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Abstract

Purpose: To measure the knowledge of oncology patients regarding use and potential risks of ionizing radiation in diagnostic imaging.

Methods: A 30-question survey was developed and e-mailed to 48,736 randomly selected patients who had undergone a diagnostic
imaging study at a comprehensive cancer center between November 1, 2013 and January 31, 2014. The survey was designed to measure
patients’ knowledge about use of ionizing radiation in diagnostic imaging and attitudes about radiation. Nonresponse bias was quantified
by sending an abbreviated survey to patients who did not respond to the original survey.

Results: Of the 48,736 individuals who were sent the initial survey, 9,098 (18.7%) opened it, and 5,462 (11.2%) completed it. A total
of 21.7% of respondents reported knowing the definition of ionizing radiation; 35.1% stated correctly that CT used ionizing radiation;
and 29.4% stated incorrectly that MRI used ionizing radiation. Many respondents did not understand risks from exposure to diagnostic
doses of ionizing radiation: Of 3,139 respondents who believed that an abdominopelvic CT scan carried risk, 1,283 (40.9%) believed
sterility was a risk; 669 (21.3%) believed heritable mutations were a risk; 657 (20.9%) believed acute radiation sickness was a risk; and
135 (4.3%) believed cataracts were a risk.

Conclusions: Most patients and caregivers do not possess basic knowledge regarding the use of ionizing radiation in oncologic diag-
nostic imaging. To ensure health literacy and high-quality patient decision making, efforts to educate patients and caregivers should be
increased. Such education might begin with information about effects that are not risks of diagnostic imaging.
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INTRODUCTION
In a 2001 Health Affairs article [1], MRI and CT were
ranked by physicians as the most important medical
innovations of the preceding 25 years. The clinical
value of these two medical imaging modalities, along

with PET, has been well documented, and utilization
of these modalities has increased markedly during the
past two decades. Recent efforts from payers and
providers have focused on more-appropriate utilization
and increased safety of diagnostic imaging through pro-
grams such as the ACR Appropriateness Criteria� and the
Image Gently� and Image Wisely� campaigns [2-4].

Increased awareness about the use of ionizing radia-
tion in diagnostic imaging has resulted in concern among
the public and medical community. A 2009 Los Angeles
Times article [5] reported the exposure of 260 patients to
excessively high doses of radiation during CT brain
perfusion scans at one institution, and the “Radiation
Boom” series in The New York Times [6] highlighted
numerous safety concerns and examples of overuse. The
National Council on Radiation Protection and
Measurements reported a seven-fold increase in radia-
tion exposure of the US population from medical imaging
between the early 1980s and the mid-2000s [7]. In fact,
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24% of the collective radiation dose in the United States
is attributable to CT alone. Articles in the medical
literature have reported on the increasing exposure of
patients to ionizing radiation through diagnostic
imaging and the projected cancer risks of these imaging
studies [8-10]. Increasing interest in these topics has
now resulted in increased regulatory scrutiny and
legislative measures [11,12].

Adverse effects from radiation exposure can be clas-
sified broadly as either tissue or stochastic. Tissue effects,
also known as deterministic effects, are characterized by a
threshold, below which is no effect, and above which is a
biological effect that increases in severity with radiation
dose. Examples include radiation cataracts, radiation skin
injury, and sterility. Stochastic effects are those for which
the likelihood of an effect increases with dose, and the
effect is “all or nothing”—ie, the effect is either present or
not, and the severity of the effect is independent of dose.
The most notable example of a stochastic effect is
radiation-induced cancer. The currently accepted model
for radiation-induced cancer is the linear no-threshold
model [13].

Much of the research in this area has focused on in-
dividuals exposed to radiation during the atomic bomb-
ings of Hiroshima and Nagasaki, Japan. Some
controversy surrounds the extrapolation of these data to
very low doses; however, the confirmed excess risk at
higher doses should be discussed by providers and pa-
tients during shared decision making about diagnostic
imaging [14]. Although many believe that stochastic
effects do result from diagnostic imaging, the risks are
estimated to be very small [13,14].

Amplification by the media of potential risks associated
with diagnostic imaging may result in stigmatization of
medical imaging and make patients reluctant to undergo
indicated examinations [11,15]. The word “radiation”
may elicit preconceived ideas driven by images ranging
from Chernobyl to nuclear weapons [16]. Many
advocate increased use of benefit-risk discussions
between providers and patients, during which providers
explain the need for imaging and address patients’
concerns [17,18]. To effectively communicate with
oncology patients and ensure informed decision making,
we must understand their scope of knowledge.

Arguably, oncology patients should be those most
familiar with diagnostic imaging. Diagnostic imaging is
used in every phase of the diagnosis and treatment of
cancer, and almost any patient diagnosed with cancer will
undergo at least one diagnostic imaging procedure. Some
patients undergo repeated diagnostic imaging procedures

at regular intervals for monitoring of response to therapy
or surveillance for recurrence. The purpose of this study
was to measure oncology patients’ knowledge regarding
use of ionizing radiation in diagnostic imaging, the rela-
tive radiation doses resulting from use of various imaging
modalities, and the tissue and stochastic risks from
exposure to ionizing radiation.

METHODS
In this study, approved by the Institutional Review Board
of The University of Texas MD Anderson Cancer Center,
we measured the knowledge of patients and their direct
caregivers about the use of ionizing radiation in diagnostic
imaging.We created a 30-item questionnaire (Appendix 1,
available online) and distributed it via e-mail, in February
2014, to 48,736 randomly selected patients who had
undergone a diagnostic imaging procedure at the center
between November 1, 2013 and January 31, 2014.

Patients were randomly selected from the RIS ac-
cording to the examination received, in proportion to the
actual annual distribution of examinations among imag-
ing modalities. Surveys were sent to patients but included
a note asking that a direct caregiver complete the survey if
a patient was not able or willing to do so. For questions
about knowledge or opinions regarding ionizing radia-
tion, respondents were asked to indicate their own
knowledge and opinions.

The survey questioned patients and caregivers about
the following: which diagnostic imaging modalities use
ionizing radiation; potential risks from exposure to
ionizing radiation; what information, if any, patients
received from their physician regarding the use of ionizing
radiation; and their attitudes about the benefits and risks
of diagnostic imaging. The survey was constructed using
the principles advocated by Dillman et al [19]:
respondents could stop and restart the survey, provide
open-ended responses, and rank-order their responses
when they selected multiple responses to a single question.

Participants who responded that they did not know
the definition of ionizing radiation were presented with
one of two definitions. The first was as follows: “Elec-
tromagnetic or particulate radiation that is sufficiently
energetic to excite or ionize (remove electrons from)
atoms. Ionizing radiation is invisible and not directly
detectable by human senses.” The second definition had
the added statement “so instruments such as Geiger
counters are usually required to detect its presence,” at
the end, and served as the negative case. The use of two
definitions was intended to prevent the introduction of
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