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Abstract: Radiation awareness and protection of patients have been
the fundamental responsibilities in diagnostic imaging since the dis-
covery of x-rays late in 1895 and the first reports of radiation injury in
1896. In the ensuing years, there have been significant advancements in
equipment that uses either x-rays to form images, such as fluoroscopy or
computed tomography (CT), or the types of radiation emitted during
nuclear imaging procedures (e.g., positron emission tomography [PET]).
These advancements have allowed detailed and indispensable evaluation
of a vast array of disorders. In fact, in 2001, CT and MRI were cited by
physicians as the most significant medical innovations in the previous 3
decades. Rapid technological advancements in the last decade with CT,
especially, have required imaging professionals to keep pace with in-
creasingly complex technology to derive the maximum benefits of im-
proved image acquisition and display techniques, in essence, the
improved quality of the examination. It has also been challenging to
fulfill the fundamental responsibilities of safety during this period of
rapid growth (e.g., radiation protection, management of the risk of ad-
ditional interventions driven by incidental findings, performing studies
that were not indicated). The purpose of this paper is to define critical
issues pertinent to ensuring patient safety through the appropriate as-
sessment, recording, monitoring, and reporting of the radiation dose
from CT.
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RADIATION AWARENESS

Radiation awareness and protection of patients have been fun-
damental responsibilities in diagnostic imaging since the dis-
covery of x-rays late in 1895 and the first reports of radiation
injury in 1896.! In the ensuing years, there have been signifi-
cant advancements in equipment that uses either x-rays to form
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images, such as fluoroscopy or computed tomography (CT),? or
the types of radiation emitted during nuclear imaging pro-
cedures (e.g., positron emission tomography [PET]). These
advancements have allowed detailed and indispensable evalua-
tion of a vast array of disorders. In fact, in 2001, CT and MRI
were cited by physicians as the most significant medical in-
novations in the previous 3 decades.’ Rapid technological ad-
vancements in the last decade with CT, especially, have required
imaging professionals to keep pace with increasingly complex
technology to derive the maximum benefits of improved image
acquisition and display techniques, in essence the improved
quality of the examination. It has also been challenging to fulfill
the fundamental responsibilities of safety during this period of
rapid growth (e.g., radiation protection, management of the risk
of additional interventions driven by incidental findings,*
performing studies that were not indicated). The purpose of this
paper is to define critical issues pertinent to ensuring patient
safety through the appropriate assessment, recording, monitor-
ing, and reporting of the radiation dose from CT.

CT Scanning and 4A Innovation Model

The 4A Innovation Model, which includes awareness, ac-
countability, ability, and action,>¢ is a framework that has been
successfully used for adoption of new technologies, including
the NQF Safe Practices. These are defined in the National
Quality Forum Safe Practices for Better Healthcare—A Con-
sensus Report—2010 Update®” (Table 1), which provides a
description of how leaders can use the 4A Model to innovate
and improve their CT practices. For this paper, we suggest use
of the 4As to define improvements and innovations in CT
scanning practices that can be put into clinical practice.

Awareness

The medical community and the general public have be-
come increasingly aware of the radiation delivered to the U.S.
population by medical imaging. There have been substantial
efforts directed toward improvements in techniques and appli-
cations of strategies for radiation protection in medical imaging,
but we need to take further actions in appropriate radiation-dose
recording. The term appropriate is pivotal here. Efforts in
radiation-dose recording must be accurate, practical, adaptable,
consensus-based, and applicable to all patients undergoing
medical imaging and must be meaningful. This recipe can be
found in models and guidelines such as those exemplified by
the highly successful advocacy and educational Image Gently
Campaign for radiation protection in children®’; as a template
for The National Quality Forum (NQF) Safe Practices for Better
Healthcare Safe Practice 34, “Pediatric Imaging”'°; the Society
of Interventional Radiology’s guidelines for recording radiation
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TABLE 1. The 4A Model of How Leaders Can Implement
Adoption of New Technologies

Awareness: Leaders must be aware of performance gaps before
anything can be achieved. Awareness requires that adequate in-
formation is provided to leaders at all levels. The practice requires
that structures and systems are in place to provide a continuous
flow of information to leaders from multiple sources about the
risks, hazards, and performance gaps that contribute to patient
safety issues. Leaders at any level need a clear understanding of
performance shortfalls to act.

Accountability: Accountability of leaders to closing performance
gaps is a key success factor—someone needs to “own” the
changes that must be made to processes, systems, and expecta-
tions of staff. Because of the slow but critical transformation from
the legacy “command and control” accountability structures to
“team-based” approaches, few leaders are directly accountable
for specific and measurable patient safety performance gaps.
High-performing organizations have seen the light and have
teamed clinical with administrative leaders with joint goals.

Ability: A team or unit may be aware of gaps and may be ac-
countable for those gaps. However, if they are not able to make
changes, change will not occur. Worse, “learned helplessness”
can set in, galvanizing the troops to the status quo. The dimension
of ability may be measured as capacity for change. It requires
investment in knowledge, skills, compensated staff time, and the
“dark green dollars” of line-item budget allocations. Preliminary
results from the TMIT Research Test Bed, which is studying the
impact of patient safety practices and solutions in hundreds of
community hospitals, indicate that few hospitals have made ad-
equate investments in patient safety.

Action: Finally, to accelerate innovation adoption, organizations
need to take explicit actions toward line-of-sight targets that close
performance gaps, that can be easily measured, and that can
generate early wins. Multiple objectives that can be achieved by
direct action must be designed into an improvement program,
improvement that can be easily scored.

Adapted from.®

dose!!; and the Image Wisely campaign.'? The Image Wisely
campaign was launched to apply similar strategies and a posi-
tive, science-based approach to the radiation protection of
adults as are being applied to children.

Accountability

Radiation protection for medical application has 2 funda-
mental principles: justification (ensuring the examination is
warranted) and optimization (using only as much radiation as is
necessary for that examination).'>!'# Although these principles
should be applied for each individual examination, there is a
growing emphasis on added accountability for the collective ra-
diation used in medical imaging,'® both for individual patients and
for more global practice performance, such as adherence to ref-
erence levels (benchmarks), as discussed below.

Leaders of imaging practices and individual providers
must be accountable for the radiation safety of all patients, both
as a group and individually, entrusted to their care. Leaders are
particularly responsible for closing gaps in performance.

Although accurate radiation-dose recording and tracking
are challenging with current technology and systems, radiology,
medical physics, and industry are collaborating to achieve this
worthy goal. Recording this information will not only provide a
dose profile for a patient or a practice over time but also in-
crease our ability to monitor and adhere to radiation protection
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principles such as optimization. Table 2 provides a list of po-
tential benefits from dose monitoring.

Ability

Measures, standards, and practices, when coupled to knowl-
edge and resources, provide an organization and its leaders with
the tools to close performance gaps and ensure safety. We cannot
be aware of and accountable for gaps in performance, however, if
we are not able to measure and close them by direct action.
Hence, we will fail in our charge if we lack the ability to measure
radiation-dose levels in an appropriate (i.e., contemporary)
manner.

Action

The National Quality Forum (NQF) Safe Practices for
Better Healthcare® is a set of formalized consensus-based
standards for hospitals created through a National Harmoniza-
tion Program. Performance measures, also developed by the
NQF, provide the opportunity to ensure quality in performance,
including CT.!%1¢ Recent efforts to address the challenges of
radiation-dose monitoring have been made by national and in-
ternational organizations.!’-2?

TABLE 2. Potential Benefits From Patient Radiation Exposure
Monitoring

1. Benefits to patients
a. Optimize radiation exposure
b. Accountability for radiation protection by health-care providers

c. Provides opportunity for informed discussions between pa-
tients and health-care providers

II. Benefits to health-care providers referring patients for imaging/
intervention

a. Potential benefits from decision support
b. Improved/justified resource utilization
III. Benefits to health-care providers involved in performance of
imaging/intervention
a. Potential benefits from decision support
b. Improved/justified resource utilization

c. Realistic comparison of facility exposures with nationally
available diagnostic reference levels
d. Protocol optimization and quality improvement
IV. Benefits to policymakers
a. Quantitative tools protect the public health and safety
b. Improved quantitative approaches to radiation safety
policymaking
c. Manage imaging utilization
V. Benefits to regulators

a. Encourage facilities to implement the diagnostic reference
level process

b. Improved data to aid facilities in conducting reliable self-audits
VI. Benefits to researchers
a. Provide radiation safety data sets

b. Incorporate patient-specific radiation metrics into research
studies

c. Provides quantitative basis for development of best practices,
guidelines, and appropriateness criteria

VII. Benefits to industry
a. Promotes partnership with other stakeholders in establishing
radiation exposure monitoring technology

Modified with permission from Madan Rehani, PhD, IAEA.!”
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Radiation-Dose Monitoring

Radiation-dose monitoring is also a concern to U.S. federal
and state government agencies. One of the main goals of the
U.S. Food and Drug Administration’s Initiative to Reduce Un-
necessary Radiation Exposure from Medical Imaging is
supporting the establishment of voluntary dose registries.?> The
Centers for Medicare and Medicaid Services, which uses mea-
sures endorsed by NQF and other quality organizations as part
of its quality measures programs,* has submitted a list of
measures under consideration for 2012 to the NQF-convened
Measure Applications Partnership (MAP) for multi-stakeholder
input.> A number of the measures under consideration relate
to radiation-dose optimization for medical imaging (e.g., per-
centage of CT exams reported to a radiation-dose index registry
and percentage of pediatric CT imaging studies that use indi-
vidualized protocols in compliance with widely used guide-
lines). California recently enacted the “dose reporting law” (SB
1237), which includes a requirement for recording of CT-dose
indices on the patient’s medical record and provisions for dose-
related medical event reporting.2®

Accreditation organizations such as the American College
of Radiology, the Intersocietal Accreditation Commission, and
the Joint Commission also have an important role in taking
action to enforce dose monitoring as part of a facility’s overall
quality assurance program. Recently, the Joint Commission
recommended that facilities “record the dosage or exposure as
part of the study’s summary report of findings.”?’ Although this
is a good goal, it is also challenging, and facilities need clear
guidelines on how to implement it.

Although facility-level dose monitoring and comparison to
national reference levels have been required by law in many
European countries for the last decade, there is no such national
requirement in the United States, and national reference levels
for the United States are beginning to be addressed.?®2° As
more states and accreditation organizations consider regulations
or guidelines on this topic, the need for practical, consensus-
based dose-recording quality measures becomes even more
important. Also, any measure should be accompanied by clear
guidelines for implementation by the facility and third-party
auditors (e.g., by regulators or accreditation organizations).

Although recent measures'® may be correct in concept and
should be applauded for their objectives regarding radiation
dose, care must be taken to make sure that such measures gen-
erate real safety at the front line and do not contradict existing
measures that have stood the test of time and appropriately ad-
dress individual patient characteristics. The following material
from radiology and medical physics specialists indicates what is
known and unknown in three major areas: background infor-
mation of radiation doses and potential risks from medical im-
aging; dose estimations for CT; and dose recording, monitoring,
and reporting. As a basis for improved quality measures for CT
radiation protection through radiation dose estimation and re-
cording across all patient ages and sizes, the following sections
propose some solutions to the challenges faced in these 3 areas.

Background: Dose and Risk in CT

Radiation exposure and risk from medical imaging exam-
inations is a leading safety issue in radiology.? Overall, an es-
timated 85 million CT examinations are performed annually in
the United States.>* The general trend for CT has been about a
10% increase annually,3! although this trend seems to have
slowed recently in both pediatric and adult patient populations.
Still, CT accounts for about 25% of the total radiation exposure
to the U.S. population annually.3?
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An article in US4 Today in 2001 brought to the public’s
attention the potential for radiation induced cancer from CT
scans in children,3 and more recent scholarly publications and
reports of events and overexposures to patients from CT con-
tinue to be highly visible in the lay press as well as in medical
journals, 3440

When discussing radiation risk, it is necessary to recognize
that CT is an invaluable diagnostic and that the benefit from
a medically appropriate CT exam almost always far exceeds
the potential risk. Still, the risk aspect of the benefit-to-risk
ratio must be considered.*®#! There is little debate that effec-
tive doses (discussed further in the next section) over 100 to
150 mSv are associated with a small but statistically significant
increase in risk of cancer*?; doses between 50 and 100 mSv
are much debated (the effective dose from a single CT can
range from less than 1.0 mSv to more than 30 mSy, although
most provide between 2 and 20 mSv). Although there is little
direct evidence for a link to cancer with effective doses below
50 mSv,** a recent study showed an association between leukemia
and brain tumors and childhood CT scans.*’ The conservative
perspective taken for radiation protection of patients is that no
amount of radiation should be considered “safe.” If the required
clinical information can be obtained at a lower dose, without
compromising the accuracy of the exam, then the lower dose
should always be used. This conservative approach is especially
appropriate with children, who are, in general, more vulnerable to
the effects of radiation and who absorb more radiation relative to
an adult at the same equipment settings.

The potential risk (again, the presence of risk is not certain)
of any individual developing a fatal cancer from a single CT
examination depends on a number of variables, such as age, sex,
region examined (the ankle is much less radiation-sensitive than
the chest), and genetic susceptibility. The range of estimated
additional risk for a fatal cancer is quite large, varying from
approximately under 1 in 100 (1%, for a young patient and
several higher-dose exams) to 1 in 10,000 (0.01% for older
patients and lower-dose exams or exams to the extremities).*°
This is a factor of 100, and those discussing risk need to be
mindful of this variability. Discussions should also include the
estimates of baseline (naturally occurring) lifetime risk of de-
veloping cancer (40%) or of dying from cancer (23%).

Although we have a general understanding of the limita-
tions of risk estimations, we currently lack the following: tools
to provide patient specific dose estimates; diagnostic reference
levels for many of the CT exams performed in the United States,
particularly as a function of examination indication and patient
size/age, consensus on the method of and objectives for tracking
an individual’s medical radiation dose, and guidance on how to
interpret and act upon individual cumulative dose estimates.!>%4

Dose Estimations

There are several measures of radiation dose, each of
which is used for a different purpose. The most readily available
are dose indices known as the volume computed tomography
dose index (CTDI,,,) and dose length product (DLP), which are
displayed on the CT scanner console.*> These values are
obtained in the factory by scanning 2 acrylic cylinders (one with
a 16-cm diameter and the other with a 32-cm diameter) on a
representative sample of each CT scanner. In clinical use, when
the CT settings for a patient examination are selected, the ma-
chine calculates the CTDI,,, for these cylinders (“CTDI phan-
toms”). This method is highly accurate for estimating the
radiation dose to the phantom, thus characterizing the radiation
output of the scanner.*>*” However, these dose indices are not
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an estimate of the actual patient’s dose, as the patient’s size and
absorption characteristics are not considered. When exam pa-
rameters are manually set, the exposure displayed CTDI,
would be the same even if no patient was in the scanner. Again,
these indices tell the user how much radiation the scanner pro-
duces, not how much a patient receives.

Nonetheless, CTDI,,, and DLP are tools for assessing ra-
diation safety practices, both at the individual and practice
levels; if data are binned properly according to patient size and
exam clinical indication, they can be used to evaluate the dose
settings used in a practice for purposes of protocol optimization.

The determination of actual radiation dose absorbed by an
individual is highly complex. A complete characterization of
dose to the individual patient would include estimates of indi-
vidual organ doses, which must take into account the patient’s
sex, age, and body habitus (essentially the size and shape).
Currently, a clinical tool to estimate organ doses to individual
patients is not available. What then are the currently available
methods for dose estimations? Furthermore, risk estimates are
based on estimates of doses to individual organs and age- and
gender-specific risk coefficients. These risk coefficients are
associated with a relatively large uncertainty, about an order of
magnitude, especially for doses below 100 mSv. It is important
to recognize this so that the level of precision required in dose
estimates is set in a manner consistent with the uncertainties in
subsequent risk estimation.

Effective dose (reported in mSv) is a common method for
deriving the risk associated with a radiation exposure. It is a
population-based average for patients of standard size. Al-
though there are other units of dose used in medical imaging,
effective dose in mSv is one of the most commonly encountered
units. Although effective dose is a commonly used dose metric,
it was not developed as an estimator for individual patient dose
or risk and is not well suited for this purpose.*®* One critical
point is that effective dose, including its use in the CT clinical
literature, is really a risk estimation tool for a non-gender-
specific, standard-size patient, and not an actual patient dose.>®
Any references to “dose” in this paper assume that this caveat
is understood.

The effective dose represents the risk from CT exam in
terms of the risk from a total body (uniform) irradiation. It is the
sum of the radiation doses to exposed organs, multiplied by the
differing risk-weighting coefficients for different organs. A
proper calculation of effective dose is complicated, and the DLP
from the CT scanner is often used in clinical practice as a very
simplified effective dose estimation for patients. However, ef-
fective dose was not designed to describe the dose to an indi-
vidual patient; it is a useful measurement for comparing doses
from different imaging modalities (e.g., a barium enema with an
abdominal and pelvic CT), which all have different dose indices
or different regions with the same modality (e.g., a brain CT vs
a chest CT).%!

An example of a limitation of the DLP method for deter-
mination of dose follows. Patient dose depends on patient size:
for the same values of CTDI and DLP, a small patient will ac-
tually receive a higher dose than will a large patient, although
the effective dose, calculated according to the DLP method, is
the same. To address this, the American Association of Physi-
cists in Medicine (AAPM) report (Task Group 204),%2 through
scientific investigations by Boone, Strauss, McCollough, and
McNitt-Gray, developed an improved estimate of patient dose
(the size-specific dose estimations, or SSDE) based on patient
body size. SSDE can be calculated easily using the information
available on the scanner console. SSDE is derived from the
CTDI, knowledge of the reference phantom used, a patient-size
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measurement, and a simple conversion table. It is a more ac-
curate dose estimator of the mean patient dose over a certain
body region (accurate to 10%—20%).

While allowing a significant improvement in CT dose es-
timation, SSDEs do not provide as accurate an estimation of
patient dose as does the estimation of individual organ doses
that is possible through newer investigations by both medical
physicist and radiology investigators (including those used for
development of the SSDE method).5>35 Although this more
advanced work will provide more detailed patient-specific dose
information and risk estimations for individual organs such as
the lungs, liver, or kidneys, these methods are not currently
suitable for routine clinical use.

In summary, both SSDE and the organ-specific dose-
estimation methods demonstrate that approaches to dose esti-
mation in CT are rapidly evolving. Methodology based on the
current CTDI and DLP method is often inaccurate and may
provide a false sense of security about doses, particularly in the
younger population. This runs contrary to the goals of the Im-
age Gently Campaign and NQF Safe Practice 34, “Pediatric
Imaging,” ' which advocates for appropriate dose management
for CT in the pediatric population.

The imaging community has a responsibility for accurate
dose assessment. These accurate estimates serve as a foun-
dation, for dose recording and analysis, and are essential
for realization of the benefits of dose recording (Table 2).!”
This point cannot be overemphasized because reference levels
(standard dose ranges) using CTDI and DLP measures will not
reflect the effect of variation in patient sizes and will render
inaccurate the dose estimates (and broad risk considerations) for
patients or patient populations from medical radiation exposure.

Radiation Dose Recording, Monitoring, and
Reporting: An Essential Quality Metric

The imaging community has a responsibility to manage
radiation risks just as we do for other procedural risks such as
bleeding, infection, thrombosis, and adverse drug effects. These
other adverse events are often recorded in databases. What
about recording information about radiation dose from medical
imaging? Imaging professionals, who are most knowledgeable
about the technology and examinations, are the most appropri-
ate members of the medical and safety community to develop
the methodology needed to record dose information with rea-
sonable accuracy. If the dose-estimation methods and doses
recorded, and how they are recorded and reported, are inap-
propriate, the resulting data would be questionable and may
cause patients to refuse necessary imaging exams that could be
crucial to their or their child’s health care. The responsibility for
radiation management, through dose estimation and reporting,
must be reflected through a consensus regarding dose metrics,
dose-estimation methods, dose-recording methods, and dose-
interpretation methods. Dose estimates need to be useful
(discussed above), easily determined, and recorded in an elec-
tronic health-care record (for individual dose monitoring) or
centralized database (for an anonymous dose registry to com-
pare facilities). Paper copies, manual dose entry, and dose cards
fall short in this respect.

As elaborated in Table 2, monitoring of radiation exposure
and exam history can be used for different purposes: justifica-
tion, optimization, individual risk assessment, and research.
Each of these purposes requires different types of data, which
could provide for individual patient-based records and quality
assessment and improvement functions (e.g., variations in sim-
ilar protocols among different CT scanners, or variations over
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time). On a larger scale, dose information would permit deter-
mination of reference levels that can serve as benchmarks for
individual examinations, including age/size-based ranges and
promote quality improvement. Other benefits of dose archiving
can be found in the table.

Importantly, dose estimations using age alone are poor for
establishment of reference levels. Based on recommendations
from the International Commission on Radiological Protection
(ICRP),'* FDA’s Center for Devices and Radiological Health
promotes grouping dose data based both on patient size and
clinical indication.’® The medical community is actively ad-
dressing challenges associated with appropriate grouping of
dose data based on patient size and clinical indication. For ex-
ample, new methodology, such as SSDEs discussed previously,
provides improved methods for recording dose based on patient
size and should be considered when estimating CT doses. The
American College of Radiology (ACR) Dose Index Registry,>’
the Radiological Society of North America (RNSA) RADLEX
program,®® and the American Association of Physicists in
Medicine (AAPM) working group on standardization of CT
nomenclature and protocols® are addressing the lack of stan-
dardized nomenclature for CT exams, which makes grouping,
based on clinical indication (and body part) and comparisons of
dose indices across different facilities, a significant challenge.
For instance, the identical examination may be named dif-
ferently at different institutions: an abdomen CT may also
be labeled abdominal CT, abdomen pelvis CT, AP CT, or
abdominal-pelvic CT. Conversely, CT examinations may have
the same name but may be done with different protocols and
different doses, and for different purposes, at different insti-
tutions. ACR’s work on standardized exam names and AAPM’s
work on SSDEs are crucial, as improper assignment of a re-
gional CT exam due to failure to account for clinical indication
or patient size factors would render invalid the establishment of
reference levels or comparisons against existing reference levels
and across different facilities.

Needs for dose recording include agreed-upon dose indices
for CT. Should the measure be CTDI,,, or DLP, SSDE, organ
dose, or effective dose? Some difficulties with dose recording
were recently discussed.'® One critical consideration is the au-
dience for dose-estimation information. Can “one size (one
measure) fit all”—radiologist, medical physicist, referring
health-care provider, patient (through patient portals and access
to radiology reports), patient’s loved ones, supervising regula-
tory, and/or governmental agencies? Physicists, radiologists,
regulatory or governmental organizations, and patients will
likely have different levels of needs and understanding with
respect to dose records. What does “CTDI,,; of 24.2 mGy”
mean to a patient? Do all patients want this information? Should
it be on the picture archiving and communication system
(PACS) but not the patient report? How can one justify this?
These are critical questions to address before we can begin to
approach radiation-dose recording for medical procedures. In-
stead of dose, should it actually be a risk estimate that is
recorded and reported? This has been recently debated.'> Al-
though the dose is a number that can be useful for facility-level
dose optimization and quality-assurance purposes, some mea-
sure of risk underlies arguments for the reporting of doses to
individual patients as part of their medical record.!® Suffice it to
say that it would be extremely difficult, given large uncertainties
and controversy with radiation risk from medical imaging,*° to
effectively communicate this among ourselves and to patients.

We must be mindful of the scope of our diverse “customer”
base (e.g., patients, referring clinicians, administrators, regula-
tors) when planning for dose recording. It has been suggested
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that report statements might best focus on (re)assurance indi-
cating that the equipment, personnel, and the program (whether
CT, interventional radiology, fluoroscopy, nuclear medicine, or
conventional radiography) meet standards of excellence for ex-
pertise, safety (including radiation protection), and quality in a
fashion similar to the Good Housekeeping Seal program. '8 Most
individuals do not really care what ingredients are in their
toothpaste as long as there is clear evidence that some respected
authority has “approved” the product. The regulatory or scien-
tific community might want the list of toothpaste ingredients,
and it should be available. For medical imaging, more specific
dose and risk discussion could be accessible through readily
available links within the report to potentially satisfy the needs
of the customer base.

CONCLUSIONS

Medical imaging from radiography, fluoroscopy, computed
tomography, and nuclear medicine exams does deliver low
levels of radiation exposure to patients. The risk associated with
low-level radiation is small, if it even exists, and exactly how
small is widely debated. Nonetheless, the recommended ap-
proach in scientific and medical circles for managing medical
radiation exposures is to justify the need for the examination
and to use only the amount of radiation necessary to answer the
questions at hand.

There is a growing trend toward accountability, both na-
tionally and internationally, including recording, monitoring,
and reporting of medical radiation.'> We must work together as
a community (including radiologists and other imaging spe-
cialists, technologists, medical and health physicists, regulatory
and governmental representatives, practice/hospital administra-
tors, industry representatives, and the public through advocacy
groups) to be sure that the dose metrics we adopt are as accurate
and adaptable as possible and that these measures serve the
purposes of all stakeholders. For example, to say that CTDI is
the measure that should be recorded for CT does not fully
consider the issues related to, and meaningful objectives of,
radiation-dose recording.

Simply stated, we must be careful that what we select as a
dose measure is as accurate as possible, is able to be modified to
reflect the evolution in dose estimations, is suitable for both
pediatric and adult patients, does not require manual input of
data, and can be embraced by all stakeholders.

The measures adopted and programs developed must have
clearly defined objectives that are amenable to monitoring and
modification. This is the very essence of a quality practice.

REFERENCES

1. Hrabak M, Marko RS, Kralik M, et al. Nikola Tesla and the discovery of
x-rays. Radiographics. 2008;28:1189—1192. Available at: http://
radiographics.rsnajnls.org/cgi/pmidlookup?view=long&pmid=18635636.
Last accessed July 19, 2012.

2. Hricak H, Brenner DJ, Adelstein SJ, et al. Managing radiation use in
medical imaging: a multifaceted challenge. Radiology.
2011;258:889-905. Epub 2010 Dec 16.258:889-905, 2011 Available
at: http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21163918.
Last accessed July 19, 2012.

3. Fuchs VR, Sox HC. Physicians’ views of the relative importance of
thirty medical innovations. Health Aff (Millwood). 2001;20:30-42.
Available at: http://content.healthaffairs.org/cgi/pmidlookup?view=
long&pmid=11558715. Last accessed July 19, 2012.

4. Lincoln L, Berland LL, Stuart G, et al. Managing incidental findings on
abdominal CT: white paper of the ACR incidental findings committee.
J Am Coll Radiol. 2010;7:754-773.

© 2013 Lippincott Williams & Wilkins

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://radiographics.rsnajnls.org/cgi/pmidlookup?view=long&pmid=18635636
http://radiographics.rsnajnls.org/cgi/pmidlookup?view=long&pmid=18635636
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21163918
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=11558715
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=11558715

| Patient Saf * Volume 9, Number 4, December 2013

Radiation Protection and Dose Monitoring

10.

11.

14.

15.

20.

21.

22.

. Denham CR. Patient safety practices: leaders can turn barriers into

accelerators. J Patient Saf. 2005;1:41-55.

. George WW, Denham CR, Burgess LH, et al. Leading in crisis: lessons

for safety leaders. J Patient Saf. 2010;6:24-30.

. National Quality Forum (NQF). Safe Practices for Better Healthcare —

2010 Update: A Consensus Report. Washington, DC: National Quality
Forum; 2010.

. Goske MJ, Applegate KE, Frush DP, et al. The Image Gently campaign:

working together to change practice. 4JR Am J Roentgenol.
2008;190:273-274. Available at: http://www.ajronline.org/cgi/
pmidlookup?view=long&pmid=18212208. Last accessed July 19,
2012.

. Goske MJ, Applegate KE, Frush DP, et al. Image Gently: a national

education and communication campaign in radiology using the science
of social marketing. J Am Coll Radiol. 2008;5:1200.

National Quality Forum (NQF). Safe practice 34: pediatric imaging. In:
Safe Practices for Better Healthcare — 2010 Update: A Consensus
Report. Washington, DC: National Quality Forum; 2010:389-394.

Miller DL, Balter S, Dixon RG, et al. Quality improvement guidelines
for recording patient radiation dose in the medical record for
fluoroscopically guided procedures. J Vasc Interv Radiol.
2012;23:11-18.

. Brink JA, Amis ES. Image wisely: a campaign to increase awareness

about adult radiation protection. Radiology. 2010;257:601-602.
Available at: http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&
pmid=21084410. Last accessed July 19, 2012.2010.

. International Atomic Energy Agency. Radiation Safety. International

Standards for Radiation Protection. Vienna, Austria. : International
Atomic Energy Agency. [Online] ND. Available at: http://www.iaea.org/
Publications/Booklets/Radiation/radsafe. html#seven. Last accessed
July 19, 2012.

International Commission on Radiological Protection. Radiological
Protection in Medicine. ICRP Publication 105. Ann. ICRP 2007
Dec; 37(6).

Committee on Tracking Radiation Doses from Medical Diagnostic
Procedures; Nuclear and Radiation Studies Board; Division on Earth and
Life Studies; National Research Council. Tracking Radiation Exposure
from Medical Diagnostic Procedures: Workshop Reports. Report.
Committee on Tracking Radiation Doses from Medical Diagnostic
Procedures; Nuclear and Radiation Studies Board; Division on Earth
and Life Studies; National Research Council. Washington, DC:
National Academy of Sciences. The National Academies Press; 2012.

. National Quality Forum (NQF). NQF Patient Safety Measure #0739- :

Radiation Dose of Computed Tomography (CT). [Online] Jan. 25, 2012,
Update. Available at: http://www.qualityforum.org/MeasureDetails.
aspx?actid=0&Submissionld=221#k=739. Last accessed July 13, 2012.

. Rehani M, Einstein A, Frush DP. Patient radiation exposure tracking:

worldwide programs and needs—results from the first IAEA survey.
Eur J Radiol. In press.

. Frush DP. Our responsibility for medical radiation dose determinations.

J Vasc Interv Radiol. 2012;23:451-452.

. Rehani M, Frush DP. Patient exposure tracking: the IAEA SmartCard

Project. Radiat Prot Dosimetry. 2011;147:314-316.

National Council on Radiation Protection and Measurements (NCRP).
Radiation dose management for fluoroscopically-guided interventional
medical procedures. NCRP Report No. 168. Bethesda, MD: National
Council on Radiation Protection and Measurements; 2010.

International Atomic Energy Agency. Establishing guidance levels in
x ray guided medical interventional procedures: a pilot study. Safety
Reports Series No. 59. Vienna, Austria: International Atomic Energy
Agency; 2009.

Conference of Radiation Control Program Directors. Technical White
Paper: Monitoring and tracking of fluoroscopic dose. CRCPD

© 2013 Lippincott Williams & Wilkins

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

Publication #E-10-7. Frankfort, KY: Conference of Radiation Control
Program Directors; 2010. Available at: http:/www.crcpd.org/Pubs/
‘WhitePaper-Monitoring AndTrackingFluoroDose-PubE-10-7.pdf.
Accessed July 19, 2012.

U.S. Food and Drug Administration. Radiation-Emitting Products.
[Online] Webpage last updated 12/14/2010 Dec 14. Available at:
http://www.fda.gov/Radiation-EmittingProducts/RadiationSafety/
RadiationDoseReduction/ucm199994.htm. Accessed July 19, 2012.

Centers for Medicare & Medicaid Services. Quality Measures. [Online]
Page Webpage last updated April 6, 2012. Available at: http://
www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-
Instruments/QualityMeasures/index.html?redirect=/QualityMeasures/
01_Overview.asp. Accessed July 1619, 2012.

National Quality Forum. Measure Applications Partnership. 2012.
[online] Available at: http://www.qualityforum.org/map/. Accessed
August 23, 2012.

California State Senate. Bill Number: SB 1237, Chapter D. [Online] Feb.
19, 2010. Available at: http://www.leginfo.ca.gov/pub/09-10/bill/sen/
sb_1201-1250/sb_1237_bill_20100929_chaptered.html. Accessed July
1619, 2012.

The Joint Commission. Radiation risks of diagnostic imaging. Sentinel
Event Alert, Issue 47, Aug. 24, 2011 [Online] Available at:
http://www.jointcommission.org/assets/1/18/sea_471.pdf.

Accessed June 26, 2012.

Miller DL, Kwon D, Bonavia GH. Reference levels for patient radiation
doses in interventional radiology: proposed initial values for U.S.
practice. Radiology. 2009;253:753-764. Available at http:/
radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=19789226.
Accessed July 19, 2012.

National Council on Radiation Protection & Measurements. SC 4-3:
Diagnostic Reference Levels in Medical Imaging: Recommendations for
Application in the United States. NCRP Report in review July 2012.
Available at: http://www.ncrponline.org/Current_Prog/SC_4-3.html.
Accessed August 22, 2012.

Outpatient and Emergency CT Procedure Volume. [online] June 5, 2012.
Available at: http://www.imvinfo.com/user/documents/content_
documents/def_dis/2012_06_05_04_54_16_458_IMV_2012_CT_
Press_Release.pdf. Accessed July 3, 2012.

Frush DP, Applegate K. Computed tomography and radiation:
understanding the issues. J Am Coll Radiol. 2004;1:113-119.

National Council on Radiation Protection (NCRP). Jonizing radiation
exposure of the population of the United States. NCRP Report No. 160,
Bethesda, MD: National Council on Radiation Protection; 2009.

Sternberg S. CT scans in children linked to cancer later. USA Today.
January 22, 2001, p 1;01.A.

Bogdanich W. West Virginia Hospital Overradiated Brain Scan Patients,
Records Show. The New York Times. March 5, 2011;A20. [Online]
Available at: http://www.nytimes.com/2011/03/06/health/
O6radiation.html?_r=1. Accessed July 19, 2012.

Bogdanich W, McGinty JC. Radiation Worries for Children in Dentists’
Chairs. The New York Times. November 22, 2010;A1. [Online]
Available at: http://www.nytimes.com/2010/11/23/us/23scan.html?
pagewanted=allhttp://www.nytimes.com/2010/11/23/us/23scan.html?
_r=1&pagewanted=alINY. Accessed July 19, 2012.

Bogdanich W. Radiation Overdoses Point Up Dangers of CT Scans. The
New York Times. October 15, 2009;A13. [Online] Available at:
http://www.nytimes.com/2009/10/16/us/16radiation.html?_r=1.
Accessed July 19, 2012.

Brenner DJ, Hall EJ. Computed tomography—an increasing source of
radiation exposure. N Engl J Med. 2007;357:2277-2284.

Smith-Bindman R, Lipson J, Marcus R, et al. Radiation dose associated
with common computed tomography examinations and the associated
lifetime attributable risk of cancer. Arch Intern Med. 2009;169:2078-2086.

www.journalpatientsafety.com | 237

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://www.ajronline.org/cgi/pmidlookup?view=long&pmid=18212208
http://www.ajronline.org/cgi/pmidlookup?view=long&pmid=18212208
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21084410
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21084410
http://www.iaea.org/Publications/Booklets/Radiation/radsafe.html#seven
http://www.iaea.org/Publications/Booklets/Radiation/radsafe.html#seven
http://www.qualityforum.org/MeasureDetails.aspx?actid=0&SubmissionId=221#k=739
http://www.qualityforum.org/MeasureDetails.aspx?actid=0&SubmissionId=221#k=739
http://www.crcpd.org/Pubs/WhitePaper-MonitoringAndTrackingFluoroDose-PubE-10-7.pdf
http://www.crcpd.org/Pubs/WhitePaper-MonitoringAndTrackingFluoroDose-PubE-10-7.pdf
http://www.fda.gov/Radiation-EmittingProducts/RadiationSafety/RadiationDoseReduction/ucm199994.htm
http://www.fda.gov/Radiation-EmittingProducts/RadiationSafety/RadiationDoseReduction/ucm199994.htm
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/index.html?redirect=/QualityMeasures/01_Overview.asp
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/index.html?redirect=/QualityMeasures/01_Overview.asp
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/index.html?redirect=/QualityMeasures/01_Overview.asp
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityMeasures/index.html?redirect=/QualityMeasures/01_Overview.asp
http://www.qualityforum.org/map/
http://www.leginfo.ca.gov/pub/09-10/bill/sen/sb_1201-1250/sb_1237_bill_20100929_chaptered.html
http://www.leginfo.ca.gov/pub/09-10/bill/sen/sb_1201-1250/sb_1237_bill_20100929_chaptered.html
http://www.jointcommission.org/assets/1/18/sea_471.pdf
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=19789226
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=19789226
http://www.ncrponline.org/Current_Prog/SC_4-3.html
http://www.imvinfo.com/user/documents/content_documents/def_dis/2012_06_05_04_54_16_458_IMV_2012_CT_Press_Release.pdf
http://www.imvinfo.com/user/documents/content_documents/def_dis/2012_06_05_04_54_16_458_IMV_2012_CT_Press_Release.pdf
http://www.imvinfo.com/user/documents/content_documents/def_dis/2012_06_05_04_54_16_458_IMV_2012_CT_Press_Release.pdf
http://www.nytimes.com/2011/03/06/health/06radiation.html?_r=1
http://www.nytimes.com/2011/03/06/health/06radiation.html?_r=1
http://www.nytimes.com/2010/11/23/us/23scan.html?pagewanted=allhttp://www.nytimes.com/2010/11/23/us/23scan.html?_r=1&pagewanted=allNY
http://www.nytimes.com/2010/11/23/us/23scan.html?pagewanted=allhttp://www.nytimes.com/2010/11/23/us/23scan.html?_r=1&pagewanted=allNY
http://www.nytimes.com/2010/11/23/us/23scan.html?pagewanted=allhttp://www.nytimes.com/2010/11/23/us/23scan.html?_r=1&pagewanted=allNY
http://www.nytimes.com/2009/10/16/us/16radiation.html?_r=1

Frush et al

| Patient Saf ® Volume 9, Number 4, December 2013

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Available at: http:/archinte.jamanetwork.com/article.aspx?articleid=415384.
Accessed July 19, 2012.

Berrington de Gonzalez A, Mahesh M, Kim KP, et al. Projected cancer
risks from computed tomographic scans performed in the United States
in 2007. Arch Intern Med. 2009;169:2071-2077. Available at:
http://archinte.jamanetwork.com/article.aspx?articleid=415368.
Accessed July 19, 2012.

Pearce MS, Salotti JA, Little MP, et al. Radiation exposure from CT
scans in childhood and subsequent risk of leukaemia and brain tumours:
a retrospective cohort study. Lancet. 2012;380:499-505.

Linet MS, Slovis TL, Miller DL, et al. Cancer risks associated with
external radiation from diagnostic imaging procedures. CA Cancer J
Clin. 2012;62:220-241.

Amis ES Jr, Butler PF, Applegate KE, et al. American College of
Radiology white paper on radiation dose in medicine. J Am Coll Radiol.
2007;4:272-284.

American Association of Physicists in Medicine website. AAPM
Position Statement on Radiation Risks from Medical Imaging
Procedures. December 13, 2011. [online] Available at:
http://www.aapm.org/org/policies/details.asp?id=3 18&type=PP.
Accessed July 19, 2012.

Durand DJ. A rational approach to the clinical use of cumulative
effective dose estimates. 4JR Am J Roentgenol. 2011;197:160-162.
Available at: http://www.ajronline.org/cgi/pmidlookup?view=long&
pmid=21701025. Accessed July 19, 2012.

McNitt-Gray MF. AAPM/RSNA physics tutorial for residents: topics in
CT. Radiation dose in CT. Radiographics. 2002;22:1541-1553.
Available at: http://radiographics.rsnajnls.org/cgi/pmidlookup?
view=long&pmid=12432127. Accessed July 19, 2012.

McCollough CH, Leng S, Yu L, et al. CT dose index and patient dose:
they are not the same thing. Radiology. 2011;259:311-316. Available
at: http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=
21502387. Accessed July 19, 2012.

Strauss KJ, Goske MJ. Estimated pediatric radiation dose during CT.
Pediatr Radiol. 2011;41(Suppl 2):472-482.

Harrison JD, Streffer C. The ICRP protection quantities, equivalent and
effective dose: their basis and application. Radiat Prot Dosimetry.
2007;127:12-28.

Martin CJ. Effective dose: how should it be applied to medical
exposures? BrJ Radiol. 2007;80:639—647. Epub 2007 Jul 23. Available
at: http:/bjr.bifjournals.org/cgi/pmidlookup?view=long&pmid=17646189.
Accessed July 19, 2012.

McCollough CH, Christner JA, Kofler JM. How effective is effective
dose as a predictor of radiation risk? AJR Am J Roentgenol. 2010,

238 | www.journalpatientsafety.com

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

194:890-896. Available at: http://www.ajronline.org/cgi/pmidlookup?
view=long&pmid=20308487. Accessed July 19, 2012.

Mettler FA, Huda W, Yoshizumi TT, et al. Effective doses in radiology
and diagnostic nuclear medicine: a catalog. Radiology.
2008;248:254-263. Available at: http://radiology.rsnajnls.org/cgi/
pmidlookup?view=long&pmid=18566177. Accessed July 19, 2012.

American Association of Physicists in Medicine. Size-Specific Dose
Estimates (SSDE) in Pediatric and Adult Body CT Examinations.
Report of AAPM Task Group 204, developed in collaboration with the
International Commission on Radiation Units and Measurements
(ICRU) and the Image Gently campaign of the Alliance for Radiation
Safety in Pediatric Imaging. College Park, MD: American Association
of Physicists in Medicine; 2011. Available at: http://www.aapm.org/
pubs/reports/RPT_204.pdf. Accessed July 19, 2012.

Li X, Samei E, Segars WP, et al. Patient-specific radiation dose and
cancer risk for pediatric chest CT. Radiology. 2011;259:862-874. Epub
2011 Apr 5. Available at: http://radiology.rsnajnls.org/cgi/
pmidlookup?view=long&pmid=21467251. Accessed July 19, 2012.

Li X, Samei E, Segars WP, Frush DP, et al. Patient-specific radiation
dose and cancer risk estimation in CT: Part I. Development and
validation of a Monte Carlo program. Med Phys. 2011;38:397-407.
Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/
21361208/?tool=pubmed. Accessed July 19, 2012.

Li X, Samei E, Segars WP, Frush DP, et al. Patient-specific radiation
dose and cancer risk estimation in CT: Part II. Applications to patients.
Med Phys. 2011;38:408-419. Available at: http:/
www.ncbi.nlm.nih.gov/pmc/articles/pmid/21361209/?tool=pubmed.
Accessed July 19, 2012.

Shuren JE. Dept. of Health and Human Services. Letter to National
Quality Forum Re: NQF Measure #0739: Radiation Dost Dose of
Computed Tomography (CT). Dept. of Health and Human Services.
[Online] October 19, 2011. Available at: http://www.qualityforum.org/
Projects/n-r/Patient_Safety_Measures/HHS_Appeal.aspx.

Accessed July 19, 2012.

American College of Radiology. Dose Index Registry. [Online]. ND.
Available at: https://nrdr.acr.org/Portal/DIR/Main/page.aspx. Accessed
July 19, 2012.

Radiological Society of North America. RadLex. [online] Available at:
https://www.rsna.org/RadLex.aspx. Accessed July 19, 2012.

The American Association of Physicists in Medicine. AAPM CT
Lexicon version 1.2. 3/20/2012. [online] Available at: http://
www.aapm.org/pubs/CTProtocols/documents/CT TerminologyLexicon.pdf.
Accessed: July 19, 2012.

Hendee WR, O’Conner MK. Radiation risks of medical imaging:
separating fact from fancy. Radiology. 2012;264:312-321.

© 2013 Lippincott Williams & Wilkins

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://archinte.jamanetwork.com/article.aspx?articleid=415384
http://archinte.jamanetwork.com/article.aspx?articleid=415368
http://www.aapm.org/org/policies/details.asp?id=318&type=PP
http://www.ajronline.org/cgi/pmidlookup?view=long&pmid=21701025
http://www.ajronline.org/cgi/pmidlookup?view=long&pmid=21701025
http://radiographics.rsnajnls.org/cgi/pmidlookup?view=long&pmid=12432127
http://radiographics.rsnajnls.org/cgi/pmidlookup?view=long&pmid=12432127
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21502387
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21502387
http://bjr.birjournals.org/cgi/pmidlookup?view=long&pmid=17646189
http://www.ajronline.org/cgi/pmidlookup?view=long&pmid=20308487
http://www.ajronline.org/cgi/pmidlookup?view=long&pmid=20308487
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=18566177
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=18566177
http://www.aapm.org/pubs/reports/RPT_204.pdf
http://www.aapm.org/pubs/reports/RPT_204.pdf
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21467251
http://radiology.rsnajnls.org/cgi/pmidlookup?view=long&pmid=21467251
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21361208/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21361208/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21361209/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21361209/?tool=pubmed
http://www.qualityforum.org/Projects/n-r/Patient_Safety_Measures/HHS_Appeal.aspx
http://www.qualityforum.org/Projects/n-r/Patient_Safety_Measures/HHS_Appeal.aspx
https://nrdr.acr.org/Portal/DIR/Main/page.aspx
https://www.rsna.org/RadLex.aspx
http://www.aapm.org/pubs/CTProtocols/documents/CTTerminologyLexicon.pdf
http://www.aapm.org/pubs/CTProtocols/documents/CTTerminologyLexicon.pdf

