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SERIES EDITOR’S FOREWORD

Blackwell Science’s Rad Tech Series in radiologic technolo-
gy is intended to provide a clear and comprehensive coverage
of a wide range of topics and prepare students to write their
entry-to-practice registration examination. Additionally, this
series can be used by working technologists to review essen-
tial and practical concepts and principles and to use them as
tools to enhance their daily skills during the examination of
patients in the radiology department.

The Rad Tech Series features short books covering the fun-
damental core curriculum topics for radiologic technologists at
both the diploma and the specialty levels, as well as act as
knowledge sources for continuing education as defined by the
American Registry for Radiologic Technologists (ARRT).

The entry-to-practice series includes books on radiologic
physics, equipment operation, patient care, radiographic tech-
nique, radiologic procedures, radiation protection, image pro-
duction and evaluation, and quality control. This specialty
series features books on computed tomography physics and
instrumentation, patient care and safety, and imaging proce-
dures; mammography; and quality management in imaging
sciences.

In Rad Tech’s Guide to MRI: Imaging Procedures, Patient Care,
and Safety, Carolyn Kaut Roth, a renowned educator and direc-
tor technologist of MR programs of the University of
Pennsylvania Medical Center, presents clear and concise cov-
erage of patient care and safety issues of magnetic resonance
imaging (MRI), as well as MR imaging procedures. Topics
include patient care and safety, imaging procedures that
describe MRI of the head and neck, spine, chest, muscu-
loskeletal system abdomen, pelvis, and vascular system.

Carolyn Kaut Roth has done an excellent job in explaining
significant concepts that are mandatory for the successful per-
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SERIES EDITOR'S FOREWORD

formance of quality MRI in clinical practice. Students, technol-
ogists, and educators alike will find this book a worthwhile
addition to their libraries.

Enjoy the pages that follow; remember, your patients will
benefit from your wisdom.

Euclid Seeram, RTR, BSc, MSc, FCAMRT
Series Editor
British Columbia, Canada



PREFACE

The purpose of Rad Tech’s Guide to MRI: Imaging Procedures,
Patient Care, and Safety is to provide an easy reference for the
study of magnetic resonance imaging (MRI) for the technolo-
gist who is preparing for the advanced level examination in
MRI. This guide can also be used as a quick overview of MRI
for the practicing technologist and physician. The outline for-
mat provides easy reference for each section of the text. The
subtopics and bulleted text facilitate quick reference without
“over reading” the material.

MRI safety and imaging procedures with anatomy have
been discussed in this guide, and the basic principles and
image contrast to pulse sequences and k-space are discussed
in a partner guide in the Rad Tech series. The more complicat-
ed topics have hopefully been expressed in an understandable
format that will encourage the reader to explore these topics,
rather than run in the opposite direction. Purists may perceive
our attempt at creating a “user-friendly” text as an oversim-
plification. However, we believe it important to disseminate
difficult information to a variety of educational levels.

Carolyn Kaut Roth



Notice: The indications and dosages of all drugs in this book have
been recommended in the medical literature and conform to the prac-
tices of the general community. The medications described and treat-
ment prescriptions suggested do not necessarily have specific
approval by the Food and Drug Administration for use in the diseases
and dosages for which they are recommended. The package insert for
each drug should be consulted for use and dosage as approved by the
FDA. Because standards for usage change, it is advisable to keep
abreast of revised recommendations, particularly those concerning
new drugs.
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L

NTRODUCTION TO PATIENT CARE
AND SAFETY FOR MRI

To date, there have been virtually no long-term adverse biolog-
ic effects of extended exposure to magnetic resonance imaging
(MRI) in general. However, when separate components of the
MRI process are examined, several inconsequential and
reversible effects of magnetic, gradient, and radio frequency
(RF) fields can be observed. When MRI systems began to be
used in the United States, the Food and Drug Administration
(FDA) issued guidelines to hospital’s Investigational Review
Boards (IRBs) in “Guidelines for Evaluating Electromagnetic
Exposure Risks for Trials of Clinical NMR Systems,” on
February 25, 1982. Follow-up was presented in December of
that same year, not intending to provide limitations, but rather
to evaluate the need for a risk assessment. Therefore the need
to evaluate MRI for potential risks and hazards is clear and, to
validly discuss long-term biologic effects of MR, all of the com-
ponents of the imaging process should be considered. These
elements include not only the main magnetic field known as the
static magnetic field (B), but also time-varying magnetic fields
caused by magnetic field gradients and RF fields (B)) created by
RF transmitters and receiver coils.

The purpose of this chapter is to explore the safety aspects
of MRI.

CREENING PATIENTS AND PERSONNEL

Conducting a careful screening procedure is crucial to ensure
the safety of anyone who enters the area of the magnetic res-
onance (MR) system. Careful questioning and education of
patients and personnel help to maintain this controlled envi-
ronment. Patient and personnel screening is, to date, the most
effective way to avoid potential health hazards to patients
involved in MRI. Patients and MR personnel with questionable
ferromagnetic foreign objects either in or on their bodies
should be rigorously examined so as to avoid any serious
health risks or accidents.
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@ All individuals, including patients, volunteer subjects,
visitors, MR health care providers, and custodial work-
ers, must be thoroughly screened by qualified personnel
before being exposed to the MRI environment. In addi-
tion, routine preventative maintenance checks by the
service engineer, as well as continuing education is also
important. Therefore careful planning and diligent
upkeep of the MR facility can provide a safe environment
for patients, visitors, and employees.

# Most MR-related injuries have been a direct result of
deficiencies in screening methods. Unfortunately, not all
MR users perform a rigorous screening procedure and
there is a lack of agreement on what constitutes an
appropriate or necessary protocol that will ensure the
safety of individuals and patients in the MR setting. One
other note is warranted: If a patient has previously had an
MR examination, this is not an indication that they are safe to
undergo another.

In 1994 the safety committee of the International Society for
Magnetic Resonance in Medicine (previously designated as the
Society for Magnetic Resonance Imaging) published screening
recommendations and a questionnaire that encompassed all of
the important aforementioned issues. These recommendations
were developed from a consensus from an international panel of
MR experts and were intended for use as a standard of care at
all MR centers. Elster and others (1994) also published a screen-
ing recommendation. This information was somewhat similar to
the content of the recommendations provided by the safety
committee, which is not surprising since many of the same MR
clinicians and scientists were involved in the development of
both documents. A comprehensive pre-MRI screening form may
be downloaded from the Internet (Mrsafety.com) and used at
MRI facilities. This form was recently developed in collaboration
with Frank Shellock and Anne Sawyer-Glover (1999).

Pre-MRI Screening Form or Questionnaire

The initial screening process should involve completion of a
questionnaire that is specifically designed to determine
whether there is any reason that the individual would have an
adverse reaction to the MRI environment.
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@ The questionnaire must include important questions
concerning previous surgery, prior injury from a metal-
lic foreign body, and whether the individual is pregnant.

# In addition, the questionnaire should contain a means of
determining whether the individual has any of the vari-
ous implants, materials, devices, or objects that are con-
sidered to be a contraindication or problematic in the
MR environment, including any device that is electrical-
ly, magnetically, or mechanically activated.

# A diagram of the human body should be provided on the
questionnaire for the individual to indicate the position
of any object that would be potentially hazardous or
would interfere with the interpretation of the MR proce-
dure as a result of causing what is known as an artifact.

# The pre-MRI screening questionnaire may also be used
to obtain additional pertinent information related to the
safe performance of the MR procedure. For example,
questions may be asked concerning previous adverse
reactions to contrast media that should alert the health
care provider to potential problems.

# Finally, pertinent questions should include information
related to the phase of the menstrual cycle, as well as
the use of contrast media and hormone treatment that
are relevant to patients undergoing MRI examinations
for breast abnormalities.

Pre-MRI Screening Interview
With the use of any form of written questionnaire, limitations
related to incomplete or incorrect answers provided by the
patient, guardian, or other individual preparing to enter the
MRI environment are bound to exist. For example, there may
be difficulties associated with individuals who are impaired
with respect to their vision, fluency, or level of literacy.
Therefore it may be necessary to have a version of the screen-
ing questionnaire in the individual’s native language or to have
a direct verbal interaction with individuals who may routinely
have problems with written questionnaires.
# It is also recommended that the MR technologist or
other trained staff member conduct an oral interview to
further ensure the safety of the individual entering the
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MRI environment or undergoing an MR procedure. This
allows a mechanism for clarification or confirmation of
the answers to the questions posed to the individual so
that there is no miscommunication.

# The “oral phase” of pre-MRI screening is believed to be
especially vital for establishing the reliability of the indi-
vidual’s answer.

Prescreening for Metallic Implants

Every MRI facility must establish a standardized policy for pre-
MRI screening of patients and individuals who are suspected
of having metallic foreign objects. The policy should include
guidelines concerning which individuals or patients require
“work-up” by radiographic procedures and the specific proce-
dure to be performed (e.g., number and type of views, position
of the anatomy). Each case must be considered on an individ-
ual basis to assess the relative risk with regard to the metal
object and the MRI environment. These basic precautions
should be taken with respect to any type of MR system regard-
less of the field strength, magnet type, and the presence or
absence of magnetic shielding.

Pregnant Patients

A patient who is pregnant or suspects that she is pregnant
must be identified before exposure to the MRI environment to
address the risks versus the benefits of the examination for the
individual. To date, there are no known biologic effects of MRI
on fetuses. However, a number of mechanisms exist whereby
there could be a potential for adverse effects of the interaction
of electromagnetic fields with developing fetuses. Cells under-
going division, which occurs during the first trimester of preg-
nancy, are more susceptible to a variety of effects. For this rea-
son, many facilities choose to delay MR imaging until after the
first trimester.

The FDA guidelines indicate that the safety of MRI when
used to image the fetus has not been established or proved.
Therefore patients should be provided this information and
should also be informed that there are presently no known
deleterious effects related to the use of MR procedures during
pregnancy. However, according to the recommendations pro-
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vided by the safety committee of the Society for Magnetic
Resonance Imaging, “MR procedures may be used for pregnant
patients when other nonionizing forms of diagnostic imaging
are inadequate or when the examination provides important
information that would otherwise require exposure to a diag-
nostic procedure that requires ionizing radiation (e.g., com-
puterized tomography, fluoroscopy).” For this reason, the
American College of Gynecology and Obstetrics recommends
that potential MR patients who are pregnant should be
reviewed on a case-by-case basis. This policy has been adopt-
ed by the American College of Radiology and is considered to
be the “standard of care” with respect to the use of MR proce-
dures for pregnant patients.

Pregnant Employees

A recent survey revealed no increased incidence of sponta-
neous abortions among MR technologists and health care
practitioners. (It should be noted that the incidence of sponta-
neous abortions makes up approximately 30% of all pregnan-
cies.) After this survey, the following determinations were
made:

# The facility from which the data was observed changed
their in-house policy from one which restricts pregnant
technologists from being near the magnetic field to a
policy which allows pregnant technologists to be in the
room to set up the patient but not to remain in the room
during image acquisition.

# It has been suggested that informed workers make their
own decision. For this reason, MRI facilities have estab-
lished individual guidelines for pregnant employees in
the MR environment. The majority of facilities have
determined that pregnant employees can safely enter
the scan room of superconductors or permanent mag-
nets on which the magnetic field is contained, but must
stay out while the scanner is running when the RF and
gradient fields are employed.

# A policy is recommended that permits pregnant technol-
ogists and health care workers to perform MR procedures,
as well as to enter the MR system room and to attend to
the patient during pregnancy, regardless of the trimester.



