-3314 | radetco.com -

PD-02-902 Rev. 6 - 12/29/23 Page 1 of 1

Radiation Detection Company
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Note: The “Individual” is referencing the student and/or the faculty person

Edgecombe Community College
Radiography Program

Student Declaration of Pregnancy Form

In accordance with the NRC’s regulations at 10 CFR 20.1208, “Dose to an Embryo/Fetus,” I am
voluntarily, declaring my pregnancy. I believe I became pregnant in of 20
(month/year).

I understand the radiation dose to my embryo/fetus during my entire pregnancy is not allowed to exceed 5
mSv (500 mrem). The equivalent dose to the embryo-fetus in a month cannot exceed 0.5 mSv (50 mrem)
(unless that dose has already been exceeded between the time of conception and submitting this
declaration). As a pregnant student, I also understand the program must allow me continuance in the
clinical component without modification. The program may offer clinical component options such as:

(1) clinical reassignments and/or (2) leave of absence.

I have been given the opportunity to read and discuss USNRC Regulatory Guide 8.13 “Instruction
concerning Prenatal Radiation Exposure”, NCRPAR Rules and Regulations, Parts15A NCAC 11 .1316
and 15A NCAC 11 .1610 and the NCRP Report no. 116.

I, , am declaring pregnancy. I have met with the
Program Chair, Clinical Coordinator and the Actlng Radiation Safety Officer. I am choosing to select
Option

Option I:
The female has the right to make written voluntary declaration of pregnancy.

Option II:
Continue with the clinical components without modifications, until pregnancy is
terminated. I understand that I am expected to fulfill all work requirements and adhere to all
radiation guidelines and recommendations as follows:

a) The pregnant individual will be provided an additional dosimeter badge to monitor
exposure to the fetus.

b) The pregnant individual will be required to adhere to the provisions of ALARA.

¢) No more than 10% of the allowable monthly fetal dose will be tolerated without a
conference with the acting RSO and a plan of action (POA) will be enforced. Ten percent of

the monthly fetal dose is Smrem.

The radiography program will not be responsible for any injuries to the embryo/fetus should the
employee or student decide to remain working or in the program during the entire gestational period.
All students must meet the same clinical requirements for graduation.

(updated 7/2024)



Note: The “Individual” is referencing the student and/or the faculty person

Option III:
The student may request a leave of absence from the program and return after pregnancy or
maternity leave with a doctor’s clearance note.
The student must inform the program chair of her scheduled return. All students must meet the same

clinical requirements for graduation.

The student may request a leave of absence when she, the physician, or the Program Chair believes
that it is no longer viable for her to function in a manner conducive to learning. All students must
meet the same clinical requirements for graduation.

Option IV:
The student may request a leave of absence from the program and return within 1 year after re-
admission and not lose her status in the program, contingent upon JRCERT standard of 1:1 student to
tech ratio (meaning if there is clinical space). The student MUST inform the Program Chair of her
intent to return 3- months prior to ensure the program remains in compliance with JRCERT student
supervision requirements. All students must meet the same clinical requirements for graduation.

Option V:
Written withdrawal of declaration. I understand I have the right to withdraw this declaration.
(initials)
If written withdrawal of declaration, date supported: (initials)
Plan of scheduled return after pregnancy withdraw: (initials)

Pregnant Individual

Signature Date:
Program Chair Date:
Clinical Coordinator Date:
Acting RSO Date:

Acting Radiation Safety Section use only:

FETAL BADGE NUMBER: DATE ISSUED: DATE TERMINATED:

*updated: 2024,2020, 2016,2015,2014,2013,2012

(updated 7/2024)




Note: The “Individual” is referencing the student and/or the faculty person

RAD STUDENT RULES

For

RAD LAB AND EQUIPMENT CARE

e NO FOOD OR DRINKS IN THE GENERATED LAB
AREA - ABSOLUTELY NO GUM! |

e NO TAPE TO BE LEFT STUCK ON EQUIPMENT,
GRID HOLDERS, CR/DR IMAGE RECEPTORS,
TABLE OR TABLE PAD!

e NON-ALCOHOL WIPES TO BE USED TO CLEAN
EQUIPMENT ONLY! [CAVI WIPES]

e CLEAN EQUIPMENT/PHANTOMS AFTER END OF
EACH LAB OR USE!

e RETURN ALL EQUIPMENT, PHANTOMS,
ACCESSORIES BACK IN THEIR PROPER HOMES
AT THE END OF THE LAB (Neat and Tidy)!

e ALL MARKERS PLACED BACK ON MARKER
BOARD!

e LEAD APRONS TO BE HUNG UP NEATLY AT END
OF EACH USE!

o STRAIGHTEN AND CLEAN WORKSTATION
COMPUTER AREA AFTER END OF USE!

e RADIATION MONITORING BADGES MUST BE ON
COLLAR FOR ALL GENERATED EXPOSURES!

e PHANTOMS/EQUIPMENT THAT IS LOANED OFF
CAMPUS MUST BE LOGGED IN X-RAY
EQUIPMENT/PROPTERY LOAN LOG BOOK and
INITIALED BY A FACULTY MEMBER!

(updated 7/2024)



Note: The “Individual” is referencing the student and/or the faculty person

LAST LAB OF THE DAY OR LAST PERSON TO USE
ENERGIZED EQUIPMENT

e WIPE DOWN ALL EQUIPMENT WITH
Approved CAVI-WIPES ONLY!

* PLACE SLIDE BOARD ON X-RAY TABLE
WITH PILLOW ON TOP

e PLACE DR PLATE INSIDE THE BUCKY

e CLOSE COLLIMATOR SHUTTERS

e PLACE X-RAY TUBE IN ‘SLEEP MODE’

o CENTER AND LOWER X-RAY TABLE

e TURN OFF X-RAY CONTROL CONSOLE

e TURN OFF MAIN POWER SWITCHES

e INSTRUCTOR TO LOCK CIRCUIT
BREAKER

e ALL LIGHTS TURNED OFF

e MAKE SURE ALL LAB DOORS ARE
CLOSED AND LOCKED!

(updated 7/2024)



Note: The “Individual” is referencing the student and/or the faculty person |

SAFETY GUIDELINES
For The
GENERATED RADIOGRAPHY LAB

. Always wear a dosimeter badge on collar to obtain a record
of radiation exposure over a given period of time.

. No person is allowed in the radiography lab while
exposures are being made.

. The radiography lab will be kept locked except when being
used under supervision of a registered radiographer who is
readily available.

. A radiography faculty member must be present with
students if radiation exposures are being made.

. Students must attend a lab orientation before being allowed
to make exposures. The lab orientation will include
instruction on equipment operation and radiation
protection.

. Radiographic exposures will only be made of the
positioning dummy, phantoms, and other testing or
teaching equipment.

For additional safety guidelines, please see the document North
Carolina Regulations for Protection Against Radiation located in

the office of the Radiography Program Chair and/or Acting
Radiation Safety Officer.

(updated 7/2024)



Note: The “Individual” is referencing the student and/or the faculty person

Tube Warm Up - Procedure

e (lose collimator blades fully prior to exposure
e Select 80 kVp, 100 mA or 200 mA

exposure!
e Make (3) exposures, 30 seconds apart

(updated 7/2024)
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Note: The “Individual” is referencing the student and/or the faculty bperson

JRCERT Position Statement on Gonadal Shielding in the Clinical Setting

The Joint Review Committee on Education in Radiologic Technology (JRCERT) Standards for an
Accredited Educational Program in Radiography are designed to promote academic excellence, patient
safety, and quality healthcare.

Standard Five - Objective 5.3 of the Standards requires programs to assure students employ proper
safety practices. Programs achieve this by instructing students in the utilization of imaging equipment,
accessories, optimal exposure factors, and proper patient positioning to minimize radiation exposure to
patients, selves, and others. These practices assure radiation exposures are kept as low as reasonably
achievable (ALARA).

Gonadal shielding has been a longstanding practice during radiography examinations in instances where
the clinical objectives of the examination are not compromised'. Recent research? in the effectiveness of
gonadal shielding during abdominal and pelvic radiography has found, in most instances, that:

* Gonadal shielding does not contribute significantly to reducing patient risk from
radiation exposure;

* Gonadal shielding positioned improperly may have the unintentional consequence of
increasing patient exposure;

« Gonadal shielding positioned improperly may result in the loss of valuable diagnostic
examination results.

Based on the recent research pertaining to the use of gonadal shielding during abdominal and pelvic
radiography and the longstanding practice in radiography to only shield in instances in which diagnostic
quality will not be compromised, the JRCERT has concluded that routine use of gonadal shielding for
abdominopelvic radiography exams should not be standard practice for clinical radiography students
when the use of such could interfere with the diagnostic quality of the exam and may result in the risk of a
repeat exposure.

Educational programs should review and consider amending, if necessary, policies to assure that the use
of gonadal shielding should only be utilized when it will not interfere with the purpose of the examination
and when it aligns with clinical facility policy.

Consistent with Standard Five, programs must have policies/processes in place to assure students are
educated on the importance of the proper use of shielding and optimal use of radiation to promote the
health and safety of students, patients, and the public.

1 [NCRP] National Council on Radiation Protection and Measurements. 2021. NCRP Recommendations for Ending Routine
Gonadal Shielding During Abdominal and Pelvic Radiography. Bethesda (MD): National Council on Radiation Protection and
Measurements. Statement No. 13.

2 [FDA] U.S. Food and Drug Administration. 2020. Food and Drugs; radiation protection recommendations; radiological health;
recommendations for the use of specific area gonadal shielding on patients during medical diagnostic x-ray procedures.
Washington (DC): US Government Publishing Office. 21 CFR Part 1000.50.
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RATIONALE

At ECC, an annual MRI safety training session is held for students and faculty. MRI safety training is
performed by an ECC imaging faculty member certified in MRI, Rick Mastman, B.S.,
R.T.MR)CT)(ARRT) or Amie Sasser, BS, R.T.(R)(CT)(MR)}ARRT). The training session is
performed the first semester (prior to clinical entrance) for new students in radiography and MRI.

Annually, a second training session includes the sophomore radiography students prior to their clinical
rotation into their advanced modalities. The training session is conducted in the radiography clinical
orientation sessions (first fall semester) prior to clinical entry and then again (second fall semester) prior
to clinical rotation into an advanced modality.

The MR safety educates the enrolled students on effects of the static magnetic field used in MRI
education and training in gradient magnetic fields, radio frequencies, cryogens, MRI personnel, facility
safety zones, and MRI screening and processes. The end of the MRI safety training session, the students
screen each other using a MRI screening form.

MRI SAFETY PACKET INCLUDES:

L Agenda

II. MRI Safety Power Point by Rick Mastman, B.S., R.T.(MR)(CT)(ARRT) or Amie Sasser,
B.S., RT(R)(CT)Y(MR)(ARRT)

III. Generic MRI Zone Diagram

Iv. Zone 3/4 Pre-Screening Form

V. MR Procedure Screening Form for Patients (role play exercise)

VL MRI Safety Training Review (Q/A quiz)

VII. eRadlmaging Article: MRI Safety

VIII. eRadImaging Artcle: MRI Safety (Q/A quiz)

IX. MRI Safety Training Verification Form

(updated 7/2024)
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AGENDA

I. Magnetic Resonance Imaging Safety
A. Static Magnetic Field
1. Warning Signs
2. Safety Labels
B. Personnel
1. MR Medical Director
2. Non-MR Personnel
3. Level 1 Personnel
4. Level 2 Personnel
C. Facility Safety Zones
1. Zone |
2. Zone 1l
3. Zone IIT
4. Zone IV
D. MRI Screening Forms
1. MRI Patient Screening Form
2. Environmental Screening Form for Individuals

IL Magnetic Resonance Imaging Safety Training Verification

(updated 7/2024)




L Magtietz’c Resonance Imaging

(Saféty)

©WIER Masmen

Magnetic Resonance Imaging

(Safery)

- Four major areas of concem:

Static Magnetic Field -
Gradient-Magnetic Fields
Radio Frequencies
Cryogens

©IDI6 R, Masmns

4, Static Magnetic Field

3D
Fringe
Field

O 2016 R Mmtmtn




- Static Magnetic Field ...

T Wamifg Signs” (eeses
{Maprotic : v
=  [B=

 Static Magnetic Fieid;' R

Safety Labels

- -B.Personnel - "

~ ‘MR Medical D_irector

Non-MR Personnel

Level-1 MR Personnel

" Lével 2-MR .'Fy?erso'nne'l'l-' :

©2016 R Masman

-



C. Facility Safety Zones

Zone |
Zonell -
Zone (Il

Zone IV

€160 Mutmar

Facility Safety Zones e

Generic MRI Zonc Diagram . |5, ek
Thew procdchincs. wune B, Suildy’s Sparge oad R sdmoe e
airry pracel oo pprpriarcly inplomcmed L gl e

v 208 bty s et S,

See Handout

D.ﬁ MRI Scréeniiig F ormsl

MRI Patient Screening Form

Environment Screening Form for Individuals |

OI0E R Mamamm




| II. Magnetic Resonance Imaging
(Safety Training Verification)




WO TRAPIWIHICWMIN MMM 0) 03
‘yeamdmby pus sagiddng lages W suonippe s04

U0 51 ExBe 41, s s powly pum

W34 s ¥ (huin pomm 3G osye POy y 207 WG
. Snoudvs Buas xp oy anp snopazeq Aemmod Sug
ngizsﬁuvgi_.ﬁnﬂ

{j10nuoo sxa00w 2uaRXS *yooq L3y *8-0) wmshs Sunpoy

® jo 3sn 2 yfinang oiqnd (rssus g woy pojrgsas

Aiwoishyd aq pyriogs ¢ auoz o) 35303y “jaunossad

YW Arwudasdde 3 jo jaguos wnEuos pus 1xasp

34 Japum 51 uoistAladng “spray sunBvin puw nns

SUSURIIAD YA 2P pue wouxdmbo 10 00 Senpuasp

) UIIMIDG SBONIIINL O3 INP € SU0Z U IS P

qieap Jo Amfuy snouog -paiaunsas = rwsakdmbo pus
s123(go anufewownd) 10 [puvoRd YN e
~UoU PAIAIISON AQ MY ST 0} S3I00Y M aNoz

€ Uo7 -

“|puuosiad iy jo vowiazadng moynm

¢ du0z woydnonp arow o1 aay iou 51 ayqnd resusd

3] "swoos Butpjoy puv Suissasp yusned pur “Funjem

vondoas apnjout A[fesidis seare 7 3u0z “p pue ¢ suoz
P3tjonuod Apsus 0w ays pus | Mo ==

S

d1qtssade Adqnd sy U30M39q 830w oq | L] mho~

:1Z w0z

‘(Jusuruasaus Yy aq psno wnf
SDURNUS puv £10pwo3 “'3) jqnd (essas8 wo
Q533358 £1234 1w ey ‘WILONALS [~
YW o opisno mam oy |

WOz | w

: _uzﬂ-s\_=\, .
S o .

sourlu3 Awoey 10pwoD oqny

‘Paucwajdunt K[a1endosdde ase josoj0id Kyoges
pue 93eulrs s Ai1oe} siy) aansur saulaping asay|

‘weIdel(] SU0Z [N JLISUID)

Ay | | »P




Magnetic Resonance Screening Form for Students

Magnetic resonance (MR} is a medical imaging system in the radiology department that uses a magnetic field and radio waves.
This magnetic field could potentially be hazardous to students entering the environment if they have specific metallic,
electronic, magnetic, and/or mechanical devices. Because of this, students must be screened to identify any potential hazards
of entering the magnetic resonance environment before beginning clinical rotations.

Pregnancy Notice: The declared pregnant student who continues to work in and around the MR environment should not
remain within the MR scanner room or Zone IV during actual data acquisition or scanning.

Name: Date:
Circle Yes or No
1. Have you had prior surgery or an operation of any kind? Yes [ No
If yes to question 1, please indicate the date and type of surgery:
Date: Surgery Type:
2. Have you had an injury to the eye involving a metallic object (e.g. Yes No

metallic slivers, foreign body)?
If yes to question 2, please describe:

3. Have you ever been injured by a metallic object or foreign body {e.g., Yes No
BB, bullet, shrapnel, etc.)?
If yes to question 3, please describe:

Please indicate if you have any of the following:

Aneurysm clip{s) Yes No

Cardlac pacemaker Yes No

Implanted cardioverter defibrillator {ICD) Yes No
Electronic implant or device Yes No
Magnetically-activated implant or device Yes No
Neurostimulator system Yes No

Spinal cord stimulator Yes No

Cochlear implant or implanted hearing aid Yes No
insulin or infusion pump Yes No

Implanted drug infusion device Yes No

Any type of prosthesis or implant Yes No
Artificial or prosthetic limb Yes No

Any metallic fragment or foreign body Yes No
Any external or internal metallic object Yes No
Hearing aid Yes No

Other device: Yes No

| attest that the above information is correct to the best of my knowledge. | have read and understand the entire
contents of this form and have had the opportunity to ask questions regarding the information on this form. Should any
of this information change, | will inform my program director.

Signature of Person Completing Form: Date / /

DThe student has not identified any contraindications to entering MR Zone [ll or IV.

DThe student has identified contraindications to entering MR Zones |I! and V. The student has been advised not to progress past MR
Zone Il unless screened by an MR Level Hi Technologist onsite at each clinical setting.

Form Information Reviewed By:

Print name Signature Title

Be advised, the MRI system magnet is ALWAYS ON.

| understand that if there is a change in my medical status which would alter my answer to any of the

m above questions, | should notify the Program Director immediately




MAGNETIC RESONANCE (MR) PROCEDURE SCREENING FORM FOR PATIENTS

‘ PDatc |

—_— ' Patient Number
Name : Age Height Weight. -
Lastrame  First name Middle Initial g _ g cight -
Date of Birth / / Male 0 Femaled  Body Part to be Examined
month  day year . .
Address . . Telephone (home) (_ )
City " Telephone (work) (___ )
State Zip Code
Reason for MRI and/or Symptoms ~
Referring Physician . Telephone ( ) -
1. Have you had prior surgery or an operation (c.g., arthroscopy, endascopy, etc.) of any kind? O No 1 Yes
If yes, please indicate the date and type of surgery:
Date / / Type of surgery
Date / / Type of surgery : : .
2. Have you had a prior diagnostic imaging study or examination (MRI, CT, Ultrasound, X-ray, ctc.)? ONo ‘0 Yes
If yes, please list: Body part Date Facility
MRI . / / .
CT/CAT Scan / /
X-Ray / /
-~ Ultrasound / /
‘ Nuclear Medicine / /
Other. / /
3. Have you experienced any problem related to a previous MRI examination or MR procedure? 0O No O Yes
If yes, please describe:
4. Have you had an injury to the eye involving a metallic object or fragment (e.g., metallic slivers, :
shavings, forcign body, etc.)? O No O Yes
If yes, please describe:
" 5. Have you ever been injured by a metallic object or forcign body (c.g., BB, bullet, shrapnel, etc.)? 0O No 0 Yes
If yes, please describe:
* 6. Are you currently taking or have you recently taken any medication or drug? O Ne O Yes
If yes, please list: ) ‘
7. Are you allergic to any medication? ONo OYes
If yes, please list:___- . X
8. Do you have a history of asthma, allergic reaction, respiratory disease, or reaction to a contrast
medium or dye used for an MRI, CT, or X-ray examination? - O No 0 Yes .
9. Do you have ancmia or any disease(s) that affects your blood, a history of renal (kidney)
disease, renal (kidney) failure, renal (kidney) transplant, high blood pressure (hypertension),
liver (hepatic) disease, a history of diabetes, orseizures? ONo O Yes
‘If yes, pleasc describe:
For female patients: N _
10. Date of last menstrual period: / / Post menopausal? - ONo O Yes
11. Are you pregnant or experiencing a late menstrual period? 0O No O Yes
12. Are you taking oral contraceptives or receiving hormonal treatment? O No O Yes
13. Are you taking any type of fertility medication or having fertility treatments? 0O No O Yes
If yes, please describe:
O No 0 Yes

A 14 Are you currently breastfeeding?



WARNING: Certain implants, devices, or objects may be hazardous to you and/or may interfere with the

MR procedure (i.c., MRI, MR angiography, functional MRI, MR spectroscopy). Do not enter the MR system room
or MR environment if you have any question or concern regarding an implant, device, or object. Consult the MRI
Technologist or Radiologist BEFORE entering the MR system room. The MR system magnet is ALWAYS on.

Please indicate if you have any of the following:

O Yes
O Yes

0 Yes -
0OYes

- OYes
O Yes
0 Yes
O Yes
O Yes

O Yes-

0O Yes
0O Yes
0O Yes
O Yes
0O Yes
0 Yes
O Yes

O Yes

O Yes
0O Yes
O Yes
OYes
0 Yes
0 Yes
O Yes
0O Yes
0O Yes
-0 Yes
0O Yes
0 Yes
O Yes
O Yes
3 Yes

0O Yes
0O Yes
O Yes

U000 0OOO0OoOoaooooooatOaoaogogaoaoogoaua

0O No Ancurysm cli

a :o é ard“iz: P a:l:ger : :lelue ma rk :n the. figure(s) below
O No Implanted cardioverter defibrillator (ICD) the locasion ef any implant or metal
Electronic implant or device - inside of or om your body.
Magnetically-activated implant or device
Neurostimulation system

Spinal cord stimulator

Internal electrodes or wires

Bone growth/bone fusion stimulator
Cochlesr, otologic, or other ear implant
Insulin or other infusion pump

Implanted drug infusion device

Any type of prosthesis (cye, penile, etc.)
Heart valve prosthesis

Eyelid spring or wire

Artificial or prosthetic limb

Metallic stent, filter, or coil .

Shunt (spinal or intraventricular)

Vascular access port and/or catheter
Radiation seeds or implants

Swan-Ganz or thermodilution catheter
Medication patch (Nicotine, Nitroglycerine) .
Any metallic fragment or foreign body

Wire mesh implant A
Tissue expander (e.g., breast)

Surgical staples, clips, or metallic sutures
Joint replacement (hip, knee, etc.)
Bone/joint pin, screw, nail, wire, plate, etc.
IUD, diaphragm, or pessary

Dentures or partial plates

Tattoo or permanent makeup

Body piercing jewelry

Hearing aid

(Remove before entering MR system room) -
Other implant
Breathing problem or motion disorder
Claustrophobia

a
4
o

00 0 0O0

273725435258 %5%%

o

-

IMPORTANT INSTRUCTIONS

Before entering the MR environment or MR system
room, you must remove all metallic objects including
hearing aids, dentures, partial plates, keys, beeper, cell
phone, eyeglasses, hair pins, barrettes, jewelry, body
piercing jewelry, watch, safety pins, paperclips, mouney
clip, credit cards, bank cards, maguetic strip cards,
coins, pens, pocket knife, nail clipper, tools, clothing
with metal fasteners, & clothing with metallic threads.

273573325 22558%%%7%

Please consult the MRI Technologist or Radiologist if
you have any question or concern BEFORE you enter

the MR system room.

=]

2%%

NOTE: You may be advised or required to wear earplugs or other hearing protection during
the MR procedure to prevent possible problems or bazards related to acoustic noise.

 attest that the above info
opportunity to ask questions regarding

Signature of Person Completing Form:
Form Completed By: O Patient (3 Relative 0 Nurse

Form Information Reviewed By:

3 MRI Technologist 0 Nurse O Radiologist O Other,

rmation is correct to the best of my knowledge. I read and understand the contents of this form and had the
the information on this form and regarding the MR procedure that 1 am about to undergo.

Date / /

Signatwe

Print name Relationship to patient

Print name Signature
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MRI Safety: Applying the Latest Guidelines From The Joint Commission |
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Disclosure Statement: Dr Bowes reports having no financial or advisory relattonships with corporate organizations related to this activity.

ABSTRA . -

Magnetic resonance imaging (MR!) is associated with the potential for accidents, injuries, failure of implanted medical devices, and other adverse
outcomes as a result of the powerful magnet and radiofrequency fields in the MRI environment. The Joint Commission (TJC), a nonprofit organization
that accredits more than 21,000 healthcare organizations and programs in the United States, recently published revised accreditation requirements for
ervices in US hospitals and ambulatory healthcare centers. The guidetines establish specific standards that must
(nc(udinﬁ the environment of care, human resources, provision of care, and performance

ther organizations, including the American College of Radiology

MRI and other types of medical imaging s
be met-related to several aspects of medical imaging,
improvement. Additional MRI safety standards and guidetines have been developed by o
(ACR}. Magnetic resonance (MR) technologists and other MR professionals share a critical responsibility to ensure adherence to TJC and ACR guidelines
screening for ferramagoetic abjects and medical devices, the risks associated with MR
the MRI facility who require urgent or emergent care,

d protection. Controtling access to the MR environment,

and standards, including controlling access to the MRI facility,
contrast agents, patient positioning to prevent burns, special considerations for patients in
emergency shutdown procedures, patient claustraphobfa or anxiety, and acoustic nofse injury an
combined with staff education and training, are the foundations of good MRI safety practices.

{ntroduction
Magnetic resonance imaging {MR!} is 2 noninvasive technique

that is used to obtain high-resolution medical images of the entire human body, and that fs
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especially useful for anatomical areas such as the central nervous system, musculoskeletal system, head and neck, abdomen, and pelvis.! The use of MRI
in medical imaging has markedly increased over the last several decades, including both in the number of installed scanners and the number of scans
performed annually.? in 3 2012 study published in the Journal of the American Medical Society that looked at imaging utilization data from 6 (arge,
integrated healthcare systems, researchers reported the use of MRI had quadrupled between 1996 and 2010.7 In 2014, MRI exams were performed at a
rate of 109 per 1000 populatfon in the United States, which is higher than in nearly any other industrialized nation.¢

MR scanners use very strang static magnetic fieids, time-varying magnetic fields, and radiofrequency {RF) fields to form images of the body.3 in contrast
with imaging modalities such as radiography or computed tomography (CT}, MRI does not expase patients or staff to ionfzing radiation. However, MRI
does require a special environment to isolate the surrounding area from high-energy radic waves and magnetic fields.! In addition, the strong magnetic
fields generated by MRI scanners necessitate important safety precautions for patients and heatthcare professianals, as well as for others who might
enter the MR facility (eg, nce and dial warkers, police officers, firefighters, family members or caregivers, and others), Although MRI -
generally offers a high degree of patient safety, several types of injury have occurred at MRI facilitiest:

» “Missile effect” or “projectile” injury in which ferromagnetic objects (those having magnetic properties) such as intravenous (V) poles, wheelchairs,
and ferrous oxygen canisters are pulled into the MRI scanner at rapid velocity

o injury related to dislodged ferromagnetic implants such as aneurysm clips, externat fixation devices, and drug infusion devices

» Burns from objects that may heat up during the MRI process (such as wires, electrocardiogram (EKG) leads, electrodes, or surgical staples}], or from
the patient's body touching the inside wails of the MR scanner

« Malfunction of medical equipment or devices caused by the magnetic fietd (eg, batlery;powered taryngoscopes or microinfusion pumps,
programmable infusion pumps)

» {njury or complication due to failure to attend to patient support systems during the MRI (eg, ferTous oxygen canisters or fnfusion pumps run out and
staff must either leave the MRI area ta retrieve a replacement ar move the patient to an area where 3 replacement can be found)

» Acoustic injury from the toud knocking noise made by the MRI scanner
o Adverse events related to the administration of MRI contrast agents
« Adverse events related to cryoieh handling, storage, or inadvertent release in superconducting MR system-sites -

A 2005 anatysis of data from the US Food and Orug Administration (FOA) identified 389 reports of MRI-related accidents and injuries, including 9 deaths.
MRi-related events included failures of pacemakers, insulin pumps, or other implanted devices; projectile injuries; and burns, among others.* The most
common patient injuries are burns, which often occur in association with wires or leads, pulse oximeter sensors and cables, cardiorespiratory monitor
cables, safetypins, metal clamps, drug delivery patches (which sometimes contain metal foil backings), and tattoos {which may use pigments that
contain iran oxide).* The risk of accidents and injury is even greater with ultra high-field MRI scanning equipment (3 Tesla {T] and above), which provides
greater spatiat and temporal resblu“on than oider MRI scanning equipment (0.5T-1.5T),but also generates magnetic fields that are much more
powerful.! in addition to missile effect, objects can th become magnetized when placed in a strang magnetic fietd.' Although MRI safety
guidelines cail for screening for ferrornagnetic objects at least twice before MRI, a recent survey of MR staff at 8 imaging facilities found that only about

25% of respondents said their patients were always screened twice.”

The 'Jolnt Commission (TJC) recently published revised standards for diagnostic imaging that include new requirements for MRI safety.! TJCisa
US-based, nonprofit, tax-exempt organization that aceredits more than 21,000 heatthcare organizations and programs in the United States. TJC
accreditation is a condition of licensure and receipt of Medicaid reimbursement. Revised TJC requirements for diagnostic imaging service providers in US
hospitals and ambulatory care centers went into effect July 15, 2015, These standards specify requirements that organizations must meet to maintain
accreditation in advanced diagnostic imaging modatities; CT, positron emission tomography (PET}, nuclear medicine, and MRI, The 2015 TJC diagnostic
imaging requirements make specific recommendations for several aspects of MRI, Including the environment of care; human resources; pravision of care,
treatment, and services; and performance improvement.$ Within each of these areas, the guidelines establish one or more standards that must be met,
and deﬁﬁe the specific elements of performance by which healthcare professionals can meet each standard. Supporting guidelines and documents have
also been developed by the American College of Radiology (ACR), which provides accreditation to facilities for specific imaging modalities (eg, MRI_,V cT,
mammography, nuctear medicine, and PET 1.7 The ACR published an inittal set of MRi safety guidelines in 2002, which have been revised and updateé
several times, most recently (n 2013.'9 These guidelines represent the unanimous consensus of a blue-ribbon panel of experts coqvened by the ACR.

The revised TJC requirements and ACR MR! guidelines compet healthcare providers to actively manage several areas of MRI safety. This article will focus
on the new TJC Standards as they pertain to MRI, including key recommendations and standards that are most relevant for MR technotogists. Important
TJC recommendations are summarized and presented with additional guidelines and other supporting recommendations from TJC, ACR, and other
organizations. The camplete TJC diagnostic imaging requirements can be found ontine at: http://www.jointcommission.org

/dlagnostic_inuging_standards/.

An Environment of Care

ﬂ

N
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Controlfing Access to the MRI Room ’ i -
TJC Standards identify several risk categories associated with MRI, incluging patient claustrophobia/anxiety; patients who require urgent or emergent
care; risk associated with implants, medical devices, or ather ferromagnetic objects; and acoustic nofse.® As noted in the Standards, the starting point
for manhglna these risks is to ensure access to the area surrounding the MRI magnet is accessible anly to speciﬂcal'ly'tnﬁ\ed personnel or to individuals
(including patients) who have been carefully screened by trained personnel. Only individuals who have completed MRI safety instruction within the
previous 12 months are considered "MR! personnel” - all others are considered “non-MRi personnel,” ACR guidelines require that each site identifies an
MRI medical director, who is responsible for ensuring that MR safe practice guidetines are established and foll d, and who tishes the training
requirements that must be met by MRI personnet at that facility. tn addition, ACR guidelines identify 2 levels of MRI personnet1%:

* Level 1: Individuals who have passed minimal safety education efforts

o Level 2; Individuals who have been more extensively trained and educated in MRi safety issues. The MR! Medical Director identifies necessary
training and (ndividuals who quality as Level 2 persannel

A central principte of controlling access to the MRI environment is the use of the "4-Tone” com:epi of MRI facility design, as defined by TJC.* According to
this concept, the MRI site is conceptually divided into 4 zones, which control access throughout the MR facility by employing progressive restrictions as
patients move from public access areas to raoms that house the MRI aquipment®:'0;

* Zone | - Access to the general public: This zone includes all areas that are freely accessible to the general public. This area is usually outside the
MRI environment and may be used by patients, healthcare personnel, and other employees to access the MRI facility.

« Zone Hf - Unscreened MRI patients: This zone provides the interface between the publically accessible, uncontrolied Zone i, and the more strictly
controlied Zones il and V. Patients presenting for an MRI sesston are usually greeted in Zone |i. Individuals in Zone 1) are not typically free to move
around at will, but are usually under the supervision of MR! facility staff. This zone is used for tasks such as patient screening, taking historles,

medical insurance questions, and so on.

Zone lif - Screened MRI patients and personnel: Access to Zone i1 is highly restricted. In this zone, the entry of unscreened non-MRI personnel or
of ferramagnetic objects or equipment may result in serious injuries or death due to interactions with the scanner's environment, including the
scanner's static and time-varying magnetic fields. MR technologists and other authorized persanne( are responsible for controlling and monitoring
patient access to this zone, and ensuring that safety guidelines are followed. These functions are directly under the authority and responsibility of
the MRi medical director or other Level 2 designated physician of the day for the MRi site. Zone [l regions should be physically restricted from
access by the general public using key locks, passkey locking systems, or similar security features. Combination locks are not recommended because
combinations may become more widely distributed than intended. ACR guldelines note that only MRI personnel shoutd have free access to 2one (I,
that there should be no exceptvons to this procedure, and that this guidance specifically includes people such as hospital administrators, physicians,
security officers, and other non-MRi personnel. The guidelines atso note that Zone iit {or, at a minimum, areas where the static'magnetic field
strength exceeds 5 Gauss) should be'clearly marked as potentially hazardous, It is aiso important to recognize that the magnetic fietds produced by
MRI scanners are J-dimensional shapes that may extend to floars above or below the MR scanner. Areas of magnetic field hazard should be clearly

indicated even if they extend to places that are not normatly occupied (eg, a rooftop abave the MRI magnet).

Zone IV - Screened MRI patients under constant direct supervision of trained MR persannel: This area is synonymous with the MRI scanner
magnet room itsetf; that is, the room where the MRI scanner is located. Zone IV should be ctearly marked as potentially hazardous due to the
presence of very strong magnetic fields. The access pathway entering Zane iV should be under direct visual observation by Level 2 MR| personnel.
ACR guidelines note that Zone IV should be marked with a red tight and a Ughted sign indicating that the magnet is on. It should be noted that even
some healthcare workers may be unaware that the MRI magnet is always on.* Signage should also notify the public that the magnetic field is active
en power to the facility is deactivated. The light and signage shauld be illuminated with a backup battery power source to provide

even wh
illumination in the event of a power loss.
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An idealized example of the 4-zone configuration is shownAin Figure 1,

having successfully completed MRI safety programs approved the MRI medical director.

visitors, or other staff who are nat knowledgeable about the MRI environment should be accompanied by trained personnet at all times. Educationai

or posters should be available ta canvey the unique risks associated with the MRi suite.d Personnel who are
should undergo annual education updates. All non-MRl personnel must undergo a

materials such as guidelines, brochures,
expected to accompany patients or other individuais to the MRI suite

safety screening process before entering Zone Hi. This screening may be perform
-MRI personnel in Level 3. However, Level 1 personnel are not permitted to be responsible for

Zones Il and IV, and are also permitted to accompany non

non-MRI personnel n Zone IV.'® in addition, to prevent missile-effect accidents,

the MR! suite after completing a salety education program, onty when no patfent {
although there should be compliance with Health Insurance Portability and Accountability (HIPAA) patient

that there should be an additionat privacy barrier in Zone 11t so unauthorized persons cannot view

supervised by Level 2 personnel.® Finally,
privacy regulations in all 4 zones, ACR guidetines note
the MRI control panels.’®

i Figure 1. Four-2one appr h to fting
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s present in the suite, and they must be screened each time and
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These standards identify specific guidelines for regular quality control, which Is performed under the supervision of a medical physicist or MRI scientist.
ACR guidetines recommend that whenever any significant changes occur in the MRI environment (eg, adding faster or stronger gradient capabilities o
higher RF duty cycle studies), safety policies and procedures should be reviewed and updated.'®
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This standard defines education and training that should be documented for technologists who perform MRI evaluations.

Ferramagnetic Objects and Medical Devices

As described previousty, the 4-zone MR) factlity layout, combined with training of MRI personnel, is essential to managing risks associated with the unique
MRI environment. A key consideration is the risk associated with high magnetic fields on medical devices and other ferromagnetic items. The
introduction of undetected metal abjects into MR| facilities has been associated with a large number of injuries, including fatalities.'! These accidents
have involved large objects such as IV drug poles, toolboxes, sandbags containing metal filings, cleaning equipment (eg, vacuum cleaners, mop buckets},
wheeichairs, oxygen and nitrous oxide tanks, and others."" Only equipment (eg, fire extinguishers, physiologic monitors, aneurysm clips) that has been
tested and approved for use with MRI scanners should be (ntroduced into the MRI environment.® Restrictions on medical devices and other metaltic

objects near the MRI device may also require 'spechl cons!déra(lons for patients who require emergency services.

specifically, TJC and ACR guidelines note that at ferrous objects should be
excluded from Zone lll when possible, including those brought by patients, i ngre 2.us FO?d and DNQ Adm‘_“"hum H
) 0 . labeting criteria* for portable objects taken |
visitors, contractors, or others.™ MRI sites should have access to 3 strong 10 H
i Into Zone IV. '

nandheld magnet (21000 Gauss) and/or a ferromagnetic detection device.
Portable metalli¢ or partially metatlic devices that are on or external to the

patient (eg, oxygen cytinders) must be positively identified in writing as MR
Unsafe, MR Safe, or MR Conditional in the MR environment before being . i
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permitted into Zone IIL.'0 MR Safe ftems are those that pose no known hazard
in alt MRI environments; MR Conditional items have been demonstrated to posé
no known hazards in a specified MRI environment wi th specified conditions of

use. Portable metailic or partially metallic objects that are to be brought into

Zone [V must be property labeled as indicated in Figure 2. wholly nonmetallic

{tems are indicated using the green square "MR Safe” labet, while .

ferromagnetic items should be identified using a red "MR Unsafe’ {abel, MR

Conditional items are identified using a triangular yellow {abel containing the : -
letters "MR." ' )

Pacemakers and other medical devices are a common challenge in the MRI
facility. It has been astimated that as many as 75% of patients with pacemakers.

or implantable cardioverter-defibrillator (ICD) devices will eventually require = Trianguiar yeilow |abet is for objects with “MR Conditional™ rating.
MRI imaging for additional cardiovascular disease of other medical - round red label is for "MR Unsafe” objects, and square green

D a . k “MR Safe" labet is for wholly nonmetaltic objects.’
conditions. ) With increased use of newer cardiac MR| procedures such 3s MR «Daveloped by American Society for Tasting and Materials
angiography, it is anticipated that the number of individuals with pacemakers International.
or other devices who require MRI will continue to increase.'? Implanted o _
devices are potentialty susceptible to RF heating at the tip of the pacemaker
\eads. This may result in loss of cardiac pacing, and is also associated with the potential for severe and permanent injuries, including myocardial

perforation.'%*? Other potential probiems include!d 1%

« Damage to batteries of other electronic component

« Movement of the device of distodgement of the leads from the heart tissue due to presence of ferromagnetic materials present in device

components and the strong magnetic field

¢ Change in device function and programming

« Detection by the device of stectric signals generated during the scan, and false interpretation of these as being caused by electric activity of the
heart ' :

dication to MRI, and FDA |abeting generalty recommends

Due to potential hazards such as these, the presence of an ICO was long considered a contrain
development of a growing number of cardiac devices that

that most pacemakers not be permitted to enter the MR field. Recent research has ied to the
contain specific hardware and software features that have been tested and approved for the MRI environment under specifically defined conditions.'? It

was only in 2011 that the FDA approved the first MR Conditional pacemaker. Since then, more pacemakers and 1CD devices have been introduced that-

are approved fof use in 1.ST and 3T MRi devices.'? in general, na device should be brought into the MRi environment unless it {s proven to be either MR- - -
Safe of MR Conditional .’ The safety of MR Conditional items must be verified with the specific MR scanner and environment in which they wilt be used ¢
Most (CDs are considered MR Unsafe, although a growing number of pacemakers and ICDs are naw considered MR Conditional. Fully MRI Safe devices have

12 concerns about medical devices have become even more significant with increased use of 3T and more powerful magnets. As 3

not yet been devioped.
result, users should not assume that a device is MR campatible uniess this is clearty documented in writing.'? Decisions that are based on published MR
der which the device was tested, such as

safety and compatibility information should recognize that these claims only apply to the specific conditions un

static magnetic field strength and spatial distribution, and the strengths and rates of change of gradient and RF magnetic fields.

Atthough there are important concerns about exposing pacemakers to the MRI magnetic field, it ts often possible to appropriately program devices to
older pacemakers who underwent MRI evaluation.'s

ensure patient safety. For example, a study conducted in 2011 examined outcomes for patients with
This study found that when pacemakers were appropriatety programmed, no adverse events related to the MRI field occurred using a 1.5T magnetic field

strength. In addition, several other steps shoutd be followed to ensure safe imaging of patients with implanted cardiac devicesh 14

» MRI should be performed only when deemed absolutely necessary. some implanted devices may require placement »6 weeks before imaging

« The device settings should be adjusted before the MR scan, with the exact satting chosen depending on both patient and device characteristics

» The patient must be continuously manitored during the scan, and both bersonnel and equipment for cardiac resuscitation should be readity

available

« After the scan, the device should be examined to verify its proper function and reprogrammed to its original prescan setting; device function should

be examined again at \east 1 month later

« imaging personnel should plan in advance for eritically iUl patients who may require monitoring or continuous drug tnfusions while in the scanner

fi tocol used at Johns Hopkins University for MR tn ) S - . )
Asafery o8 N Table 1, The Johns Hopkins Hospital MR Safety P for® With Imp
patients with implantable cardiac devices was recently Cardiac Oevicas'®

published, and fs shown in Table IR S . L eroute paienm v

N

-~

-~
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Trained personnet should screen nonemergent patients twice
for metal objects such as implanted devices, drug delivery
patches, tattoos, and any devices that are activated
electrically, magnetically, or mechanicatly.® if the patient is
unconscious, family members or surrogate decision-makers
should be questioned. If the patient Is unsure, other means
may be used to identify potential implants or devices. For
example, the patient may be examined for scars or
deformities; the patient’s history should be reviewed; a
plain-film radiograph may be obtained; or the patient may be
screened with ferromagnetic detectors. The technologist
should have access to the patient's complete medical history
to ensure that he or she can be safely scanned. All implants
should be identified, and the safety of each implant should be
confirmed using product labeling, manufacturer information, -

AN MRI procedure v Recheck devce pa

http://www.eradimagihg.com/site/articlc.cfm?lD=866&mde=ce#.W...
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or peer-reviewed published data. Patient statements regarding the safety of implanted devices with MRI are not sufficient to establish the suitabillty of 2
device for MR1.'0 Metal detectors are often used ta identify metal objects in or on patients, but they are not completely accurate and do nat identify all
possible objects that may experience heating or malfunction during an MRI scan.® ACR guidelines recommend that only metal detectors that differentiate
between ferrous and nonferromagnetic materials be used. Conventional metal detectors are not recommended for several reasoni‘°:

« Variable device sensitivity and operator skill

o Inability to detect potentially dangerous ferromagnetic metal fragments (eg, 2x3 mm metal fragment in the orbit or near the spinal cord/heart}

« Do not differentiate between ferromagnetic and nonferromagnetic metallic objects, including implanu_and foreign bodies

In contrast, ferromagnetic detection systems are recommended as an adjunct to a thorough and conscientious screening. These detectors add to, but do

not replace, a thorough screening. 10

Patients and non-MR! personnel with 3 history of potential ferromagnetic foreign object penetration must undergo additional evaluaton before entering
Zone 11, This evaluation might include plain x-ray or a review of previous CT or MRI studfes of the area.'? ACR guidelines also provide an example of 2
standard MRI screening form, which must be fitled out completety by any non-MRI persannel entering Zone 11l (eg, patients, guardians, research subjects).
In some cases, an unidentified ferromagnetic implant ar foreign body is discovered within a patient while the examination is in progress. This s usually
indicated by the presence of a {arge field-distorting artifact. The medicat ditector, safety officer, orphysician in charge should immediately be notified
of the suspected findings, This individual will review the imaging infarmation and decide on a course of action.'® To improve the detection of metallic

objects and reduce patient risk, some experts have recommended

the use of a pre-MRi “time out” period that is similar to the tine-out period used with

surgical patients. This time out period gives technologlsts and other practitioners the opportunity to verify and document important safety {nformation

bef&re proceeding to image acquisition.’

Althougﬁ the hazards associated with many ferromagnetic
objects are easily recognized, others may be {ess obvious. For
example, over the |ast few decades, a growing number of
individuals have used acupressure of other complementary and
alternative medicine practices that incorporate small magnets
that adhere ta the skin.!7:'8 These small magnets have the
potential to cause image artifacts and even patient injury, yet
they may escape detection with metal detectors,'”

Finally, there has been a trend toward the use of more
powerful MRI magnets (eg, 7T, In contrast with more widely
used 1.5 or 3T magnets) which imprave the resolution of MRI
imaging. Although research on the safety of these devices is
limited, the avallable evidence suggests they do not pose a
markediy higher risk to patients with implanted devices or
tattoos, and that these patients do not need to be routinely
restricted from 7T devices.™

4 list of ferromagnetic objects is shown in Table 2.8

Table 1 Ferromagnatic Objects®
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‘Nephrogenic Systemic Fibrasis .

Injected contrast agenfs are often used to improve the visibility of certain tissues on MRI scans. [V cantrast media that contains gadolinium is associated ﬂ
with several potential adverse effects, including allergy, asthma, cardiovascular responses, anxiety, and others. Of particular concern for many patients ’
is the risk of contrast-associated kidney disease, including nephrogenic systemic fibrosis (NSF).2° NSF is a disease that typically involves fibrosis and

thickening of the skin and subcutaneous tissues, but may also involve other organs such as the lungs, heart, sketetal muscles, and joints.'9 Although the

precise mechanism is not well understood, NSF has been assaciated with the use of gadoliuium' contrast agents in patients with severe kidney disease,

which significantly increases the time required for contrast agents to be eliminated from the body.2! it is thought that In these patients, gadolinium ions

dissociate from the contrast media and bind to phosphate or other ions within the patient’s tissues, forming an insaluble precipitate. This precipitate

then triggers infiltration and fibrosis by.circulating cells known as fibrocytes.?

According to contrast media safety guidelines developed by the ACR, decreased renal function may be suggested by a \arge number of potential risk
factors, including?®:

« Renal disease (inciuding solitary kidney, renal transplant or ather renal surgery, or renal tumor} B
» Age >60 years

= History of hypertension requiring medi;al mem;y

» History of diabetes

o History of severe hepatic disease/liver transplant, pending liver transplant

 History of certain cardiovascular diseases

» Prolonged use of nonsteraidal anti-inflammatory drugs (NSAIDs)

* Multiple myetorna, lupus erythematosus, urinary tract infection

Patients receiving gadolinium-based contrast should be considered to be at risk for NSF if any of the following apply?®:

» On dialysis (of any form) ) N

« Severe or end-stage chronic kidney disease (CKD), {ncluding CKD stage 4 or 5, or estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m? \
without dialysis -

» eGFR 36 to 40 mL/min/1.73 m? withaut dialysis
» Acute kidney injury (AKI)

The guidelines note that the methods used to identify at-risk pa(iem-s may vary between inpatients and outpatients. For inpatients, eGFR tevel should be
obtained within 2 days before contrast administration, and the ordering healthcare professional should assess the patient for the possibility of AKIL,
Qutpatients shoutd be screened for conditions of other factors that may be associated with renal impairment. ACR guidetines recommend the use of a
screening checklist to identify outpatients who should undergo a pre-contrast assessment of eGFR. These screening {tems fnclude the following?®:

» Age >60 years

« History of renal disease, including:
o Dialysis
o Kidney transplant
© Single kidney

o Kidney surgery

o History of known cancer involving the kidney(s)
« History of hypertension requiring medical therapy

. History of diabetes

Although there are many other conditions that can affect renal function, ACR guidelines do not reco d routine screening for these conditions, as the

benefits of routine screening have not been established.

Patient Positioning to Prevent Burns

Procedures should be in place to reduce the risk of patient burns during scanning. The technologist should ensure items such as {eads are not formed into ﬂ

a loop, since magnetic induction in looped wires or cables may result in significant heating. If the patient’s body touches the bore of the MR( scanner,

1/5/2017 3:40 PM
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nonconducting foam padding should be used to insutate the patient. A cold compress or ice pack should be placed on ECG leads, surgical staples, or
tattoos that will be exposed to RF energy.®

Urgent/Emergent Care
It is essential that medical staff responding to a call for assistance in the MRI facitity are aware of and comply with MRI safety protocois. '® This includes

physicians, nurses, respiratory technicians, paramedics, security, and others. interference from the magnet within Zone IV may make it difficult to
interpret ECG data. imaging staff should never attempt to perform a cardiopulmonary arrest code or resuscitation within the MRl magnet room.*
Facilities must have procedures in place to safely perform emergent resuscitation or other medical intervention. in the case of cardiac or respiratory
events or other medical emergencies that require urgent management, ACR guidelines note that appropriately trained and certified MRI personnel should
wtme basic life support or CPR while the patient is being emergently removed from Zone 1V to a magnetically safe location that has been identiffed
and designated in advance.'0 All priorities should be focused on stabilizing and then evacuating the patient as rnpvdly and safely as possible from Zone |V
and the MR! environment tc a prederned area where resuscitation efforts are continued. ACR guidelines strongly recommend that all facilities perform

regular drills to rehearse and refine emergency response protocats.

Emergency Shutdown Procedures
For superconducting systems, the MRI magnet is not routinety quenched for medical emergencies. 'o Quenching the magnet may require a minute or

- longer for the magnetic field to dissipate. in the event of a med{cal emergency requiring resuscitation, ACR guidelines recommend that the time
required for magnet quench would be better spent Initlaﬂng lie support and transporting the patient from the magnet room. In addition, because the
quenching process itsel( is potentiaily hazardous, the magnet roam should be evacuated if possible before an intentional quench. Quenching involves the
release of cryogenic gasses (eg, tiquid hetium), which is typically expelled through anv exterior vent. inadvertent reiease of cryogenic gasses into a
confined area such as the MRI room can potentially cause suffocation.® A quench subjects a magnet to a temperature change of approximately 500°F
within the space of a few dozen seconds. The resuiting thermal shock can cause major physical damage to the device. Atthough unlikely, the venting
system can rupture and release cryogenic gasses into the magnet room, If quench of a supercanducting magnet is conducted in response to a fire, helivm
(and, in older magnets, nitrogen) itself fs not flammable. However, supercooling of the air near released cryogenic gasses can cause formation of liquid
oxygen, which may increase the fire hazard. Venting of cryogenic gasses into the MRI roam may be evidenced by the appearance of white “clouds” or

“fog" above or around the MRI scanner.'

Claustrophabia/Anxiety

Some panents experience significant anxiety when pasitioned within the confines of the MR! scanner, which may include a measurable physiologic stress
- ’ response.2 Anxiety is usually greatest at the beginning of the procedure, when the MR! table moves into the scanner. 1 patients who have a difficult or
unpleasant scanning experience are more likely to experience significant anxiety during future MRI episodes. 24 patients are often prescribed 3 sedative
before an MRI appointment ta help alieviate anxiety. Blindfolds , aroma therapy and playing music for the patient during their exam can also be helpful.
in addition, MRI anxiety may be prevented by providing patients with information about the scanning procedure or maintaining regular communication

during the acquisition session (eg, contact with the patient via intercom at 2-minute intervals). 2

Acoustic Noise/injury Protection
MRI devices produce a high level of acoustic noise, which may affect both patients and heaithcare workers. This noise occurs as the result of rapid.

switching of gradient colits during image acquisition, which produces loud tapping ar knocking sounds. 5 The effects of acoustic noise may include
annoyance, difficulties in verbal communication, increased patient anxiety, temporary hearing loss, and possibly even permanent hearing impairment, 23
MRI sequences are not FDA approved without hearing protection, which should be provided to all patients.®'?

Provision of Care, Treatment, and Services
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{n addition, to preventing unnecessary duplication of examinations, the patient’s age and recent imaging exams should be considered when deciding on

the most appropriate type of imaging exam.®

Performance {mprovement
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MRI facilities should have procedures in place to ensure that all adverse events, MR! safety incidents, or “near incidents” that occur in the MR suite are
reported to the medical director (n a timely manner (eg, within 24 hours, or 1 business day).% 19 Adverse events should be examined as part of continuous
quality improvement eﬂ?m. In addition, these events must also be re'poned to the FDA Medwatch system.'? Facilities should appoint a safety officer
who is responsible for impi 1ting and enforcing safety procedur;:s in the MRI suite. The facility should also use written protocols, checklists, and other
systems to ensure safe practices, while periodically assessing compliance with the organization’s MRi policies, procedures, and protocols,

Summary and Conclusions

The unique MRI environment poses important risks for patients and healthcare professionals, which may include misstle-effect injuries, adverse events

issoclated with medical devices, hearing loss, and potential safety cancerns surrounding an unplanned magnet quench. Recent guidelines from the TJC

and ACR identify a number of specific actions MR professionals may undertake to reduce these risks. Controiling access to the MR environment, combined
. with staff education and training, are the foundations of good MRI safety practices, .
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Comments/Questions

What did you think of this article?

MR Safety: Applying the Latest Guidelines From The Joint Commission
« Comment From: rt_mmontoya

Thia information was great to read since | am new to MRI.

« Posted on: 10/21/2016 22.44 PM

» Comment From: ~ Posted on: 10/28/2016 17:58 PM
excailent|

« Commment From: » Posted on: 11/11/2016 8:19 AM
You may wart to check the answers for thesa questions. I'm fairly sure | got them ali right, but my test was graded with 2 wrong. (My answers were
word for word out of the texd.) o

Thare are 4 total comments: \iew All Commenis

Post A Comment

Post Comment Below:
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Safety Procedures Manual & Voluntary Pregnancy Declaration Initial
Acknowledgement Form

Safety Procedures Manual & Voluntary Pregnancy Declaration Annual
Acknowledgement Form

Review of the Safety Procedures Manual Student Acknowledgement Form
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eRADIMAGING Article: MRI Safety: Applying the Latest Guidelines from The Joint Commission (TJC)

Article QUIZ. January §,2017
student Name: Date:

Student Signature:

Instructor Name:

Article Quiz: 1 point each. Total: 10 points.

1. FDA analysis of MRI data found that the most common patient injuries are:
A. Hearing related
B. Bumns
C. Failure of clips or staples
D. Pacemaker failures

2. A central principle of controlling access to the MRI environment is the use of the concept of MRI
facility design.
A. Level |

‘ B. Level 2
( C. 4-zone

D. 6-zone

3. Who is NOT permitted to be responsible for non-MRI personnel in Zone IV?
Any MRI facility employee _

Level 1 personnel

Level 2 personnel

Level 3 personnel

oOow

4, items are identified using a triangular yellow label containing the letters “MR”.
Ferromagnetic

Nonferromagnetic

MR Safe

MR Conditional

UOowp

5. Most implanted cardiac devices are considered:
A. MR Safe

#~  B. MR Conditional

C. MR Unsafe

D. MR Unrated



¢RADIMAGING Article: MRI Safety: Applying the Latest Guidelines from The Joint Commission (TIC)
Article QUIZ. January §, 2017

( .

6. Trained personnel should screen nonemergent patients for metal objects:

A. Before entering Zone |

B. Before entering Zone II

C. At each transition from one zone to another
D. Twice

. When screening for metallic objects, American College of Radiology (ACR) guidelines recommend:

A. Against the use of metal detectors due to the poor accuracy of these devices for identifying metallic
implants

B. The use of a conventional metal detector to identify metallic objects or implants

C. That only metal detectors that differentiate between ferrous and nonferromagnetic materials be used

D. That patient statement about device safety are usually adequate to determine whether the patient may

be undergo MRI

. Patients with implanted devices or tattoos must be routinely restricted from T7 devices.

A. True
B. False

. Of particular concern for many patients is the risk of contrast-associated:

A. Kidney disease
B. Vision loss

C. Headache

D. Liver disease

10. The appearance of white ‘clouds’ or ‘fog’ above or around the MRI scanner may suggest:

A. Venting of cryogenic gasses into the MRI room
B. Magnet overheating

C. Rapid switching of RF coils

D. Excess humidity in the MRI environment



Eastern NC Consortium
of
Computed Tomography & Magnetic Resonance Imaging
a and
Edgecombe Community College
Radiography Program

MRI SAFETY TRAINING VERIFICATION FORM

On (date), I, (print student name),
participated in an MRI safety training session through Edgecombe Community College. The
training included four components:

First: Covered the effects of the static magnetic field

Second: Covered MRI personnel

Third: Covered MRI facility safety zones

Fourth: Covered MRI safety screening forms

[ understand that if my status changes I am mandated to notify the program.

Student Signature:

Instructor Signature:

Instructor Credentials:




ECC Radiography
OSL Dosimeter Order Form
Cohort 2024-2026

Updated: 8/17/2022

Last Name;:

First Name:

Gender:

DOB:

College ID #:

PRINT LEGIBILY

N/A Male Female (circle one)

Format: (03/20/2014)




5 points total " rvsd. 2024, 2020

Radiation Safety Manual

OSL Dosimeter Quiz
(1 point each).

1. ECC's dosimeter is a personal dosimeter by Radiation Detection Company. What type of
dosimeter is it?
A. Thermoluminescent (TLD) type
B. Film badge type
C. Optically Stimulated Luminescence (OSL)
D. Leaded type

2. How low is the sensitivity of reading (minimum reportable dose) for this type of badge?
A. 1 mrem; 0.01 mSv
B. 10 mrem; 0.1 mSv

3. What are you to do if you misplace, lose, or damage your dosimeter?

4. Your dosimeter is a process in which a pre-irradiated (exposed to ionizing radiation) material
when subjected to an appropriate optical stimulation, emits signal proportional
to the absorbed dose.

A. Heat

B. Light

C. Rays

D. Fog

5. Where is the correct placement of your personal dosimeter on person (at what level)?



Edgecombe Community College

Radiography Program
Annual Radiation Safety Program Review
2024
Printed Name: Date:

This review is required annually by the State of NC Radiation Protection Division and MUST be
completed and signed annually by ALL faculty members and ALL students.

1. Who are the ECC Radiography/Imaging program’s acting RSOs?

2. Whatis the “Notice to Employees” and where is it located in the ECC program?

3. What type of badge is worn by the ECC faculty and students that measure occupational
dose?

4. How often are the ECC radiography dosimeters exchanged?

5. How often are the ECC CT dosimeters exchanged?

6. Define ALARA.

7. What three things are performed to satisfy the ALARA concept?

8. What is the Embryo Fetus Exposure amount (dose) for the entire pregnancy in mrem?

9. What are the three Action Levels (Quarterly Doses) that will result in consultation with the
Acting RSO?

Signature:

(Student or Faculty) circle one

Acting RSO Signature:




25 points Rusd. 2024, 2020; 2016

SAFETY PROCEDURES & POLICY MANUAL QUIZ

(to be taken after reading the manual)

Printed name of tester:

Date: Grade:

Each question is worth 1 point, unless stated otherwise

1. T or F Declaration of pregnancy is voluntary.
2. If a student is exposed to radiation by incidental or accidental means the student must first

report this incident to the . A second meeting will

be held with the and a plan of

action (POA) will be developed. (2 pts total)

3. ECC uses what type of personnel dosimeter?

4. T or F Iflforgot my personal dosimeter at home, it is okay to borrow someone else’s while at
clinical.

5. What does the acronym ALARA stand for?

6. What specifically should be kept ALARA?

7. T or F My radiation risk as an x-ray student is minimal, as long as | practice ALARA concepts.

8. The government sets exposure limits based on minimal risks. As a student or registered technologist
my annual Total Effective Dose limit for whole body exposure is mrem.

9. As an x-ray student, although highly unlikely, if my quarterly dose should exceed mrem
(reference dose), | will be counselled by the acting RSO.

10. At ECC radiology student dosimeters are sent to the company by the acting RSO on a

basis (monthly, bimonthly, quarterly or annually) to be read. CT student
dosimeters are sent to the company by the acting RSO on a basis. Who is
responsible for turning the personal dosimeter badge to the Cl, CC, or acting RSO at the appropriate
time? (3 pts)

11. List the 3 basic principles (three cardinal rules) of minimizing radiation exposure. (3 pts)



25 points Rvsd. 2024, 2020; 2016

12. Always wear a when not behind a protective barrier.

13. T or F Asastudent, | am expected to hold patients.
14. tshould always stand at least feet away from the source of x-rays.

15. T or F As a student and/or a radiographer, | must shield all patients as long as it does not
compromise the image.

16. Tor F Asastudent and/or a registered technologist, it is unethical of me to question females
about the possibility of pregnancy.

17. What naturally occurring radionuclide is used by archeologists to date ancient artifacts?

18. T or F Time is of the essence and sometimes it is “OK” to fold or flop the lead apron over a chair
after use.

19. If a radiation worker becomes pregnant, she is monitored on a monthly basis. What is her
embryo/fetus monthly exposure limit?

20. Explain what the following statement regarding rules governing radiation protection is referring to.
“Do not let familiarity result in false security.” (2 pts)

You must score an 80% or higher to pass this quiz!



EDGECOMBE COMMUNITY COLLEGE
RADIOGRAPHY PROGRAM

SAFETY PROCEDURES MANUAL and VOLUNTARY PREGNANCY DECLARATION
Initial Acknowledgement Form

I have received, reviewed, and understand the Safety Procedures Manual, the Radiation Safety
Plan and the Voluntary Pregnancy Declaration on , , 20 . The
information was presented to me during the initial clinical orientation with the acting Radiation
Safety Officer (RSO). All questions were thoroughly answered by the acting RSO and |
acknowledge my copy of the Safety Procedures Manual is to be kept in my clinical notebook for

reference.

Student Name (printed)

Student Signature

Acting RSO Signature

revised 8/18 DD



EDGECOMBE COMMUNITY COLLEGE
RADIOGRAPHY PROGRAM

SAFETY PROCEDURES MANUAL and VOLUNTARY PREGNANCY DECLARATION
Annual Acknowledgement Form

I have received, reviewed, and understand the Safety Procedures Manual, the Radiation Safety
Plan and the Voluntary Pregnancy Declaration on , , 20 . The
information was presented to me during the first week of the 4" semester (prior to clinical
education) with the acting Radiation Safety Officer (RSO). All questions were thoroughly
answered by the acting RSO and | acknowledge my copy of the Safety Procedures Manual is to
be kept in my clinical notebook for reference.

Student Name (printed)

Student Signature

Acting RSO Signature

revised 8/18 DD



Edgecombe Community College (ECC)
Radiography and Imaging Program
Student Acknowledgement Form

Review of the Safety Procedures Manual

I have received, reviewed, and understand the importance of the ongoing radiation safety plan in
the updated Safety Procedures Manual. I understand and acknowledge the strict safety standards
to be followed as a student at ECC. / (initial/date). '

In addition;

On campus, I understand as a student, I am NOT allowed to be in the generated x-ray room
during x-ray exposures, or make exposures without a qualified faculty member’s supervision.

In the clinical education centers, I understand as a student, I am NEVER to hold patients or the
image receptor during any radiographic procedures when an immobilization method is the
appropriate standard of care.

By signing below, I agree to follow with full fidelity the Safety Procedures Manual and the
contents within the Radiation Safety and MRI Safety procedures.

Student Name (printed)

Student Signature

Acting RSO Signature

Rvsd. 2/17; 6/18
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