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Framing the Issues

Giles W.L. Boland

Quality and safety is increasingly ascendant in
medicine as systems are focused on delivering
better value and outcomes to patients and payers.
However, even with the many checks and bal-
ances being introduced into clinical workflows,
medical systems are still challenged to deliver
consistent, evidenced-based best practices at the
point of care. In the United States, the Institute of
Medicine believes that close to 100,000 deaths/
annum are created by medical error and some
opinions believe that number to be closer to
400,000 lives. There is no known worldwide sta-
tistic but it almost certainly runs into the millions.
While radiological procedures may usually seem
non-life threatening, there is still considerable
risk, real or perceived. Certainly, invasive inter-
ventional procedures do carry significant risk,
even death (i.e., angiography or percutaneous
biopsy). Other procedures have theoretical risk
such as the effects of radiation dose exposure
(even at lower doses) mainly from Computed
Tomography, discussed elsewhere in this book.
Furthermore, there is widespread variation in the
use of appropriate examinations (imaging tests)
for a particular condition, sometimes referred to

G.W.L. Boland, M.D.
Department of Radiology, Brigham and Women’s
Hospital, Francis Street, Boston, MA, USA

Harvard Medical School, Boston, MA, USA
e-mail: Boland.Giles@ BWH.HARVARD.EDU

Med Radiol Diagn Imaging (2018)

as appropriateness (see other chapters in this
book). In fact, despite much evidence on the use
of appropriate best practices for radiological pro-
cedures (usually promulgated by national radio-
logical societies), variation in the practice of
radiology abounds, usually with no two depart-
ments alike delivering similar practices and oper-
ating procedures. What might seem appropriate
in one department is often not seen in another—
for instance, what is viewed as an acceptable
radiation dose varies across regions, towns, and
sometimes even within the same health organiza-
tion. Given this widespread variation, legislative,
payer, and professional bodies are now finding
this scenario unacceptable and are introducing
legislation or pay-for-performance measures to
drive organizations to deliver more consistent
and better care with outcomes that meet certain
predetermined standards. Furthermore, patients
themselves are now demanding better outcomes
and less variation, particularly as it has become
more evident from the press that outcomes can
significantly vary from one organization to
another. This has come at a time when demand
for imaging services is busier than ever as refer-
rers continue to see imaging as a key tool to reach
a diagnosis earlier, monitor therapy more closely,
and/or cure and palliate patients through innova-
tive interventional therapies. This significant
increase in radiological volume has sometimes
come at the cost of quality (and even safety) as
radiologists and departments are busier than ever
trying to keep up with demand of simply
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performing and interpreting the procedures.
Often departments are just too inundated with the
workload to take a step back to rethink funda-
mentally how quality and safety initiatives can be
reorganized in a meaningful and systematic way
to drive the delivery of care towards better prac-
tices and outcomes. Quality and safety measures,
which are often difficult to measure, let alone
deemed as meaningful in the first place, are then
sometimes seen as an afterthought. Even experts
often struggle to define standards and then agree
upon them. Furthermore, measures put in place
to monitor quality and safety are frequently
imposed from afar, often by payers (i.e., large
bureaucracies such as the Center for Medicare
and Medicare Service or the National Health
Service) and therefore deemed onerous and
unnecessarily imposing by front-line providers.
This can result in frustration and ambivalence
towards the quality and safety agenda. The
approach of many radiologists to many of the
quality and safety measures is to simply “check
the box” so they can either meet their mandatory
compliance standards or, in increasing circum-
stances, actually get paid. There is a common
belief that many of the quality and safety stan-
dards are either only tangentially relevant or
sometimes not meaningful at all. Added to this
frustration, the practice of medicine and radiol-
ogy keeps changing and even experts find it dif-
ficult to keep up with new technologies,
treatments, and new care pathways such that cre-
ating meaningful, up-to-date, and relevant met-
rics inevitably lags the innovation. Finally,
although pay-for-performance measures are now
tying part of payments to performance (some-
times quality and safety), much of what can be
achieved through quality and safety initiatives is
not reimbursed. Considering the numerous other
non-remunerated regulatory and compliance
measures required from radiologists, quality and
safety initiatives are often viewed as overly bur-
densome and are relegated to the domain of just
“doing the right thing” for the patient rather than
a compelling reason to do so.

Despite these challenges and the increasing
nonclinical workload that radiologists are facing,
itis imperative that all caregivers and departments

develop, implement, and monitor a robust quality
and safety program to remove unnecessary varia-
tion, deliver best practices at the point of care,
and ultimately deliver better outcomes for their
patients. Achieving this requires a cultural shift
within the organization, sometimes referred to as
the “culture of safety.” This starts with leadership
whose role is to impart a compelling reason to
their staff as to why quality and safety is integral
to every aspect of the workflow, why measure-
ment is important, and why change is mandatory
when standards do not meet best practices. In
other words, the work needed is not optional and
the programs and people put in place need to be
held accountable to the mission and goal at hand.
As with all leadership, effective translation of the
vision will require choosing the right teams to
develop meaningful strategies, tactics, and tools
to deliver better quality and that these teams need
to work with the wider department to ensure con-
sistent delivery of the solutions. Constant moni-
toring, feedback, and sharing of the data will be
necessary to iterate and improve as well as bench-
marking departmental and individual perfor-
mance. This cultural pivot often takes years to
implement and requires constant vigilance to
ensure that teams and individuals do not lose
sight of the primary goal of the processes—the
delivery of better outcomes for patients.
Otherwise commitment can quickly unravel and
quality and safety will again be viewed as a bur-
densome and relatively unnecessary part of their
workload. Performance monitoring and measure-
ment is critical to driving cultural change and
offers managers the opportunity to transform
their departments towards better practices.
Fortunately, while still challenging, measurement
is becoming more seamless through electronic
health records and data capture and display,
which is more presentable and understandable
and importantly, up to date. Departments are
developing scorecards and dashboards to help
providers understand their performance either
instantly as in the use of dashboards (i.e., how
many patients have been cleared for MRI safety
checks on a given day) or over several weeks or
months as in scorecards that look at trends in
performance over a period of time. Both are
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meaningful tools with which to benchmark qual-
ity and safety practices from which teams can
then determine if further improvement and
change is needed.

It cannot be understated how important a pivot
to a “culture of safety” must be sustained, because
it changes the mindset of a department to gear all
aspects of the operations with quality and safety
in mind. Rather than quality and safety being
seen as some arbitrary and unnecessary imposi-
tion, it fully embraces the Hippocratic oath of
“first do no harm,” a foundational medical doc-
trine that goes as far back as, well... Hippocrates.
While this oath is rarely formally taken by physi-
cians nowadays, it surely is in the hearts and
minds of all providers as they strive to do the best
they can for patients. Yet, doing one’s best is
often not sufficient, it is better to know what to do
and then do one’s best (attributed to Edwards
Demings). In other words, while caregivers hon-
estly strive to do their best for patients, in reality
it may fall well short of current best practices
either because of lack of knowledge or systems
that are not in place to aid providers to deliver
care of the highest quality and safety. Leaders
have the challenging task of placing quality and
safety at the core of their operations which can
then drive all departmental practices accord-
ingly and in a manner that all staff can embrace
and support. Only when every member of the
overall team believes that working together in a
data-driven, supportive, non-punitive, and trans-
parent framework will departments approach
the culture of safety.

Once leadership provides the vision for the
quality and safety agenda, it is advantageous to
frame the approach by considering the operations
in totality rather than piecemeal, where individ-
ual activities are not viewed as connected or inte-
grated into a larger framework. For instance, a
quality and safety agenda may do sterling work
on reducing radiation dose for specific CT proce-
dures and the department may be led to believe
that they are excelling in this particular arena.
While reduction of CT dose is unquestionably
appropriate and necessary, the quality efforts
to achieve this can quickly be undermined or
even rendered useless depending on patient

circumstances. For instance, no matter how much
work has been invested into reducing dose and no
matter how low a CT dose has been achieved, it is
meaningless to those patients who underwent a
CT, which was not indicated in the first place. In
other words, the efforts to reduce CT dose have
not been tied to the necessary efforts to reduce
imaging inappropriateness. Similarly, efforts by
radiologists to become more subspecialized
towards precision reporting will be undermined if
the report they are generating for an examination
was for a test that was inappropriate or non-
indicated. In that sense, all unnecessary activities
can be viewed as waste and ultimately error, the
antithesis of quality and safety. Similarly, varia-
tion in performance can also be considered as
waste and error as best practice standards are not
being consistently met at the point of care.
Increasingly waste and variation are being viewed
as a cost to the overall system, a major driver for
inefficiency in health care (not just one of mor-
bidity and mortality). The Institute of Medicine
in the United States believes that medical ineffi-
ciencies (waste) contribute up to 33% of medical
costs (over $1 trillion in annual waste) so quality
and safety measures are now considered a critical
component of reducing waste and costs in the
system. Furthermore, cost can be understood as
not just financial. Redundant and inappropriate
care can lead to unnecessary anxiety for patients
and inappropriate use of their time and other
resources.

So quality and safety measures are now a cen-
tral and major focus of policy makers, payers,
hospital leaders, patient advocates, and in turn
care providers as they strive not just to reduce
morbidity and mortality for patients but a whole
host of other cost issues. Radiology services must
in turn address these forces and acknowledge that
the efforts ought to be comprehensive and over-
arching—and address every aspect of the radiol-
ogy operations. To achieve this, leaders and
managers must recognize that all radiology activ-
ities and operations are ultimately interlinked.
Business leaders have recognized this for decades
and some have used a value chain as a metaphor
to help understand and frame their operations to
improve performance, quality, and even safety.



They teach that each component of an operation
or workflow contributes to the overall perfor-
mance of that operation, whether it be a service
or a product. This metaphor is just as apt for radi-
ology and it could be helpful to view the radiol-
ogy operations as an imaging value chain and the
delivery of best practices is only as strong as the
weakest link in that chain. Therefore improving
quality and safety in one domain (or link) does
not necessarily translate into overall effective-
ness if other up or downstream efforts have not
been similarly addressed.

G.W.L.Boland

biomarker data residing in electronic health
record databases). The reports are then communi-
cated to the referring physician, ideally action-
able (meaning they are succinct, structured,
precise, unambiguous, directional)—in other
words a report that the referrer can then use to
determine the next best course of action without
unnecessary additional tests or actions which
might only lead to additional waste and cost in
the system.

Using the imaging value chain metaphor, it
helps departments to view the operations as a

. - Imaging )
Referring Physician q Appropriateness ‘ Protocol Design
Actionable Report The Imaging Modality Operations

Value Chain
Report . [ .
Communication = Reporting = Image Transmission
EHR Biomarker
Analytics

The imaging value chain can be simplistically
imagined as the workflow from when a referrer
orders an imaging test to when he or she receives
a report, hopefully one that is actionable (see
graphic). Hopefully the referring physician is
familiar with the right test to order for the patient
(image appropriateness) but not infrequently they
do not know precisely the best test to order at that
time for that patient with their current presenting
complaint. This can be termed imaging inappro-
priateness, with some believing this could
account for up to 30% of all imaging requests.
Once the test is ordered it then needs to be sched-
uled and protocoled. Then the patient arrives at
the imaging suite and the procedure is performed
(could be either diagnostic or interventional).
The images are acquired and transmitted (and
stored) at which point the radiologist interprets
the images (with increasing access to collateral

whole and approach quality and safety initiatives
as a systems approach so benefits in one part of
the system can effectively be translated through
to other parts. As discussed, too often managers
do not envisage their operations holistically when
devising quality and safety measures, rather
efforts are fragmented and uncoordinated. For
imaging appropriateness, tests should only be
ordered when they are deemed absolutely neces-
sary. Given the complexity and pace of modern
medicine, this can only realistically be achieved
through computerized decision support systems
that guide referrers to order the right test for any
given clinical scenario. This then sets the stage
for the delivery of an actionable report down-
stream (as an inappropriate test is, by definition,
non-actionable). Once the test is chosen, it
behooves the operations to perform the test as
quickly as possible (otherwise why would the test
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be necessary). This means scheduling the test
expeditiously, ideally through sophisticated
electronic order entry systems that allow referrers
and patients to choose an imaging location of
their choice and convenient time. This may not
seem a quality measure but from a customer’s
point of view (referrer or patient) it very much is
a quality metric on overall performance of the
operation. Once the time and place of the exami-
nation has been chosen (assuming the right test
has been chosen in the first place) then the cor-
rect, precise protocol should be selected for the
indication at hand. For instance, imaging unnec-
essary body parts only adds to additional radia-
tion (CT) or scan time (MRI). Use of IV contrast
may be appropriate for malignant disease but
inappropriate for other clinical indications.
Increasingly precision protocoling needs to be
tailored to the individual patient, their condition,
and the question being asked by the referring
physician. Protocol appropriateness is a particu-
lar problem for many departments as most depart-
ments use their own idiosyncratic protocols and
there is pervasive variation across institutions and
even within departments (some radiologists pre-
fer different protocols for the same clinical indi-
cation compared to their colleagues). It is well
known, for instance, that radiation dose for the
same indication can vary by as much as tenfold
depending on the institution, frequently three- to
fourfold. Almost no two academic medical cen-
ters have similar protocols for the same indica-
tions, some with 20, 30, or 45 min MRI protocols
for the same indication, for instance.

Similarly modality operations vary consider-
ably from one institution to another. What is seen
as an efficient use of assets in one organization is
seen as inefficient in another. For instance, one
organization may view their 8 a.m.—5 p.m. opera-
tion as very busy and productive yet another will
operate their scanner from 6 a.m. to 11 p.m.
Others will operate their scanners with multiple
resources to help expedite patients in and out of
the scanner while other organizations will use a
single technologist to maneuver the patient on
and off the CT table, operate the scanner, send
the images to PACS, and go to the waiting room
to collect the next patient (a markedly inefficient

manner with which to operate an expensive
asset). These differences reflect the quality of
services as an inefficient operation leads to
reduced patient access to scanning (prolonging
time to diagnosis) and delays once at the imaging
suite (an inconvenience to patients). Once images
are generated, radiologists will need the compre-
hensive set of prior images necessary to deter-
mine any new or chronic findings. This has
become particularly challenging as organizations
consolidate (an increasing trend in the USA)
whereby images reside on different and disparate
PACS systems which are often poorly connected,
if at all. This undermines precision reporting and
ability to avoid unnecessary additional imaging
tests downstream.

Reporting variation is also widespread both
between and within institutions. Even within aca-
demic medical centers there is considerable vari-
ation of imaging interpretation and analysis of
the findings. The reasons are numerous, but
imaging has become too complex and sophisti-
cated for any single radiologist (even subspe-
cialty radiologists) to be familiar with the
appearances of each disease from each modality
with a given protocol. Furthermore, the style and
language used by radiologists varies markedly. It
is not uncommon for radiologists to offer a range
of differential diagnoses without any particular
weighting to the chance of one diagnosis being
more likely than another. Even the terms to infer
degree of risk for a disorder vary from one radi-
ologist to another—one radiologist may believe
“consistent with” confers 100% likelihood of dis-
ease, another less so (other terms such as likely,
suspicious for, concerning for, also have different
connotations from one radiologist to another).
There is also widespread evidence that the rec-
ommendations made by radiologists for addi-
tional tests (especially further imaging) vary
considerably in both frequency and type. One
radiologist’s certainty for a particular imaging
finding may be sufficient for them to recommend
no further tests; another may believe a confirma-
tory and clarification test is required. For instance,
some radiologists who diagnose a hepatic hem-
angioma by ultrasound may stop there; others
might recommend a confirmatory additional test
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such as a three-phase contrast enhanced CT,
while others may recommend an MRI. Yet others
will recommend further tests immediately; others
at a later date. Some might leave the recommen-
dation vague with terms such as “consider” fol-
low-up MRI (or CT) for example or, even worse,
use the term “clinical correlation” required. In
short, this variation reduces the radiologist’s abil-
ity to deliver an actionable report and further
undermines the rest of any quality improvements
implemented in workflow upstream (as indicated
by the imaging value chain). Needless to say,
referrers and increasingly patients (who often
have ready access to their reports) are frustrated
by ambiguous and vague narratives and the
sometimes frivolous use of further imaging rec-
ommendations. These unwarranted variations in
practices serve to undermine all other quality and
safety efforts.

Once a report has been generated, the referring
physician (and patient) expects to receive that
report (hopefully actionable) as soon as possible,
ideally electronically (so as to be available to as
many caregivers as needed). Yet communication
standards vary widely too, with some radiologists
calling referrers immediately on some reports but
not on others, some for routine findings, and some
only for critical findings. One might imagine that
critical finding alerts (those reports which must be
delivered to appropriate caregivers immediately to
prevent serious patient harm) should be consistent
between institutions (given they are potentially
lifesaving in the immediate short term). Yet most
departments have critical finding report communi-
cation protocols that differ (albeit slightly) from
one department to another. Certainly national rec-
ommendations exist. Nonetheless, widespread and
uniform implementation of the national guidelines
has not been achieved.

In summary quality and safety should not just
be framed, as it frequently is, around events that
lead to obvious immediate harm (i.e., contrast
reactions or interventional complications)—
rather they should be framed around the myriad

of unique activities that constitute the overall
radiology workflow. Many of these activities
may, in themselves, seem trivial as to their contri-
bution to risk and adversity (such as the recom-
mendation for an unwarranted test, or minor
variations in MRI protocol design) but in aggre-
gate these variations can lead to considerable
costs and even harm. Until radiologists recognize
that it is the responsibility of the overall team to
evaluate every operational activity to determine if
it meets best practice standards, quality and
safety efforts will be undermined and sometimes
ineffective. It is the role of leadership to frame
the issues to their departments, then build the
teams to create, deliver, and manage solutions
using data-driven management techniques and
the necessary tools and resources to perpetually
drive towards better practices and outcomes.
The chapters in this book help address the
quality and safety agenda in a systematic and
logical order around the concept of the imaging
value chain. Subsequent chapters begin with
imaging appropriateness (and the use of clini-
cal decision support tools to establish adher-
ence to national guidelines). Chapter III will
address protocol optimization with the informed
use of medical radiation in diagnostic imaging
and further discuss guidelines and standards for
managing radiation dose. Chapters will then
address modality operations and use of clinical
guidelines, image interpretation, structured
reporting, and decision support tools for radi-
ologist reporting. Report communication stan-
dards will be addressed. Measurement tools
and appropriate use of data that have practical
and meaningful implications for management
of departmental quality and safety will be
addressed. Furthermore peer learning and peer
review strategies will be outlined that encour-
age the development of the “culture of safety.”
Finally the emerging field of big data and data
analytics to manage the quality and safety
agenda will highlight the increasing use of IT
systems to drive performance in radiology.
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Abstract

The reason to develop and use Clinical Imaging
Guidelines (CIG) is, simply, to improve patient
care. CIG development and use are based on the
principle that imaging use is not always optimal;
reasons for this include lack of expertise (with
either the clinical concern or the available imag-
ing modality), nonmedical reasons for requesting
the study (medicolegal concerns, possible finan-
cial gain), lack of available resources, and expe-
diency. The use of CIG potentially helps in all of
these areas, by providing guidance based on
high-quality literature and supplemented by
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expert opinion. CIG answer the question: which,
if any, imaging study would be most helpful in
this specific clinical situation? The answer is
based on assessment of the risk—benefit ratio for
the patient. Benefits of imaging are often obvi-
ous. Risks, however, also exist, and include the
effects of radiation (admittedly difficult to quan-
tify), complications due to contrast agents or the
technology (e.g., MRI-related accidents) or other
medications, and the possible consequences of
unexpected incidental findings that may require
evaluation and intervention. The cost to society
as well as top individuals must be considered.

There are clear steps in the development of
any clinical guidelines. First, there must be a
sound, reproducible, transparent methodology.
Then, specific clinical conditions must be
defined, including consideration of their inci-
dence, impact (e.g., success of diagnosis, treat-
ment, and outcomes), and cost to the system.
There must be sufficient high-quality literature
available to justify review and guideline creation.
The literature must be comprehensively and sys-
tematically reviewed and summarized. The sum-
mary and the topic as a whole must be reviewed
by a group that includes all relevant stakeholders.
Recommendations must be based to as a great an
extent as possible on the literature, supplemented
by expert opinion. The guideline must be regu-
larly updated. Any potential conflicts of interest
must be clearly presented. Overall, the methodol-
ogy must follow accepted norms and be repro-
ducible and transparent.
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There are many challenges in developing and
using CIG. In addition to accurate representation
and synthesis of what is known, these include
adaptation to specific groups of patients and med-
ical systems—what is appropriate for a pediatric
age group, for example, may not be appropriate
for adults. What works in a fee-for-service devel-
oped nation with all imaging modalities available
may not work in a rural society with limited
equipment and expertise. Finally, the primary
goal of CIG is to improve patient care, so they
have some clear value for educational purposes,
of trainees, non-imagers, patients, families, and
regulators. Their greatest use lies in incorporation
into the process of requesting imaging studies, to
guide appropriate use. This includes prevention
of overuse and also elimination of under-use. As
such CIG are now widely used in the physician
order entry component of electronic health
records

The development of clinical imaging guidelines
is, by consensus, based on several principles:
there is sufficient data from high-quality litera-
ture on which to base guidelines, the clinical
issues addressed are important, and quality of
care can be improved by the development and use
of guidelines (Eccles et al. 2012; Committee on
Standards for Developing Trustworthy Clinical
Practice  Guidelines 2011; World Health
Organization (WHO) 2012; Bettmann et al.
2015a). There are also several terms used for
Clinical Imaging Guidelines (CIG): referral
guidelines, appropriate use criteria, appropriate-
ness criteria, and justification guidelines.
Although there may be subtle differences, all
refer to guidance documents that are developed
using a widely accepted and well-defined meth-
odology to provide advice on which specific
imaging study, if any, is likely to be most useful
in a specific clinical setting. Inherent in guide-
lines is the focus on balancing the possible benefit
against the possible risk. The benefits of imaging
range from improved care to reassurance, for the
healthcare provider and the patient. There are
also both real and potential risks, although in gen-

eral they are more limited for an imaging study
than for a medication or a surgical intervention.
The real risks include those related to injury from
a medication that may be necessary for the imag-
ing study (e.g., a contrast agent or a sedative) and
discovery of unexpected findings that may lead to
further investigation or even to intervention but
no real benefit to the patient. Findings such as an
incidental thyroid nodule (Hoang and Nguyen
2017) or ovarian cyst or a benign liver lesion fall
into this category. While significant incidental
findings occur, nonsignificant but concerning
ones are more frequent (Hoang and Nguyen
2017). Radiation is another risk (Tran et al. 2017,
Mathews et al. 2013; Hendee and O’Connor
2012). Although the precise risk of a single imag-
ing exam is essentially impossible to quantitate,
and the risk of diagnostic level radiation contin-
ues to be debated, it is clear that there are at the
very least potential negative consequences of
radiation; the concerns are greater in younger
patients, due to the latency of these potential
adverse effects. Finally, the cost of the imaging
exam is an important variable. Depending on the
nature of the healthcare system, this may not be a
concern to the individual undergoing the imaging
exam, but it is always a concern to the system as
a whole. If the likelihood is very low or negligi-
ble that a specific imaging exam in a specific
clinical setting is going to provide useful infor-
mation—for example a routine chest radiograph
in an otherwise healthy young adult non-
smoker—then even a modest cost is hard to jus-
tify. Both cost and radiation, then, are always part
of the risk-benefit equation. The aim of CIG is to
provide the best possible advice in specific clini-
cal settings, realising that with the clear limita-
tions in knowledge, the many specific clinical
variables (age, gender, medical history, environ-
mental and familial risk factors), and available
expertise and equipment, a definitive recommen-
dation may not always be possible.

There are many reasons other than medical
necessity to consider imaging (Schuur et al. 2014;
New Report Reveals 19.7 Million Misdirected
Physician Referrals in the U.S 2014). These
include patient preference; a patient may want a
CT scan for back pain, simply for personal reas-
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surance. Also, many healthcare providers feel that
they can both reassure themselves and their
patients and perhaps lessen the risk of a malprac-
tice accusation if an imaging exam is ordered
even if there is no real concern for negligence.
There may also be financial incentives to getting
an imaging study, if the ordering provider has a
fiduciary interest in the imaging equipment. It
may simply be expeditious: it can be faster to get
an imaging study than to carefully evaluate a
patient in a busy emergency room, or explain at
length to an anxious patient that an imaging study
is unlikely to be clinically useful. The use of CIG
is an effective means to deal with many of these
non-medical reasons for obtaining imaging.
Again, the entry point for CIG is the question:
Which, if any, imaging exam is most likely to be
helpful in the diagnosis and care of this patient in
this clinical setting. Thus the overarching aims of
CIGs are to educate healthcare personnel, patients,
and patient families, and to improve the quality of
care. To this end, readily available and accessible
CIGs can be used as educational tools for medical
students and other trainees, as a resource for
patients, or as clinical decision support for health-
care providers. This latter is perhaps the most dif-
ficult but also the most important function of
guidelines, as it speaks most directly to improving
healthcare.

Clinical guidelines have been available for at
least three decades, in various formats (Brook et al.
1986; Fitch et al. 2001). They are a natural tool in
the focus on evidence-based medicine, and they
have been developed by many different organisa-
tions. Several specialty societies, such as the
American College of Pediatrics (American
Academy of Pediatrics Subcommittee on Urinary
Tract Infection, Steering Committee on Quality
Improvement and Management 2011) and the
American College of Otolaryngology-Head and
Neck Surgery (Schwartz et al. 2009), have long
produced guidelines on specific diseases, such as
recurrent urinary tract infections in children and
hoarseness. These guidelines generally take several
years to develop, are very cost- and time-intensive,
and cover the entire spectrum of a disease or dis-
ease process, from initial consideration through
diagnosis, treatment and clinical outcome. Imaging
guidelines, in contrast, have focused on the use of

imaging in specific clinical situations-for example,
imaging in patients with recurrent UTIs or acute
onset of hoarseness (dysphonia). Conceptually
imaging guidelines may be considered horizontal
(covering imaging in many diseases and clinical
scenarios), as compared to the broader, more verti-
cal disease-based guidelines.

To create any medical guidelines, whether they
focus on imaging specifically or on a broader ill-
ness or process, there must be a very well-defined
approach that is thorough, transparent and
includes a number of specific components and
steps. The specific approach currently in wide use
has evolved from the work of the Rand Corporation
in the late 1980s (Brook et al. 1986). Numerous
specialty societies have adopted and used the gen-
eral approach, with variations. Subsequently,
organisations including the Institute of Medicine
inthe US (Committee on Standards for Developing
Trustworthy Clinical Practice Guidelines 2011),
NICE in the UK (National Institute for Health and
Care Excellence 2017) and the American College
of Radiology (Methodology Documents 2017)
and have defined the necessary approach, meth-
odology and components. Although there are
some differences, much of the approach is agreed
by all the organisations that have addressed this
topic. Furthermore, these steps are a reflection of
the Appraisal of Guidelines for Research &
Evaluation (AGREE) Instrument which is a tool
to assess the methodological rigor and transpar-
ency of clinical practice guideline development
(Table 1) (http://www.agreetrust.org/agree-ii/).

These are the accepted basic principles and
steps that all guidelines must adhere to be gener-
ally accepted as valid:

1. The topic to be addressed by the guideline
must have substantial clinical relevance and
impact.

2. There must be clear definition of both the
need for and the focus of the guideline. A
guideline may be based on a specific disease
or clinical problem, such as middle ear
infections in children or head trauma. The
motivation for the development of guidelines
may be that a process is either clinically very
important or very prevalent, that the approach
is problematic, or that diagnosis or treatment
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Table 1 Summary of the AGREE II domains and items
that should be specifically described (http://www.agreet-
rust.org/resource-centre/agree-reporting-checklist/)

Domain

Items

1.

Scope and
purpose

Overall objective

Health question

Applicable population (patients /
public)

2.

Stakeholder
involvement

Group membership

How views and preferences of
target population were sought/
considered

Target users

3.

Rigor of
development

Details of the strategy used to
search for evidence

Criteria used to select evidence
Strengths and limitations of the
evidence

Methods used to formulate the
recommendations

Health benefits, side effects, and
risks that were considered

Link between the
recommendations and the
evidence

Methodology for external review
Updating procedure

4.

Clarity of
presentation

Specific and unambiguous
recommendations
Management options

Key recommendations

5.

Facilitators and barriers to
application

Advice and tools for
implementation

Resource implications
Monitoring/auditing criteria

Applicability

6.

Editorial
independence

Funding body’s influence
Group members’ competing
interests

is very resource intensive (either because of
high cost per incident, or high incidence).

. There must be sufficient high-quality literature

to allow the development of the guideline,
although supplementary incorporation of expert
opinion is always necessary as the literature is
essentially never entirely conclusive. One
important illustration of the need to supplement
high-quality studies with expert opinion is the
diagnosis and treatment of UTTIs, since there are
so many relevant variables, such as the age and
gender of the patient, the prior treatments and
associated risk factors. Another example is the
imaging of newly-diagnosed prostate cancer.

Despite many studies and much experience, the
optimal approach remains open to debate (NGC
Prostate Guidelines 2016).

. The literature must be systematically reviewed

using sound, transparent and high-quality
methodology. The method for reviewing,
evaluating and synthesising the literature must
be clear, well-defined and reproducible. There
are many ways of rating publications, but all
approaches must have a clear method for indi-
cating the strengths and weaknesses of the
individual article reviewed and cited as well
as the strength of the cited literature as a body
in supporting or refuting conclusions. This
can be difficult, as the subject matter to be
reviewed and synthesised is usually complex
and technical, a further reason why expert
opinion is a necessary part of the process.

. All relevant stakeholders must have a role in

the process. It is clear that expertise in a topic
or modality is important. If, for example, an
aspect of arthritis is the focus, rheumatolo-
gists, orthopedists, physiatrists and imagers
must be involved. This specific topic is also
important to general internists, likely to pae-
diatricians, and certainly to patients. If the
focus is imaging, individuals with expertise in
the relevant modalities (e.g., MRI, CT, PET)
must be part of the guideline-developing team.
It is generally agreed that patients must be
represented, but this is not straightforward as
there is no universal prototypical patient or
patient point-of-view.

. All potential conflicts of interest must be

clearly and transparently expressed. This
includes potential financial conflicts, such as
when an expert is a consultant or speaker for a
device or pharmaceutical company, or may be
more subtle. For example, a surgeon who spe-
cialises in joint replacement will have some
bias in treating severe arthritis. This is accept-
able, but must be clearly evident when the
guideline is made available.

. There must be a reproducible, transparent and

well-defined definition of the entire process of
progressing from literature review to guideline
release. This includes a description of the role
and membership of each of the groups involved
in the process. Some guidelines are developed
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using one group to review the literature and
develop a narrative. A second group may then
assume the responsibility for defining and voting
on the recommendations, and a third for review-
ing and approving them. Alternatively, all of
these tasks may be assigned to a single group,
with final review by a separate oversight group.

The process for the members of the group
to review and rate the suggested conclusions,
as well as the method for reaching consen-
sus, must be well-defined, transparent and
reproducible.

Most often, a single author or small group
produces a draft narrative, including a set of rec-
ommendations. A panel that includes subject
experts as well as other stakeholders then rates
the recommendations. These ratings are gener-
ated for various specific clinical questions, such
as for different laboratory investigations or
other diagnostic approaches or for specific ther-
apies. With CIG, the ratings are for the appro-
priateness of all relevant specific imaging
studies in a particular clinical situation.

The most widely used rating scale is from 1
to 9, with 1-3 defined as “not usually appropri-
ate,” 4—6 defined as “may or may not be appro-
priate” and 7-9 defined as “usually
appropriate.” After initial rating, an attempt is
made to reach consensus on the recommenda-
tions. This requires a clear definition not only
of the rating system but also of what qualifies
as consensus. That is, is consensus defined as
the rating of all panellists falling within one of

Variant 1:

the three categories, or within two points in the
rating? Further it is necessary to specify what
per cent of the group must be in agreement to
conclude that there is consensus: agreement of
60% or 75% or 90% of the group as a whole or
of those members who vote, who are present
on a call or are present at a meeting? The spe-
cifics of the rating and of what constitutes con-
sensus vary among the different groups
creating guidelines. There is no one correct
approach, but consistency, reproducibility and
transparency are all imperative (Fig. 1).

The most widely accepted methodology
utilizes the modified Delphi approach (Fitch
et al. 2001; Methodology Documents. First,
individuals review the narrative and the sug-
gested indications and independently rate
them. If the ratings all fall within a designated
range, this is considered acceptable agree-
ment. Any that do not achieve consensus in a
first rating round are then discussed by the rat-
ing group. Then a second round and, for some
societies, a third round is held using the same
rules. It is rare that it is not possible to reach
consensus with discussions and two or three
voting rounds, but if this does occur, the imag-
ing study is rated as “no consensus.” This is
unusual in practice, but it may occur either
because the group is unable to reach consen-
sus on a rating (as defined), or because the rat-
ing panel has determined that there is
insufficient high-quality information to sup-
port a recommendation.

Chronic ankle pain. Initial imaging.

Procedure

Appropriateness Category

Relative Radiation Level

X-ray ankle

Tc-99m bone scan ankle

US ankle

CT ankle without IV contrast

CT ankle with IV contrast

CT ankle without and with IV contrast

MRI ankle without IV contrast

MRI ankle without and with IV contrast

Usually Appropriate ()

DD

o|lo|® | |®|0

Fig.1 Overview of a variant from the American College of Radiology Appropriateness Criteria on Chronic Foot Pain
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8. After rating, the topic is reviewed by an over-
sight committee, shared with other stakehold-
ers and then widely distributed. Ideally, each
new guideline is submitted to an oversight
organisation, such as the AHRQ National
Guidelines Clearinghouse (The AHRQs
National Guideline Clearinghouse 2017), an
NIH-funded organisation, for review, approval
and inclusion.

9. There must be a plan and method for regular
review and updating of each guideline. While
this may add significant cost and effort, it is an
imperative component of the whole process.
Medicine changes rapidly so that regular
updating is the only way to ensure that guide-
lines remain valid and relevant. Further the
US Protecting Access to Medicare Act
(PAMA) will require that for all Medicare-
covered services, approved guidelines must be
consulted for all advanced imaging exams
(i.e., CT, MRI, PET), at least in certain critical
medical areas (Protecting Access to Medicare
Act of 2014.

The specific discrete steps in the development
of a clinical imaging guideline are:

1. Selection and definition of the topic to be
covered

2. Literature review, selection and rating

. Synthesis of a narrative on the topic

4. Review and rating of specific
modalities

5. Re-review and discussion to achieve consen-
sus (modified Delphi method)

6. Oversight review and approval

. Wide distribution and adoption

8. Regular revision (every 1-3 years, or as
needed based on evolving knowledge and
experience).

As noted, to be valid and justify widespread
acceptance and adoption, all guidelines including
CIG must be based primarily on high quality,
peer-reviewed research that is publically avail-
able. This refers primarily to work published in
peer-reviewed journals but may encompass
research presented at meetings, after peer review
that can be effectively reviewed and validated.
The databases used and any limitations on lan-
guage or type of publication must be stated. For

IV}

imaging

~

example, for the ACR Appropriateness Criteria,
only articles with at least an English-language
abstract are considered, and case reports or opin-
ion articles are excluded. The literature that is
reviewed must be rated as to type of report (e.g.,
prospective randomised clinical trial, review arti-
cle, case control trial, retrospective review) and
the strength and validity of the conclusions. The
aim of this initial review of the literature is to
define not only the type of study or report, but
also the strengths and weaknesses of the study
design and performance, and the extent to which
the data support the conclusions.

In addition to selecting and then rating indi-
vidual publications, it is necessary to rate
the strength of the evidence overall. Usually, a
systematic evaluation is made of the strength of
the conclusion. That is, regardless of the rating
generated by the panellists, how strongly are the
final ratings, recommendations and conclusions
supported by high quality studies? This is more
relevant, and more accurate, for broader topics
that have been investigated with multiple large-
scale, prospective, double-blind clinical trials,
such as acute myocardial infarction, or treatment
for stage 1 Hodgkin’s lymphoma. It is less mean-
ingful for rating imaging studies, since true pro-
spective clinical trials, sufficiently sized to
achieve both clinical and statistical significance,
are relatively unusual in the imaging literature.

There are several additional challenges in creat-
ing CIG, and more in using them. An overarching
consideration is the harm to benefit ratio of a spe-
cific imaging study, which is hard to calculate. Key
variables include the clinical setting, cost and radi-
ation risk, but additional obvious concerns are
availability of imaging modalities and expertise in
their use and interpretation. If only a portable MRI
unit is available, and that only on specific days,
then another study may be appropriate, even
though not rated as highly as an MRI. If there is no
expertise with Ultrasound, even though ultrasound
may have a higher rating, it may or may not be
appropriate to use another imaging modality.

The clinical setting may dictate different
approaches due to demographics as well as vary-
ing prevalence rates of diseases in different regions
and populations. Often, this must be addressed by
the healthcare provider requesting the study, the
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family and the imager. For example, to obtain a
chest radiograph for a cough may be rated low in
an economically advantaged region in a developed
nation, but may be rated higher (i.e., more appro-
priate) in a region with endemic TB. Dealing with
this variability, however, is inherent in high-qual-
ity CIGs. If cough, for example is the indication,
good CIGs will address various presentations
(e.g., acute vs. chronic, febrile, underlying major
risk factors) and all major possible underlying
pathologies, ranging from specific infectious
agents to other etiologies, regardless of location.
As the world effectively shrinks, disease preva-
lence is less a concern than availability of equip-
ment and expertise, and these, again, are inherently
considered in high-quality guidelines.

The cost of imaging is always a consideration,
as it is for any medical intervention, but it is very
hard to define. What constitutes cost varies with
the point of view used. For example, if the soci-
etal viewpoint is adopted, costs that must be
quantified include not what the reimbursement
was, but rather the cost of the imaging equip-
ment, the personnel to operate it and to interpret
studies, the physical costs of the facilities and the
support staff to maintain them, and the costs of
individual patients to take time off from work and
to travel to the imaging site. If the governmental
point-of-view is used, the payment for the service
is what is relevant. This does not necessarily
reflect the cost to actually perform the imaging
but rather what society is willing or able to pay. It
usually includes the calculated institutional costs,
with some overhead, but not additional societal
expenses. Further, it is clear that in the US, the
price quoted by an institution or imaging center
for an imaging study is rarely actually paid, either
by Medicare or private insurers, and does not
necessarily have a direct relationship to the cost
of performing the study. Ultimately, it is impor-
tant to recognize that cost of imaging should
always be considered as should the induced costs
of treatment and the long-term costs saved by
appropriate intervention. In general the costs of
testing are small relative to the costs of missing
an important diagnosis that may have detrimental
consequences, especially when considered from
the societal perspective.

Radiation exposure is similarly complex. It is
generally (albeit not universally) accepted that
ionising radiation at diagnostic levels may have
deleterious effects, and that these are directly
related to the dose to the patient, both a single
exam and cumulative lifetime dose, and are
inversely related to age -that is, the risk is
assumed to be greater in children. Radiation
exposure, then, must be considered in creating
guidelines (Tran et al. 2017; Mathews et al. 2013;
Hendee and O’Connor 2012; Radiation dose cal-
culation in the ACR Appropriateness Criteria
2017). Beyond this, however, it is hard to reach
consensus. If a study that does not use ionising
radiation, such as MRI or Ultrasound, is likely to
give information that is as valuable, then CT,
radiographs and radionuclide studies should be
avoided, especially in children. It is rare, how-
ever, that this situation occurs. It is more frequent
that the information from different modalities
gives different levels of information. The trade-
off between the putative benefit of the imaging
study and the risk to the patient must always be
considered. Often this is not an easy task, because
of variables (such as dose and radiation risk) that
cannot be calculated with confidence (Fig. 2).

Another major consideration in the develop-
ment of CIG is their actual use. CIG have been
available for over 20 years, and there has been
much discussion concerning when and how they
are used. Until the last few years, despite encour-
agement including a mandate from the European
Community in 2012 that CIG be available in all
member countries (Bettmann et al. 2015b), at this
time they have been used intermittently and most
often for general educational purposes rather
than to guide clinical decision making. This has
begun to change due to IT advances, regulatory
oversight and the wide recognition that imaging
is often inappropriately used-it is both overused
and underused, often in the same region or even
clinic. Now, due to awareness of the cost, radia-
tion, and inappropriate use considerations, as
well as to the evolving regulatory mandate in the
US, use of CIG is increasing dramatically. It
remains unclear to what extent their use will alter
clinical practice. One large study, the CMS
Demonstration Project (Timbie et al. 2015) sug-
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Sample Topic

Clinical Condition: Orbits, Vision and Visual Loss

Variant 1: Traumatic visual defect. Suspect orbital injury. Initial imaging.

Variant 2: Nontraumatic orbital asymmetry, exophthalmos, or enophthalmos.
Initial imaging.

Variant 3:  Suspected orbital cellulitis, uveitis, or scleritis. Initial imaging.
Variant 4: Suspected optic neuritis. Initial imaging.

Variant 5: Visual loss. Etiology identified on ophthalmologic examination or
laboratory tests.

Variant 6: Visual loss. Intraocular mass, optic nerve, or pre-chiasm symptoms.
Initial imaging.

Variant 7: Nonischemic visual loss. Chiasm or post-chiasm symptoms. Initial
imaging.

Variant 8: Ophthalmoplegia or diplopia. Initial imaging.

Vgriant 1: Traumatic visual defect. Suspect orbital injury. Initial imaging.

Procedure Appropriateness Category RRL
CT orbits without IV contrast Usually Appropriate DO
CT head without IV contrast Usually Appropriate DO
MRI head without IV contrast May Be Appropriate (0]
MRI orbits without IV contrast May Be Appropriate (0]
CT orbits with IV contrast May Be Appropriate (Disagreement) 66 6
CTA head and neck with IV contrast May Be Appropriate (SIS
MRI head without and with IV contrast May Be Appropriate 0]
MRI orbits without and with IV contrast May Be Appropriate (Disagreement) o)
(l\:/cIJl?]ﬁ:setad and neck without and with IV May Be Appropriate 0
MRA head and neck without IV contrast May Be Appropriate (6]
Arteriography cervicocerebral DD
CT head with IV contrast DR
CT head without and with IV contrast 666
CT orbits without and with IV contrast DY
X-ray orbit @

Fig. 2 Example of one Appropriateness Criteria, on  Note that some exams are rated as appropriate, some as
Orbits, Vision and Visual Loss, with the table for variant may or may not be appropriate, and some inappropriate
1, orbital trauma, suspect orbital injury, initial imaging.
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gested that the use of CIG had relatively little
effect on imaging utilisation. This study, how-
ever, required guidelines only for a limited num-
ber of clinical conditions, and the ability to avoid
using the guidelines, and to ignore their advice,
was built in to the study. It concluded that the sys-
tem used was unable to assign appropriateness
numbers to the majority of requested exams, and
this provides an opportunity for improvement in
and increased use of CIG in clinical decision sup-
port. This actually supports broader use of CIG
and integration into the EMR and CPOE systems.
An additional study, examining the use of two
slightly different decision support systems sup-
ports this conclusion (Schneider et al. 2015).
Other studies, in various venues have suggested
that use of CIG does lead to a substantial reduc-
tion in inappropriate exams (Prevedello et al.
2013; Weilburg et al. 2017).

CIG are difficult, time consuming and costly
to create and maintain. There is, however, a dem-
onstrated ability to create and then use them, and
there is emerging evidence to support the concept
that their active use, as part of an electronic
health care system, improves both the appropri-
ate use of imaging and medical care. Over time,
with improved electronic health records and IT
availability, and increasing awareness of the need
to consider and then balance risk and benefit for
imaging and all medical care, the use of guide-
lines as part of clinical decision support systems
is likely to increase.
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Abstract

Medical imaging has helped to transform health-
care and will continue to advance the understand-
ing and treatment of disease. Despite the
substantial benefits of medical imaging, there is
wide variation in the use of imaging (especially
high-cost imaging) and concern about it’s inap-
propriate use persists. Inappropriate use may
result in suboptimal quality of care and wasteand
may harm patients by exposure to unnecessary
ionizing radiation, the risks of over-diagnosis and
over-treatment, including unnecessary additional
tests and treatments provided in follow-up of
incidental or ambiguous imaging findings.

Clinical decision support tools for order entry
provide an opportunity to embed evidence/ clinical
best practices in the workflow of providers request-
ing imaging examinations to reduce inappropriate
use of imaging. In this chapter, we define clinical
decision support for order entry, review trends in
imaging use and describe general features of effec-
tive clinical decision support including experience
from large-scale implementations. We conclude
by reviewing some of the emerging challenges and
opportunities for imaging clinical decision support
and future directions.
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Key Points

Despite the substantial benefits that medical
imaging confers, there is wide variation in use
of imaging (especially high-cost imaging)
and concern about inappropriate use persists.
Although reports on impact of imaging Clinical
Decision Support (CDS) have been inconsis-
tent, clinical decision support (CDS)-enabled
interventions have been shown to improve
adherence to evidence, including clinical prac-
tice guidelines, and to reduce the rate of inap-
propriate imaging and increase its yield.
Imaging decision support is most effective
when based on clinically relevant and trust-
worthy evidence, embedded in provider work-
flow, efficient, and actionable, and avoids
redundant data entry.

Beginning on January 1, 2020, the United
States Protecting Access to Medicare Act
(PAMA) will require ordering providers to con-
sult appropriate use criteria (AUC) prior to
ordering certain outpatient advanced diagnostic
imaging tests (CT, MR, and nuclear medicine
exams) for Medicare fee-for-service beneficia-
ries, as a requirement of payment for such
services.

PAMA presents a substantial opportunity to
improve the quality and value of diagnostic
imaging while reducing waste and improving
patient experience.

Imaging CDS as an Information Technology
(IT) implementation alone is unlikely to opti-
mize care. CDS-enabled multifaceted quality
improvement interventions are more likely to
improve clinical decision making.

Future research is needed to evaluate the
impact of various CDS interventions and help
define best practices for design and imple-
mentation of this promising tool to promote
evidence-based care.

Definitions

Imaging CDS represents an online, iterative
interaction between a user (ordering pro-
vider) and a computer software system to
provide evidence-based feedback in real time

(at the time of ordering) to improve clinical
decision making (Fig. 1).

A CDS application is comprised of two com-
ponents, the “syringe” and the “medicine.”
The “syringe” refers to the information tech-
nology mechanism that interacts with the user
and the CPOE system to deliver the evidence
(i.e., the “medicine”) to improve the ordering
provider’s clinical decision; the “medicine”
refers to the evidence/clinical logic/rules
embedded in CDS.

AUC are defined as evidence-based criteria to
enhance appropriate use of diagnostic imag-
ing tests for a given condition/diagnosis. Their
primary purpose is to aid in the clinical
decision-making process, guiding the order-
ing physician to make the most appropriate
treatment decision given a specific patient’s
clinical condition or presentation. The source
and/or publisher of the AUCs presented to the
user in the CDS application may include pro-
fessional society guidelines, peer-reviewed
publications, and clinical decision rules, or
local best practices.

Strength of evidence: The quality or grade of
evidence underlying an AUC varies
from evidence based on expert opinion only to
evidence based on rigorous science. The grade
of evidence is an important contributor to the
“trustworthiness” of the AUC as defined by
the Institute of Medicine (Ransohoff et al.
2013). The sources and strength of evidence
presented in CDS should optimally be trans-
parently available to the user at the time of
clinical decision making (Fig. 2).

2

Trends in Imaging Use
and Costs

Medical imaging has helped to transform
health care and will continue to advance the

understanding

and treatment of disease

(Tempany 2001; Jolesz and Blumenfeld 1994;
Weissleder 1999). But despite the substantial
benefits of medical imaging in many clinical
situations, there is wide variation in the use of
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Fig. 1 Interactive CDS alert displays actionable advice to
an ordering provider in the process of ordering a lung can-
cer screening CT on a 45-year-old asymptomatic women

with <30 pack-year smoking history. These clinical attri-
butes are necessary for CDS to determine if the patient will
not benefit from screening based on available evidence

|Decision Support

In patients with minor head injury and based on the information you have provided, the
| chance of positive findings on Head CT is extremely small according to three published large

| prospective controlled trials.

| Stiell IG, Wells GA. et al. The Canadian CT Head Rule for Patients with Minor Head Injury. Lancet 2001;

| 357: 1391-96.

| Haydel MJ., Preston CA. et al. Indications For Computer Tomography in Patients with Minor Head Injury.

| The New England Journal of Medicine 2000; 343: 100-5.

| Smits M, Dippel DWJ. et all. Predicting Intracranial Traumatic Findings on Computed Tomography in
| Patients with Minor Head Injury: The CHIP Prediction Rule. Annals of Internal Medicine 2007; 146: 397-

i 405.

| This information is presented to assist you in providing care to your patients. It is your responsibility to exercise your independent
medical knowledge and judgment in providing what you consider to be in the best interest of the patient.

Continue l

[ Cancel

Fig.2 CDS feedback provides sources of evidence to the ordering user
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Change in units of service

Change in volume

per beneficiary per beneficiary Percent
. of 2014
. Average annual Average annual allowed
Type of service 2009-2013 20013-2014 2009-2013 20013-2014 charges
All services -0.1% 0.3% N/A 0.4% 100%
Imaging -0.9 -1.0 -2.3 -1.1 11.0
Advanced—-CT: other 1.2 4.2 0.3 3.2 1.6
Echography—heart 1.0 -0.5 —4.1 -1.5 1.1
Advanced-MRI: other 0.1 2.0 -1.7 1.0 0.9
Echography—-other 3.8 1.9 3.0 1.9 0.9
Standard—musculoskeletal -0.2 0.2 -0.7 -0.6 0.9
Standard—nuclear medicine 7.7 -5.8 -11.6 -7.9 0.8
Standard—breast 0.5 2.3 -0.4 —2.6 0.7
Imaging/procedure—other -5.8 4.2 -1.7 -15 0.6
Advanced-MRI: brain -1.8 1.2 -3.7 -0.8 0.4
Advanced—CT: head 0.2 2.2 -1.2 1.6 0.4
Standard—chest -2.6 -3.6 -3.0 -4.0 0.4
Echography—abdomen and pelvis 0.5 -1.2 0.3 -1.2 0.4

Source: MedPAC analysis of claims data for 100 percent of Medicare Beneficiaries

Fig. 3 Imaging utilization among medicare beneficiaries. Source: MedPAC analysis of claims data for 100% of

Medicare Beneficiaries

imaging (especially high-cost imaging) and
concern about inappropriate use persists.
Inappropriate use may result in waste (Hendee
et al. 2010) and suboptimal quality of care,
and may harm patients by exposure to unnec-
essary ionizing radiation (Sodickson et al.
2009; Smith-Bindman et al. 2009; Lin 2010)
or unnecessary additional tests and treatments
provided in follow-up of incidental or ambigu-
ous imaging findings (Black 1998; Welch
et al. 2011).

Imaging has been identified as a potential
driver for rising United States healthcare
expenditures although recent reports suggest
that utilization levels have moderated or even
declined slightly. In 2003, approximately
206 million imaging services were provided
to a total of 34.8 million Part B Medicare ben-
eficiaries. By 2006, that number increased
58.4% to 326 million services for 35.9 mil-
lion beneficiaries (Harvey 2012). By 2013—
2014, across all services, Medicare volume
per beneficiary grew by 0.4%; but at —1.1%
for imaging services (Fig. 3). The Medicare
Payment Advisory Commission observed that
“While the imaging decrease continues the
downward trend we have seen since 2009, use
of imaging services remains much higher than
it was in 2000” (Medicare Payment Advisory
Commission 2016).

In a population-based study utilizing data for
one million to two million patients annually
from 1996 to 2010 in six large integrated health
systems across the United States, the number of
CT scans tripled over the study period, to 149
per 1000 patients in 2010, while the number of
MRIs quadrupled, to 65 per 1000 patients in
2010 (Smith-Bindman et al. 2012). However,
almost all of that growth occurred between 1996
and 2006, and after that time, overall slowing
(MRI), or stabilization (CT) in medical imaging
utilization was observed. It should be noted that
increase in utilization does not necessarily
equate waste. For example, increased use of
abdominal CT in the emergency room for
patients suspected of acute appendicitis has
reduced the negative appendectomy rate, partic-
ularly for women. In one study, the use of CT
was associated with a >10-fold decline in the
negative appendectomy rate (portion of appen-
dectomies with a normal appendix at pathology),
from >20% to less than 2% (Raja et al. 2010).
Future research is needed to explicitly evaluate
the impact of imaging in various clinical settings
so that quality and value deliberations focus on
evidence of clinical impact rather than utiliza-
tion rates of imaging.

Wide, likely unwarranted, variation also exists
in the utilization of CT and MRI across the
United States (Fig. 4). For 34 million Medicare
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Heatmap of CT Utilization by Intensity
(Studies per 1000 beneficiaries)

Heatmap of Impact Hospital Refferal Region for
Diagnostic CT (overlapping intersity and payment)
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Fig.4 Heat map of CT utilization by intensity (#tests per
1000 Medicare beneficiaries) and by payment, as well
as by impact (defined as high utilization and payment),

beneficiaries, 124 million unique diagnostic
imaging services (totaling $5.6 billion) were per-
formed in 2012. The average adjusted CT utiliza-
tion intensity ranged from 330.4 studies per 1000
beneficiaries in the lowest decile to 684.0 in the
highest decile (relative risk, 2.1); adjusted MR
imaging utilization intensity varied from 105.7
studies per 1000 beneficiaries to 256.3 (relative
risk, 2.4) (Ip et al. 2015a). The most common CT
and MRI procedures were head CT and lumbar
spine MRL

demonstrates substantial, likely unwarranted, variation
among the 600 Health Referral Regions in the United
States (Ip et al. 2015a)

3 General Features of Effective
Clinical Decision Support
During Radiology Order Entry

Best practices for implementation of imaging
CDS are debated and remain uncertain. However,
experience to date from implementation of CDS
in various domains including in imaging high-
lights a number of key features (Khorasani et al.
2014; Bates et al. 2003; Ip et al. 2013)
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1.

Efficient: CDS should be optimally embedded
in provider workflow. Every computer “mouse
click,” scroll, or new screen counts should be
vigilantly minimized. The speed at which the
user gets through the workflow also matters.
Redundant data entry in CDS, whether from
need to reauthenticate in the CDS application
(enter username and password separately
from the EHR) or reenter clinical information
already captured elsewhere within the EHR, is
a major source of user frustration, contribut-
ing to provider burnout, (Health Affairs 2017)
and creates additional risk of a user entering
erroneous data in CDS just to get through the
workflow in a busy clinical practice. A clini-
cally useful electronic radiology requisition
should optimally capture and communicate
the patient’s relevant signs and symptoms,
known diagnoses, differential diagnostic con-
siderations, and targeted laboratory results
necessitating the imaging procedure being
requested (e.g., “left lower quadrant pain, 5
days’ duration, fever, elevated WBC count,
7diverticulitis”). Relying solely on a single
billing ICD-9- or ICD-10-coded data in the
EHR will likely be inadequate to convey the
clinical indication and justification for an
imaging examination (the primary purpose of
CPOE) and thus may hinder a clinically effec-
tive CDS program. Any data obtained as part
of the imaging CDS interaction should flow
back to the EHR and the physician’s note
when relevant. Such clinical workflows may
be implemented by a single-vendor solution,
or will require enhanced interoperability
between the EHR and imaging CDS system, a
feature generally lacking and suboptimally
pursued by most vendors to date.

System design must enable the ordering
physician to act on CDS recommendations effi-
ciently. A suboptimal integration of imaging
CDS systems with EHR products can result in
confusing and inefficient workflows when
ordering providers attempt to modify or cancel
an imaging order based on a CDS recommenda-
tion. For example, if the CDS recommendation
is to change a head CT order to a head MRI
order, then the provider should be able to accept
the recommendation (i.e., click “Accept”) while

viewing the CDS recommendation. The pro-
vider’s Accept action while interacting with
CDS should then automatically cancel the head
CT order and generate a new head MRI order
with the same clinical information entered for
head CT in the EHR without any further require-
ment for the user to interact with CDS for the
new MRI request. Workflow inefficiencies
encourage the ordering provider to ignore the
imaging CDS recommendation, creating waste
and resulting in suboptimal quality of care.

. Educational (rather than punitive) and evidence-

based: Effective imaging CDS interactions
need to provide a clinically useful experience
in a very limited time span in the middle of
provider workflow. This requires the educa-
tional experience, and more specifically the
clinical content of the CDS alert visible on the
computer screen to the user, to have some
unique features.

(a) The clinical feedback must be clinically
valid. This requires thoughtful integration
between the clinical data entered in the
EHR and that shared with the CDS appli-
cation. For example, it has become popu-
lar to launch a CDS alert based on a
structured indication (a clinical indication
selected from a predetermined menu in
the EHR) while allowing a user to then
enter free text comments to communicate
the clinical reason for the examination to
the radiologist. Figures 5 and 6 highlight
the challenge of presenting a clinically
valid alert to the user if the structured
indication is broad, ambiguous, or does
not otherwise describe the patient’s pre-
sentation adequately to help determine
appropriateness of the order.

(b) The clinical feedback presented in the
CDS should be clinically relevant and
“trustworthy.”  Evidence delivered
through imaging CDS essentially repre-
sents a practice or institution’s standard of
care and should be consistent with the
best practices the clinical leadership can
support. The Institute of Medicine has
published standards for developing prac-
tice guidelines (Institute of Medicine
(US) Committee on Standards for
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SCHEDULED DATE/TIME:
CT ABDOMEN/PELVIS GENERAL
INTRAABDOMINAL SLECTON,
UN/A
+ PAIN - ABDOMINAL OR PELVIC (SSX) i"_—

Free Text Indications:

Structured Indication

s/p right nephrectomy with active bleed. For surgical planning

Free Text Indication

right nephrectomy with active bleed. For surgical planning

Does this exam require anesthesia or sedation?-=Neither

Oral Contrast Request:->Per Radiol

Fig.5 An electronic requisition for an abdominal CT high-
lights the potential discrepancy between structured and free
text indications selected by the ordering user in the

Fig. 6 An image from the CT scan requested in Fig. 5
demonstrated hemorrhage in the right nephrectomy bed
(arrow)

Developing Trustworthy Clinical Practice
Guidelines 2011) which highlight the
importance of assessing the strength of
each unique piece of evidence or recom-
mendation, (Ransohoff et al. 2013) using
the “level of evidence” and ““grade of rec-
ommendation” frameworks (OCEBM
Levels of Evidence - CEBM [Internet]
2009; Grade Definitions - US Preventive
Services Task Force [Internet] 2012) as a
key factor in determining the trustworthi-
ness of the clinical recommendation.
Grading evidence is also useful when
comparing overlapping or potentially
conflicting evidence from multiple

Please pmvidé any additional clinical context for this exam (additional indications, different diag

, otherr t history):-=s/p

Is a particular imaging focus suggested (radiology may call to confirm)?->Per Radiologist discretion/standard based on indications

Intravenous Contrast Request:->Per Radiologist discretion/standard protocol based on indications
gist discretion/standard protocol based on indications

EHR. Providing feedback on the appropriateness of this
request based on the selected structured indication alone will
likely be viewed as clinically irrelevant by the ordering user

sources. The strength of evidence is also
essential to inform policy makers, health-
care delivery systems, and providers as to
the relative merit of each recommenda-
tion embedded in imaging CDS. Finally,
ordering providers are more likely to
modify their clinical decision based on
strong evidence or those endorsed by
national professional societies and local
thought leaders to represent institution’s
best practices.

(c) The alert’s educational content must be
brief, unambiguous, and actionable
(suggesting an alternate decision to the
one the user is contemplating in the
ordering process). Given the need for
efficient workflow, the use of ambiguous
or elaborate language to communicate
recommendations can confuse and frus-
trate busy providers and decrease system
effectiveness. Presenting low-value infor-
mation (superfluous information not
directly relevant to the immediate order-
ing decision being executed by the user)
can create alert fatigue and may even
cause providers to ignore relevant CDS
recommendations by simply learning to
click “ignore” each time a CDS alert
displays without making the time to con-
sume the information being presented.
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3. Targeted: Effective CDS should require
interactions by ordering clinicians, and
enable targeted interventions on providers
focusing on subgroups of ordering provid-
ers who would benefit most from a specific
CDS alert. It should be obvious that if a
proxy is transcribing an ordering provider’s
request into the EHR, effectiveness of CDS
will be compromised. Also, a highly sub-
specialized practitioner may not need to
interact with the evidence in his or her area
of expertise. For example, presenting CDS
for use of head MRI to a stroke neurologist
may only create frustration for the user and
undermine the effectiveness of CDS.

4. IT intervention alone, even if based on
strong evidence, is unlikely to optimize
ordering practices. Consequences of ignor-
ing clinically valid, trustworthy CDS alerts
may include required synchronous (at the
time of order) peer-to-peer consultation (Ip
et al. 2014) or asynchronous feedback
(practice pattern variation reports compar-
ing a provide to his or her colleagues) (Raja
et al. 2015). Such multifaceted CDS-
enabled quality improvement initiatives
(including consequences of ignoring alerts)
are more likely to reduce inappropriate use
of imaging (Raja et al. 2015; Ip et al. 2013;
O’Connor et al. 2014; Weilburg et al. 2017;
Blackmore et al. 2011). It is thus more help-
ful to think of effective CDS implementa-
tion as a clinical transformation initiative
rather than an IT implementation alone.
Large-scale CDS-enabled utilization man-
agement and medical management interven-
tions (Ip et al. 2013; Weilburg et al. 2017)
have shown significant impact on the use of
high-cost imaging in large academic medi-
cal centers.

5. Measure, monitor impact, and adjust CDS
interventions based on desired outcomes of
improving appropriateness of imaging.
Assuming impact is likely to eliminate the
possibility of sustainable clinical improve-
ment in your practice.

4 Effectiveness of Clinical
Decision Support in Radiology

Effective imaging CDS enables measurable
reduction of inappropriate or low-utility and
unsafe or otherwise unnecessary imaging while
minimizing disruption to provider workflow and
productivity. Effective imaging CDS also mea-
surably increases the adoption of evidence in
clinical practice where warranted.

The literature on the impact of imaging CDS
is mixed. One of the earliest imaging CDS inter-
ventions on use of abdominal X-rays on inpa-
tients from two decades ago (Harpole et al. 1997)
showed that providers were unwilling to cancel
their order but were more willing to modify their
request (e.g., change supine KUB order to supine
and upright KUB including the hemidiaphragms
if clinical concern is perforated viscus). The first
description of Web-enabled ambulatory CPOE
and CDS in 2001 (Khorasani 2001) was fol-
lowed by early reports of impact (Ip et al. 2013;
Sistrom et al. 2009), as well as meaningful use
and adoption (Ip et al. 2012) (Vartanians et al.
2010) across the healthcare enterprise by pio-
neers and early adopters of this approach at
Brigham and Women’s Hospital (BWH) and
Massachusetts General Hospital (MGH) at
Harvard Medical School in Boston. Both institu-
tions, members of Partners Healthcare System,
instituted multifaceted CDS-enabled interven-
tions (including CDS, distribution of feedback
reports on use of high-cost imaging to ordering
providers, and financial incentives to ordering
providers to reduce high-cost imaging) as part of
a pay-for-performance contract with several
local payers in Massachusetts to avoid onerous
payer-initiated  pre-authorization = programs
beginning in 2005. A study at Virginia Mason
using CDS-enabled, targeted (to specific clinical
conditions) multifaceted interventions with local
best practices embedded as evidence in imaging
CDS showed significant reduction in use of lum-
bar spine MRI, head MRI, and sinus CT
(Blackmore et al. 2011). Tables 1-3 summarize
the results of several select interventions at
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Table 1 CDS implementation and high-cost imaging use
at BWH

Setting Outcome

Outpatients
(2005-2009)

12% decrease in high-cost
imaging/1000 member-months,
sustained over 4 years in a

BWH to help highlight broad conclusions on the
impact of imaging CDS on use of high-cost
imaging.

commercial payer population 5 Experlence fr.°m La rge S.cale

(Ip et al. 2013) Implementation of Imaging
Emergency 33% decrease in CT; 21% decrease CDS
department (ED) | in MRI per 1000 ED visits (Raja
(2007-2012) ctal. 2014a) Concerned with the potential contribution of
Inpatient 21% decrease in CT/1000

(2009-2012) admissions; adjusted for severity

of disease (Shinagare et al. 2014)

7.5% decrease in repeat CTs
(approx. 22% of all CTs are
repeated within 90 days)
(O’Connor et al. 2014; Wasser
etal. 2013)

Overall

Table 2 Impact of effective CDS based on high-quality,
condition-specific evidence “Choosing Wisely”

Setting Outcome

CT for suspected | ED use decreases 20%; yield up

pulmonary 69% over 2 years (Raja et al.

embolism 2012)/inpatient use decreases 13%

(ACEP) over 1 month, then stable (Dunne
et al. 2015)

MRI for low Outpatients: MRI use decreases

back pain (ACP) | 30% on the day of primary care
provider (PCP) visit; 12.3% within
30 days of index PCP visit (Ip

etal. 2014)

13.4% decrease in use of CT in ED
(Ip et al. 2015b)

CT for minor
traumatic brain
injury (ACEP)

ACEP American College of Emergency Physicians, ACP
American College of Physicians

high-cost imaging to the rising costs of health
care, Congress enacted the Medicare
Improvement for Patients and Providers Act
(MIPPA) in 2008 (Medicare C for, Baltimore MS
7500 SB, Usa M 2013). MIPPA mandated that
the Centers for Medicare and Medicaid Services
(CMS) undertake a demonstration project (named
Medicare Imaging Demonstration or MID) in
lieu of a federal pre-authorization program for
high-cost imaging. The MID was designed as a
2-year demonstration and launched in October
2011 to assess the impact of preselected profes-
sional society guidelines embedded in CDS on
use of ambulatory high-cost imaging for outpa-
tient Medicare fee-for-service patients (Medicare
the USC for, Boulevard MS 7500 S, Baltimore,
Baltimore M 21244 7500 SB, Usa M 21244 2017).
Designed as an alternative to prior authorization,
the MID project evaluated the impact of two pro-
cesses on use of 12 high-cost image procedures
for ambulatory fee-for-service Medicare patients:
a) CDS that was primarily based on AUC created
by the American College of Radiology and the
American College of Cardiology, and b) practice

Table 3 Impact of CDS-enabled Interventions on documented adherence to evidence

Control | Intervention

Imaging/condition Reference Type (%) (%) P-value
Head CT/ED minor Gupta Education only 49 76 <0.001
trauma (ACEP) JAMIA 2014 (Gupta

et al. 2014)
Chest CT/ED PE (NQF) Raja Education only 57 76 <0.01

Acad Rad 2014 (Raja

et al. 2014b)
Chest CT/ED Raja Add MD feedback |78 85 <0.05
PE (NQF) AJR 2015 (Raja et al.

2015)
LS MRI/ambulatory Ip Add peer to peer, 78 96 <0.005
(ACP) Am J Med 2014 (Ip MD feedback

et al. 2014)
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pattern variation reporting to providers. MID was
carried out across five geographically and organi-
zationally diverse groups of practices (conve-
ners). With 139,757 orders placed by 3916
physicians at 363 practice sites from October
2012 to September 2014, it was the largest imple-
mentation of CDS for imaging to date.

Pooled national data across all conveners was
analyzed independently by the RAND corpora-
tion and the results were submitted by CMS to
Congress in the fall of 2014 (Medicare Imaging
Demonstration Evaluation Report to Congress
[Internet] 2014). There was no significant change
in utilization of high-cost imaging when compar-
ing post-CDS intervention data to pre-intervention
(control) among MID participants or when com-
paring utilization of high-cost imaging in the
post-intervention MID practices to concurrent
controls selected by CMS and RAND from prac-
tices that were not enrolled in the MID. Most
orders (63.3% of orders during the baseline period
and 66.5% during the intervention period) were
unable to be matched by the CDS systems to
appropriateness criteria (Hussey et al. 2015).
There was a slight (though not statistically signifi-
cant) improvement in observed appropriateness of
imaging as assessed by CDS scores (11.1% of
orders were scored inappropriate during baseline
vs. 6.4% during the intervention period; 73.7% of
baseline orders were scored appropriate vs. 81.0%
during the intervention period).

A subsequent analysis of MID data from a
single convener including data from delivery sys-
tems in three states (Massachusetts, New York,
and Pennsylvania) showed that nearly 99% of
CDS alerts were ignored by ordering providers.
Providers were >20 times more likely to modify
an order than to cancel it, similar to a previously
published study in 1997 (Harpole et al. 1997).
However, actionability of alerts, as well as prior
experience with CDS, were identified as impor-
tant predictors of provider response to CDS alerts
(Ip et al. 2017). Actionable alerts (those that
could generate an immediate order behavior
change in the ordering physician) had a tenfold
higher rate of modification (8.1 vs. 0.7%;
p < 0.0001) or cancellation (0.2 vs. 0.02%;
p < 0.0001) compared with orders with nonac-

tionable alerts. Orders from institutions with pre-
existing imaging CDS had a sevenfold lower rate
of cancellation or modification than was seen at
sites with newly implemented CDS (1.4 vs. 0.2%;
p <0.0001).

Although reports of impact of imaging CDS
implementation are not entirely consistent, some
general conclusions can be made.

1. Imaging CDS-enabled interventions can
improve adherence to evidence (Table 3),
including clinical practice guidelines, reduce
inappropriate use of imaging (Ip et al. 2013,
2015b; Blackmore et al. 2011; Vartanians
et al. 2010), increase its yield (Raja et al.
2012; Dunne et al. 2015), and improve quality
of care and patient experience. However, there
is little empirical evidence that imaging CDS
alone, as an IT implementation, will reduce
inappropriate use of imaging. Multifaceted
CDS-enabled clinical quality improvement
interventions, such as those including order-
ing provider feedback, will likely be needed to
improve appropriate use of imaging (Ip et al.
2013; Weilburg et al. 2017).

2. Itis likely that CDS based on higher grades of
evidence or endorsed by national professional
societies and supported by local thought lead-
ers as clinical best practices will have higher
impact on altering ordering provider behavior.
However, more research is needed to under-
stand best practices for design and implemen-
tation of imaging CDS to improve its clinical
impact while reducing unnecessary distrac-
tions for ordering providers.

6 Emerging Challenges
and Opportunities for Imaging
Clinical Decision Support

In an effort to improve quality of health care and
reduce waste through meaningful use of health
IT, CDS was a fundamental component of Stage
II of the meaningful use criteria for health infor-
mation technology (HIT) set out in the federal
Health Information Technology for Economic
and Clinical Health (HITECH) Act of 2009 reg-
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ulations (Health Information Technology for
Economic and Clinical Health (HITECH) Act
2009; Jha 2010; Blumenthal and Tavenner
2010). More recently, Section 218b of the
Protecting Access to Medicare Act (PAMA) of
2014, aptly named Promoting Evidence-Based
Care, requires that healthcare ordering provid-
ers use approved CDS systems to consult speci-
fied AUC when ordering certain ambulatory
advanced imaging procedures (Table 4) as a
requirement for payment for such services to
furnishing providers (for both technical and pro-
fessional components of radiology services)
(Protecting Access to Medicare Act of 2014
2014). Per the resulting CMS regulations, begin-
ning on January 1, 2019, PAMA will require
ordering providers to consult AUC prior to
ordering outpatient CT, MR, and nuclear medi-
cine exams for certain “priority clinical areas”
for Medicare fee-for-service beneficiaries.
PAMA represents a major opportunity for radi-
ology practices to create value in health care but
many implementation challenges remain
(Hentel et al. 2017). Under these regulations, no
radiology practice will receive Medicare pay-
ment for these “certain” advanced imaging pro-
cedures unless the claim submitted to CMS for
payment includes documentation of ordering
provider consultation with a certified CDS
mechanism containing AUCs created by a quali-
fied provider-led entity (QPLE).

CMS has created a process for certifying
CDS mechanisms (the IT tool or the “syringe”),
and a separate process for creation of the AUCs
(the “medicine” or the rules to be embedded in

Table 4 CMS priority clinical areas (Hentel et al. 2017)

» Coronary artery disease (suspected or diagnosed)

Suspected pulmonary embolism

Headache (traumatic and nontraumatic)

Hip pain

Low back pain

Shoulder pain (to include suspected rotator cuff
injury)

Cancer of the lung (primary or metastatic,
suspected or diagnosed)

Cervical or neck pain

CDS)—by delegating the creation of AUCs to
QPLEs.

CMS has created an annual application pro-
cess for national professional societies and other
provider-led entities (such as healthcare delivery
systems) to receive delegated authority from
CMS to become a QPLE. QPLEs have the author-
ity to publish AUCs which if implemented, at
least for the priority clinical areas identified by
CMS, will allow any provider group to meet
PAMA requirements. As of mid-2017, there are
16 QPLEs. Each must meet rigorous require-
ments, including literature review, multidisci-
plinary expert panel review of existing literature,
grading of each unique piece of evidence in the
AUC set using a well-accepted evidence grading
framework, and publication of the AUC set in a
public website for public scrutiny.

CMS intends to expand the clinical priority
areas over time. The priority clinical areas are
also intended to be targets for identifying outlier
ordering providers, and to potentially expose
such outliers to additional pre-authorization pro-
grams beginning in 2020. Based on the imaging
program experience, CMS may extend the pro-
gram beyond imaging.

Successfully implemented and adopted,
these new regulations have the potential to help
improve quality of care, promote evidence-
based practice, and reduce waste. However,
national implementation of such a program
faces several challenges (Hentel et al. 2017).
These challenges include enhancing and opera-
tionalizing the claims submission process
between providers and CMS, establishing the
process for private radiology practices who
receive imaging requests from many varied
referring provider practices, each of which may
decide on implementation of a different CDS
mechanism based on their own EHR, or con-
ceivably a different set of rules (“medicine”) as
envisioned under PAMA and its related regula-
tions. As written, the regulation’s workflow bur-
den resides primarily in the referring provider
domain while the financial burden resides solely
in radiology. Attempts to align these varied
incentives would likely be helpful in achieving
the intended goals of the law.
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7 Future Direction

Despite substantial progress in use of imaging
CDS to enable evidence-based practice to
improve quality and reduce waste, much remains
unknown. It remains unclear whether in the cur-
rent healthcare environment, imaging CDS will
achieve its promise of enabling evidence-based
practice beyond the leading healthcare delivery
institutions which have demonstrated its early
effectiveness. It is crucial that maturation of
imaging CDS solutions accelerates, buoyed
by the looming opportunity created under
PAMA. Several streams of improvements and
innovation are worth highlighting below.

1. Workflow interactions between EHR vendors
and CDS mechanisms need much improve-
ment. Efficient and clinically relevant CDS
alerts require sharing of a patient’s clinical
presentation (beyond a billing code) among
systems exposed to providers. It is unclear
whether such CDS functions will be ulti-
mately incorporated into EHR modules or
whether interoperability standards, many of
which exist already, will spur much-needed
innovations and improvements in the CDS
vendor space. Workflow optimization must
consider the impact of each “click” and
“scroll,” and each distraction, on provider
burnout.

2. Policies and regulations, including healthcare
financing changes to pay for value rather than
volume, would be helpful to align the diverse
and at times conflicting incentives of all stake-
holders, most importantly including patients,
to motivate the needed clinical transformation
for promoting evidence-based care.

3. Funding for research to accelerate creation of
evidence-based decision rules, using either
traditional methodologies (Gupta et al. 2014;
Stiell et al. 1992; Wells et al. 2001; Alper
et al. 2017) or promising new avenues such as
machine learning, deep learning, or artificial
intelligence, is sorely needed to improve the
usefulness of CDS to clinicians.

4. A public repository of transparently graded
(CEBM 2009), publicly available evidence,

akin to an “iTunes” library for music, could
accelerate the creation of AUCs by QPLEs,
may help improve collaboration among
QPLEs, identify knowledge gaps in current
literature, and allow QPLEs and end users to
compare AUCs from different publishers of
AUCs when such rules contradict or overlap.
Such initiatives can focus on the accumula-
tion, curation, organization, and functional-
ization of medical evidence rather than on the
creation of new evidence (Lacson et al. 2016;
Yan et al. 2016).

5. Evaluation of the impact of implementations
will be critical in understanding best practices
for design and implementation of imaging
CDS. Resourcing assessment of impact and
sharing results publicly and in peer-reviewed
literature will help advance this important tool
in effectuating the promise of health informa-
tion technology in healthcare delivery.
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Abstract

Examinations that use medical ionizing
radiation consisting of radiography, fluoros-
copy, computed tomography, and nuclear
imaging are essential tools in healthcare.
This recognition however is accompanied
by the risks of radiation which at doses very
much greater than used in diagnostic imag-
ing has known biological effects. The poten-
tial risk at diagnostic levels of radiation is
the stochastic effect of cancer. Because of
the connotations of the term radiation, doses
and risks are often misunderstood by
patients/caregivers and referring providers.
This results in the “safety” aspect of radia-
tion safety and quality often being the pre-
vailing focus. In order to address the
growing accountability of the imaging team,
experts must understand doses delivered
and what is known about risks, and develop
a practice based on the tenets of radia-
tion protection relevant to medical use: jus-
tification and optimization. This practice
should include a dose-monitoring program.
In addition, one should be able to have con-
versations across many different levels
of understanding that are balanced and
informed with respect to content, and appro-
priately delivered.
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1 Introduction

Diagnostic imaging is an invaluable tool for med-
ical care. Exemplifying this is computed tomog-
raphy (CT) which has been heralded in a survey
of medical practitioners as one of the foremost
advancements in medical care in the preceding
three decades (Fuchs and Sox 2001); ranked
together with MR, CT was #1 out of 30 advance-
ments that included coronary artery bypass graft-
ing, endoscopy, calcium channel blockers,
statins, and mammography. Inclusive of CT,
however, the majority of diagnostic medical
examinations depend on the use of ionizing radi-
ation. These consist of radiography, fluoroscopy,
CT, and nuclear imaging. Ionizing radiation in
high doses, much higher than his routinely used
in medical diagnostic imaging, has recognized
biological risks and effects. Because the word
“radiation” has a generic implication of harm,
there is a heightened awareness/concern by
patients, caregivers, and the public about radia-
tion exposure, whether medical or not. Together
with a clear increase in the use of medical imag-
ing modalities over the past 20-30 years, and
acknowledgment that there should not be vari-
ability in similar examinations with respect to
delivered radiation doses, the use of medical
radiation has become a much more visible
accountability for medical providers. Early rec-
ognition of the harm from X-ray radiation dates
back to Clarence Dally, the first martyr of ioniz-
ing radiation exploration and science (Brown
1995) in whom the damage from ionizing radia-
tion was evident by 1900. Nevertheless, there
continues to be misunderstanding of how much
radiation is delivered during medical imaging
examinations, and what is the potential impact of
this radiation (Steele et al. 2016; Steele et al.
2017; Lam et al. 2015; Ditkofsky et al. 2016;
Sadigh et al. 2014; Rehani and Berris 2012;
Boutis et al. 2013; Puri et al. 2012; Hartwig et al.
2013; Robey et al. 2014). Paralleling this is an
increasing call for awareness, accountability, and
action in the use of medical radiation (Frush et al.
2013). To this end, review of the use of ionizing
radiation in the context of safety and quality is
warranted. Content consists of clarification of the

language of radiation used in the medical imag-
ing, review of trends in use, current perspectives
on and prevailing positions in radiation risk, gen-
eral constructs of radiation protection (CT exam-
ples will be emphasized as a large contributor to
medical dose), and use of radiation especially in
the vulnerable populations in children and with
fetal exposure. The value of communication
strategies relevant to medical radiation use and
potential risk will be summarized. The subject of
informed use of ionizing radiation considering all
the above factors is broad and deep, including
somewhat contentious view on actual risk. The
text is amply cited to enhance those areas where
more in-depth discussion is desired.

2 The Association of Safety
and Quality for Medical
Radiation

Radiation is requisite in performing much of
diagnostic imaging and cautious use has long
been the model, whether under the label of radia-
tion safety or radiation protection. There has
been a call for increased accountability by the
medical community in the use of medical radia-
tion, especially for diagnostic purposes (Frush
et al. 2013). This accountability can be monitored
under a comprehensive safety and quality pro-
gram. “Quality” according to Webster’s diction-
ary is a degree of excellence, and often, including
in the familiar pairing of the phrase “safety and
quality” implies that the degree is actually excel-
lent, rather than acceptable or good. “Safety” can
be considered the absence of harm. Since harm
would not generally be in harmony with care that
is excellent quality, safety is a requisite compo-
nent for achieving quality. However, the two are
neither interchangeable nor independent.
Arguably, a high-quality medical imaging prac-
tice should strive to be as safe as possible, but a
safe program may not be sufficient for the label
of excellent quality, as there are many other
attributes of quality (e.g., efficient, service ori-
ented, diagnostically accurate, patient-centered).
Why, then not just use the more inclusive word of
“quality”? An explanation is that safety is such a
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dominant and fundamental requisite of the medi-
cal landscape, underscored by the recognition
and importance of minimizing unsafe medical
practice in the 1999 Institute of Medicine report
“To Err is Human” (http://www.nationalacade-
mies.org/hmd/Reports/1999/To-Err-is-Human-
Building-A-Safer-Health-System.aspx), that it
comes to occupy a defensibly conjugal position
with quality as a familiar designation. The fol-
lowing material then subscribes to this perspec-
tive. There is a potential downfall of this pairing
of safety and quality with respect to ionizing
radiation and that is the potential overemphasis
on the safety aspect of the use of ionizing radia-
tion at the expense of the quality component.
Radiation protection through reduction can be
the consuming objective rather than informed use
of radiation to obtain the necessary diagnostic
yield; this may necessitate relatively higher
patient doses. Support for this elevation of “radi-
ation dose reduction” above all else is partly
embodied in diagnostic reference levels (DRLs),
which are based only on radiation dose estimates,
generally above which measures should be taken.
But relatively low levels of radiation, considered
“safer” in the pure sense of the word, may not be
of appropriate quality. Radiation protection then
as a phrase is not as encompassing as (appropri-
ate) radiation management, more inclusive of
both radiation risk and quality elements: that is,
the right amount of radiation. DRLs—diagnostic
(more aptly dose) reference levels—then might
be more fittingly hybridized with measures of
image quality under a broader denomination of
performance reference levels (PRLS) (perfor-
mance = dose + quality). Similarly, efforts for a
comprehensive and balanced approach to radia-
tion safety and quality may be more appropri-
ately under the rubric informed use of radiation
than radiation protection (Frush et al. 2016).

A few additional clarifications on the subject
of medical radiation and safety and quality are
warranted. First radiation when used alone
implies ionizing type radiation. “Dose” as a term,
almost invariably implies dose estimates when
used in the clinic arena. “Risk” when discussed
often embodies potential risk as some risks with
respect to low levels of radiation are uncertain.

The phrase “low-dose,” in the context of medical
radiation, is not an absolute, and in fact is some-
what fluid given technical and technique advances
resulting in radiation reduction, such as iterative
reconstruction; low-dose signifies a relatively
lower doses than is customary. The following
information applies to quality and safety for the
patient, recognizing that occupational protection
is an obligatory component of a comprehensive
radiation safety and quality program. Finally, and
most importantly, while the majority of the diag-
nostic of the following material will be dealing
with discussions related to radiation use and
safety, one must be mindful of the greater context
of radiation use in medical imaging: the opportu-
nity to provide valuable information for deliver-
ing high-quality medical care. This added value
should be really a keystone in discussions with
care providers, patients, and caregivers (e.g., par-
ents) when discussing radiation use and potential
risk irrespective of specialty.

3 Factors Contributing
to the Current Profile
for Radiation (and Risk)
in Medical Imaging

There is a variety of factors that contribute to the
current profile of a radiation used in medical
imaging. These factors include an increasing fre-
quency of examinations; examinations with rela-
tively high doses of radiation; potential camulative
exposures; an increase in patient, caregiver, pub-
lic, and even healthcare provider awareness and
concern for radiation (risks) paired with misun-
derstanding of radiation doses delivered during
medical imaging; increased scrutiny by health
authorities, regulatory agencies, and other body
such as a accrediting organizations; and alarming
information in the lay press.

There are nearly 4,000,000,000 examinations
performed each year globally that use ionizing
radiation (UNSCEAR 2008). In the United
States, the per capita increase in radiation from
medical imaging increased about 600% in the
last 30 years (NCRP 2009). This was largely due
to CT examinations, which constitute about 25%
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of all radiation exposure, including background
exposure, to the US population. Increases in fre-
quency have also been observed more globally
based on information from the Atomic Radiation
(UNSCEAR) (2013). While the use of imaging
over time depends on the type, overall the fre-
quency of examinations that use radiation has
leveled off recently or decreased in the past few
years (Levin et al. 2007, 2017), especially in chil-
dren (Parker et al. 2015; Menoch et al. 2012;
Miglioretti et al. 2013). Still, the overall use over
the past generation has clearly increased.
Moreover, radiation doses between the different
modalities can vary by orders of magnitude
(UNSCEAR 2000; Mettler et al. 2008, 2009;
Perez et al. 2015). While this relative range of
exposures may be well recognized by imaging
experts, the difference in dose for radiation in
radiography versus the use of radiation in com-
puted tomography may not be well understood.
There may also be a great deal of variability in
radiation doses that may result from similar
imaging examinations (Hopkins et al. 2013;
Smith-Bindman et al. 2009; Demb et al. 2017;
Mileto et al. 2017; PiDRL). Some variability in
examinations of identical body regions is reason-
able based on factors such as indication, or the
patient characteristics (i.e., size). Investigators
have argued that the variation in doses is greater
than it should be (Miglioretti et al. 2013).

There is also increase in the public awareness
of radiation; this is exemplified through several
portals in the United States. Some of this was
due to material in the lay press a number of years
ago, including articles in the New York Times
regarding CT doses, radiography doses in
children, and doses from cone beam CT (Redberg
and Smith-Bindman 2014; http://www.nytimes.
com/2011/02/28/health/28radiation.html; http://
www.nytimes.com/2010/11/23/us/23scan.html;
http://www.nytimes.com/2009/10/16/
us/l6radiation.html; http://articles.latimes.com/
2009/oct/14/1ocal/me-cedars-sinail4), and some
overexposures in a radiation therapy. For CT, two
events also resulted in increased public scrutiny.
One was an over exposure of a young child in
California following failures in performing an
appropriate CT examination (http://www.nytimes.
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com/2009/10/16/us/16radiation.html). The sec-
ond example was found in the performance of
perfusion CT scans at a number of institutions
resulting in tissue reactions (previously referred
to as deterministic effects) in several hundred
individuals  (http://articles.latimes.com/2009/
oct/14/local/me-cedars-sinail4). Partly from
these events, the state of California enacted dose-
reporting requirements (The State of California
SB 1237 2010). In addition, other regulatory and
accrediting agencies such as The Joint
Commission (http://www.jointcommission.org/
assets/1/18/AHC_DiaglmagingRpt_MK _
20150806.pdf) and the American College of
Radiology (ACR) (https://www.acr.org/Quality-
Safety/Accreditation) established standards for
accreditation of programs using diagnostic imag-
ing relative to radiation use. The FDA also pro-
moted more informed use and requirements for
reporting of doses that exceeded thresholds in
fluoroscopy (https://www.fda.gov/radiation-emit-
tingproducts/radiationemittingproductsandproce-
dures/medicalimaging/medicalx-rays/
ucm115354.htm). The Environmental Protection
Agency provided information on use of radiation in
medical imaging (https://www?3.epa.gov/radtown/
medical-xrays.html), and the Centers for Medicare
and Medicaid Services (CMS) enacted radiation
guidance through the Revised Hospital Radiologic
and Nuclear Medicine Services Interpretive
Guidelines(https://www.cms.gov/Medicare/Provider-
Enrollment-and-Certification/SurveyCertification
GenInfo/Downloads/Survey-and-Cert-
Letter-15-38.pdf). Industry also responded, such as
a Manufactures Imaging Technology Association
XR 29 for CT (http://www.medicalimaging.org/
policy-and-positions/mita-smart-dose/) and inter-
ventional radiology (http://www.medicalimaging.
org/policy-and-positions/mita-smart-dose/mita-
smart-dose-interventional/) and other aspects of
radiation safety (http://www.medicalimaging.org/
policy-and-positions/radiation-dose-safety/).
Globally, the International Atomic Agency (IAEA)
Basic Safety Standards (http://www-ns.iaea.org/
standards/review-of-the-bss.asp?s=11&1=88) also
deal with aspects of safe use of radiation in medical
imaging. In 2012, the World Health Organization
and TAEA cosponsored a radiation protection
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conference resulting in the Bonn Call for Action
(https://rpop.iaea.org/RPOP/RPoP/Content/
AdditionalResources/Bonn_Call_for_Action_
Platform/), with ten action items relative to the
medical use of ionizing radiation. The World
Health Organization has also endeavored to
increase awareness and education of radiation
used in diagnostic imaging (http://www.who.int/
ionizing_radiation/about/med_exposure/en/
index1.html). In December 2017, a follow-up
conference to the Bonn conference occurred in
Vienna. Moreover, recognition of the importance
of that informed views of radiation is also found
with the development of multiple national and
trans non-regulatory national organizations for
radiation protection. These began with the Image
Gently Alliance in 2007, followed by Image
Wisely in 2010, EuroSafe (www.eurosafeimag-
ing.org), AFROSAFE (www.afrosaferad.org)
Japan Safe Imaging, Canada Safe Imaging
(www.canadasafeimaging.ca/en/homepage),
LatinSafe (www.latinsafe.org/espanol/), and
most recently in May of 2017, ArabSafe.
Together, these organizations are a testimonial to
the global recognition of the need for radiation
safety through education and awareness.

There continues to be a misunderstanding of
radiation doses form various modalities, as well
as the potential biological effects, particularly
cancer induction, from imaging modalities.
These include across populations of patients, par-
ents and other care providers, the public, and
other healthcare providers. In one study of train-
ees, Sadigh et al., only 17% of surgical residents
had a discussion of radiation safety at least once
in the prior 6 months of residency. In addition,
only 39% of medical, surgical, obstetrical and
gynecological, and radiology trainees combined
had a similar discussion (Sadigh et al. 2014).
Less than half of all the surveyed trainees had
discussion of radiation safety in the pregnant
patient at least once in the prior 6 months in resi-
dency and radiation safety in children at least
once in 6 months of residency. In an international
study through the Atomic Energy Agency, Rehani
and Berris in surveying referring physicians from
28 countries found that 26% of physicians gave
incorrectly high estimates of radiation dose for

chest CT (30 mSv) and just under 35% could pro-
vide the equivalent number of chest X-rays for an
abdomen CT examination (Rehani and Berris
2012). While the numbers are small, 2.2% of all
physicians thought that old age was relatively
higher radiation sensitivity than childhood and
that MRI produced ionizing radiation. Boutis
et al. in a survey of parents at a tertiary care pedi-
atric emergency department reported that less
than half of parents surveyed knew of issues
related to potential malignancy risk associated
with head CT imaging. A moderate risk of cancer
from radiography was felt to be present by 5.4%
of parents surveyed versus 5.1% for head CT and
a large risk of cancer was similar between radi-
ography and CT, 0.8% versus 1.1%, respectively
(Boutis et al. 2013). Finally, Ditkofsky et al.
(2016) reported that just under 50% of attending
physicians and 72% of emergency department
residents were either not very comfortable,
uncomfortable, or extremely uncomfortable dis-
cussing the amount of radiation used in certain
patients. In the same group surveyed, only 17.1%
of attending physicians and 9.3% of resident phy-
sicians were extremely comfortable in explaining
risks of radiation exposure to the patient
(Ditkofsky et al. 2016).

The current profile of radiation at use of medi-
cal imaging has also been underscored by a call
for obtaining signed informed consent for a diag-
nostic medical radiation use. For example, a
recent point counterpoint outlined the contrary
positions on the need for a consent and the reader
is referred for details on both sides of the issue
(Harvey etal. 2015; Armao et al. 2015; Nievelstein
and Frush 2012). Suffice it to say that in the US
there is not a prevailing call, nor is there a sub-
stantive practice for obtaining this consent.

Finally, the unbalanced promotion of radiation
risk was recently well reviewed by Cohen (2015),
related to a publication where CT examinations
in childhood were associated with a risk of devel-
oping a brain tumor (1:10,000 risk). In this opin-
ion piece, Cohen correctly pointed out the
emphasis on the alarming aspects rather than the
consensus opinion on this level of radiation and
risk. However, there have also been efforts to
implicate various education and awareness
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campaigns, including those in the US [Image
Gently www.imagegently.org (Goske et al. 2008a, b)
and Image Wisely www.imagewisely.org (Brink
and Amis 2010)] whose mission is to inform a
variety of audiences about radiation doses, poten-
tial risks, and methods to assure appropriate use.
These organizations and similar efforts have been
challenged as contributing to the public fear and
should be terminated. This position is contested
(Frush 2016; Cohen 2016).

4 Radiation and Risk

In order to gauge the significance of safety with
respect to medical ionizing radiation, and poten-
tial strategies to mitigate the risk, it is necessary
to understand the presence and magnitude of
risks. Recall that we think of safety as the absence
of harm, or with radiation the minimization of
potential harm (the ALARA principle). The
harm, or detriment, of ionizing radiation is
divided into tissue reactions, cell death, (seen
beginning with relatively high doses) and sto-
chastic effects, DNA injury and altered cell func-
tion, (seen beginning with relatively low doses).
However detriment can also be psychological,
such as guilt for having a child undergo an exam-
ination that exposes them to radiation and con-
cern (unwarranted or otherwise), over the
long-term consequences of that exposure. A det-
riment could also be a practice that uses, for
example, 50% more dose for extremity radiogra-
phy than standards established for like practices.
The biological risk increase is arguable zero, but
the perception of that practice as a “high dose”
practice, and lack of attention to patient welfare,
may be a detriment to the administrators as well
as referring physicians, the latter who may send
business elsewhere. It is just important that one is
mindful of the spectrum of detriment that may
occur, and the detriment is not always isolated to
the patient.

Be that as it may, most of the discussion of
risk and dose deals with the real and potential
biological effects categorized above. It is not the
intent of this chapter to fully explore this range of
detriment; it is just important for the reader to

recognize that the classification of safety and risk
are often distilled to clear a biological harm that
is not necessarily the only consideration. A few
additional points need to be made with respect to
radiation use and these biological effects. First,
the risk of a procedure is warranted if the exami-
nation is justified. Moreover, the occurrence of
biological effects from radiation, such as during a
complex or life-saving interventional procedures
such as skin erythema maybe obligatory. That is,
the presence of a biological effect does not indi-
cate that this was an accidental or negligent use
of radiation.

In radiology practices, this biological harm
may be either a tissue reaction or stochastic
effect. For the overwhelming majority of diag-
nostic imaging procedures, doses are well below
threshold for tissue effects (outside of accidental
or other inadvertent exposures as previously
noted). In more complicated interventional pro-
cedures, often with therapeutic manipulations,
there may be both tissue reactions and stochastic
risks. The concept of misuse of radiation dose as
well has not traditionally been considered within
the spectrum of medical error. Perhaps this is
because the medium, radiation, has no immediate
physical (i.e., sensory activating such as taste, or
pain) properties. In addition, the potential bio-
logical effects from a stochastic standpoint may
take years, even decades to manifest. This is
much different from risks associated with other
interventions and medicine such as administra-
tion of antibiotics or narcotics, surgical proce-
dures, or chemotherapy for cancer where the
risks are more immediately evident and associa-
tive as they are proximal to the event. Nevertheless,
it is worth considering that overdosing (as well as
under dosing) radiation in the context of medical
imaging could be considered a medical error, and
unsafe practice.

The consensus statement of the majority of
scientific and medical professionals related to
ionizing radiation used in medical imaging is that
the risk of cancer below 50—100 mSv is uncertain
(https://rpop.iaea.org/RPOP/RPoP/Content/
InformationFor/Patients/information-public/
index.htm; WHO 2016; http://www.aapm.org/
org/policies/details.asp?id=318&type=PP; http://
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hps.org/documents/risk_ps010-3.pdf; Jolly and
Meyer 2009). Above 100 mSy, there are data that
demonstrates a significant, albeit small, risk of
developing cancer. Given this uncertainty, the
labeling of any amount of radiation as having risk
may be better achieved by using potential as a
modifier for risk, as this is more a presumptive
and reflects this uncertainty. It is possible to find
a wide variation in the positions with respect to
diagnostic levels of radiation and stochastic can-
cer risks. These range from a perspective of hor-
mesis, where a small amount of radiation is
helpful (Jolly and Meyer 2009) to positions that
there is no evidence of risk, to positions that even
a small amounts of radiation can result in a poten-
tial increased risk of cancer (Pearce et al. 2012;
Mathews et al. 2012; Huang et al. 2014; Hendee
and O’Connor 2012; Kirille et al. 2015; Journy
et al. 2015; Boice 2015). For example, in chil-
dren, one group of investigators concluded that
the risk of leukemia was increased in children
who had three or more a neonatal chest X-rays
(Bartley et al. 2010). It is not the purpose of this
chapter to promote the merits of one position or
another but merely to reemphasize that at this
point in time, the linear no threshold model,
although challenged even recently, is still the
most widely accepted model, and the position
that the risk of cancer below 50-100 mSv is
uncertain is the most prevalent.

With respect to the pediatric population and
low-level radiation from medical imaging from CT,
there have been three investigations, which have
associated cancer from these examinations per-
formed in childhood. A frequently cited report is
by Pearce in which they conclude that for a head
CT examinations in childhood, there was a 1:10,000
chance of developing a brain tumor (Pearce et al.
2012). Since that time of that publication, two other
investigations have a called into question the asso-
ciation of cancer and CT examinations in child-
hood, and a recent summary by Boice addressed
other difficulties with investigations that are mak-
ing this connection (Boice 2015). There have been
ranges of fatal cancer risk from about 1:150 to
1:10,000 with a general age-independent risk
1:1000 (= to 5% per Sievert fatal cancer risk)
(Pearce et al. 2012; Einstein and Henzlova 2007).

The mechanisms and factors associated with
the development of cancer are obviously quite
complex. What is known is that children are a
more vulnerable population than adults are.
This is for several reasons. First, a similar expo-
sure to a small child as a larger (i.e., cross sec-
tion) adult results in higher organ doses to that
child. In addition, tissues and organs in children
are in general more vulnerable to radiation due
to the fact they are growing. However, this is
not true for all cancers. About 35% of a child-
hood cancers are more vulnerable to ionizing
radiation. For about 25% of cancers, this differ-
ence between children and adults is unknown.
In about 10% of cancers (e.g., lung cancer),
adults are more vulnerable to radiation
(UNSCEAR 2013). Finally, there is a longer
lifetime to manifest the potential radiation-
induced DNA perturbations, a fundamental ele-
ment in carcinogenesis that could result in the
development of cancer. That is, a relatively
high dose in an individual who is 89 years of
age is likely not to have the same significance
in terms of latency of a solid malignancy as the
same organ dose to a child who is 8.9 years of
age.

Radiation safety in pregnancy has been
recently comprehensively addressed by NCRP
report 174 (http://ncrponline.org/publications/
reports/ncrp-report-174/). This outlines what is
known about dose risks, risk mitigation, and
development of programs and policies for radia-
tion protection and pregnant or potentially a
pregnant woman. It is important to recognize that
exposure is not only an issue for the fetus, as
some examinations, such as a chest CT can pro-
vide relatively high breast doses, tissue which is
are more sensitive during gestation. The
American College of Radiology provides a
practice paradigm and technical standard for use
of radiation in pregnancy which can service a
guideline in establishing a program (https://www.
acr.org/~/media/9E2ED55531FC4B4FAS5S3EF3B
6D3B25DF8.pdf) as there is no national consen-
sus document.

In summary, the most widely recognized risk
discussions with ionizing radiation deal with
biological effects, and in diagnostic imaging
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those consist almost exclusively of stochastic,
potential cancer risks. However, it is important
when developing a safety and quality program to
consider a broader scope of what is considered
detriment that may include such factors as adher-
ence to standards of practice, potential psycho-
logical harm, and practice reputation among
considerations.

5 Strategies for Safe Use
of lonizing Radiation
in Medical Imaging

The following material is not intended to provide
modality specific information on dose manage-
ment strategies across all ages. This is well
beyond the scope of this chapter. What will be
emphasized are general considerations in radia-
tion does accountability through a management
program that addresses the fundamental require-
ments in medical practice. The intent is to discuss
generic approaches to radiation management.

The principles of radiation protection in medi-
cal imaging consist of justification and optimiza-
tion. Justification is that the examination is
appropriate and optimization signifies that the
performance of the examination is done to some
standard.

Justification is a shared responsibility
between two or more services, one of which is
the imaging service. Generally, the other is the
referring service but may be or be in addition to
a consultant service. The definition of an appro-
priate examination is sometimes difficult and
there are multiple factors that contribute to a
justification examination, beyond the simple
evidence-based medical benefit. Some of these
have been recently reviewed and consist of, in
US practice, defensive medicine, availability of
imaging services (and expertise) off hours, and
referrer preference (Frush 2014). A congress
report from 2012 that dealt with justification in
medical outlined several strategies for improv-
ing medical utilization including point of care
decision support, evidence-based, guidelines,
increased use of practice guidelines, facility
accreditation, management of self-referral,

management of defensive medicine, Stakeholder
education, and payment reform (Hendee et al.
2010). Currently, in the United States, one of the
biggest strategies is the migration to use elec-
tronic decision support. With this, the appropri-
ateness of the examination and or other guidance
such as decision rules may be available at the
point of care to assist healthcare providers in
deeming whether an examination is warranted
or not. The optimization of examinations is
beyond the scope of this chapter. Suffice it to
say that this is the responsibility of the imaging
team. From the safety and quality standpoint,
performing the examination should adhere to
the ALARA principle and be programmatic.
The fundamentals of safe and high-quality
imaging program with respect to the use of ion-
izing radiation should include the following: (1)
developed, implemented and maintained, and
audited as a consensus; that is, stakeholders
may include information technology experts,
radiologists, technologists, medical physicists,
health physicists (e.g., radiation safety officers),
and administrators; (2) consistency between all
areas of the enterprise as well as between all
providers who use modalities that employee
ionizing radiation; (3) informed and developed
based on best practices, including evidence-
based information, and/or established relevant
professional standards including achieving jus-
tification and optimization of examinations; (4)
designed (e.g., data generation, analysis, and
discussion) with multiple “customers” in mind
and that includes patients, caregivers, the pub-
lic, healthcare refers, imaging experts, adminis-
tration, appropriate regulatory, and other health
authority individuals; (5) considered a compo-
nent of a high reliability organization which
emphasizes attention to both work culture and
adherence to a culture of safety (Sexton et al.
2009; Schein 2004).

Current requirements for TJC accreditation
in the US require a dose-monitoring program
that consists of guidelines for the performance
of CT and nuclear imaging (http://www.joint-
commission.org/assets/1/18/AHC_
DiaglmagingRpt_MK_20150806.pdf).
Challenges in developing, implementing, main-
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taining, and auditing this program include what
are benchmarks (especially as dose standards
may drift downwards with medical advance-
ments), what is considered nonstandard dosing
including to vulnerable populations, who over-
seas this, what are penalties, who leverages the
penalties, what to do with potentially massive
amounts of data, differences in equipment and
ability to provide consistent state of the art med-
ical imaging (Frush and Samei 2015).

Also important in dose-monitoring programs
will be the development of diagnostic reference
levels (PiDRL; International Commission on
Radiological Protection 2007; McCullough
2010; Vassileva and Rehani 2015) for all modali-
ties. These may serve as benchmarks for a perfor-
mance of examination. However, limitations with
diagnostic reference levels include the absence of
a quality metric. That is, these relate only to dose
and have no information relative to the capability
for the adherence to quality measures related to
diagnostic capabilities.

With respect to pediatric imaging, size should
be a consideration in administering ionizing radi-
ation, including administered doses for radionu-
clide imaging, and altered parameters for
radiography (appropriate number of projections,
lower radiation exposures, collimation, use of
grids), fluoroscopy (limited fluoroscopy time, fil-
ters, pulsed fluoroscopy with low frame rate,
frame hold, video recording, collimation, grids),
and CT (lower kilovoltage-kV, and lower time
tube current product-mAs). There are additional
dose management strategies for children that are
more standard than in adults such as increased use
of nonionizing modalities (e.g., ultrasound for
neck masses, possible appendicitis), and less fre-
quent use of multiphase CT examinations. Many
of these dose reduction opportunities in children
were relatively recently reviewed (Khong et al.
2013); many of these strategies overlap with adult
populations as this size is also encountered in the
pediatric age-range. Training in medical physics,
radiation biology, and testing for certification as
well as assessing abilities during practice (con-
tinuous certification) should contain quality and
safety material content related to dose manage-
ment and risk assessment.

6 Radiation Risk Dialogues

A fundamental component of any safety program
for ionizing radiation is the ability for adequate
communication. Risk communication depends on
knowledge of the both the certainties and uncertain-
ties of risks related to the use radiation, emphasizing
the value of the imaging modality. The content
should be delivered appropriate for the level of
understanding of the relative party or discussants.

Multiple resources for informed use of radia-
tion in medical imaging exist including Image
Gently for children, Image Wisely for adults,
radiologyinfo.org, and a recent release by the
World Health Organization, Communicating
Radiation Risk in Pediatric Imaging to support
risk-benefit dialogue. This is a comprehensive
communication resource that covers all modali-
ties that use ionizing radiation and is intended
primarily for children but much of the informa-
tion is applicable to adults (Perez et al. 2015). In
addition, the websites for global organizations/
campaigns listed earlier offer information of radi-
ation management in children and adults.

Fundamentally, patients and their caregivers
want to know that they will be well taken care of,
that they have been given the opportunity to ask
questions, you have answered those questions to
a reasonable level of completeness and sophisti-
cation, and have given them the option for addi-
tional resources if necessary. Implicit in this
conversation again is the reinforcement of the
high value of medical imaging. This is often dis-
missed in light of more complex discussions of
risk and risk reduction. Fundamentals of good
communication involve being informed, sensi-
tive, and engaged (Levetown 2008). I avoid the
discussion of risk numbers. Other communica-
tion resources from the patients’ perspective in
the emergence setting have been provided by
Broder (Broder and Frush 2014), and an excel-
lent discussion for radiation use in medical imag-
ing, emphasizing a balanced discussion of risk by
McCullough (McCollough et al. 2015).

Through the use of balanced resources, imagers
and other provider should be able to have a dialogue
that is appropriate to the conversants with respect to
(estimated) doses from medical imaging examina-
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tions, including what is (and isn’t known) about
radiation risk communication in healthcare, and to
assure informed awareness of the need for justifica-
tion and optimization and taking appropriate and
necessary measures to be resonant with safe and
high-quality imaging practice (Abujudeh 2017).
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Past two decades have seen remarkable improve-
ments in both hardware and software technolo-
gies related to computed tomography (CT)
(Tabari et al. 2017). Starting from the addition of
multiple detector rows to the single-detector-row
helical CT scanners in the late 1990s to the ensu-
ing embellishment with powerful X-ray tubes
and efficient detectors, CT has come a long way.
These technological advances helped multidetec-
tor row CT scanners cement an indispensable
role in patient care but also led to concerns over
associated radiation doses.

To address radiation concerns, the CT
industry introduced or advanced multiple
solutions such as automatic exposure control,
automatic tube potential selection, pre-patient
beam collimation, and iterative reconstruction
techniques. In parallel, investigations high-
lighted variability in radiation doses between
same and different institutions for similar clin-
ical indications. Although European institu-
tions and organizations took the lead in
benchmarking of CT radiation doses for vari-
ous procedures based on surveys, the American
College of Radiology (ACR) dose index
Registry (DIR) represented a pioneering effort
to collect actual radiation doses associated
with CT examinations.

This chapter presents a brief review of scan
factors that affect CT radiation dose and adopts a
scenario-based approach to highlight strategies to
accomplish CT radiation dose optimization.
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1 Factors Affecting CT
Radiation Doses

Amongst different factors affecting CT radiation
doses, the most important one is the determina-
tion of appropriateness or justification for per-
forming the examination. Fortunately, robust
guidelines and recommendations are available
from the America to Australia addressing this
key aspect. The ACR Appropriateness Criteria
are available for different body regions and clini-
cal indications to help radiologists and referring
physicians to select and recommend the most
appropriate imaging examination. Some proprie-
tary and commercial software have adopted these
guidelines in their radiology order entry (ROE)
decision support systems. Several studies have
demonstrated the value of these decision support
systems to reduce inappropriate radiology exami-
nations including CT (Sistrom 2008; Sistrom
et al. 2009, 2015; Sistrom and Honeyman 2002;
Vartanians et al. 2010; Brink 2014; Gimbel et al.
2013; Gupta et al. 2014; Hendee et al. 2010).

Several patient factors affect radiation doses
associated with CT (Kalra et al. 2015). For the
same clinical indication and the body region, a
patient with larger cross-sectional dimensions in
the imaged region requires higher radiation dose
as compared to one with smaller dimensions.
This reasoning should also apply to the reduction
of radiation doses for vulnerable children as
compared to larger adult patients.

Certain body regions with lower attenuation
can be imaged at lower radiation doses as com-
pared to other regions with similar cross-sectional
dimension but higher attenuation (Kalra et al.
2004a, 2008; Maher et al. 2004). A chest CT, for
example, can be performed at substantially lower
radiation dose as compared to the abdominal CT
due to lower attenuation of the chest structures
versus the abdominal organs. Likewise, organs
and lesions with higher inherent contrast can also
be imaged at lower doses compared to those with
lower contrast. Thus, CT for lung nodules can be
performed at substantially lower radiation doses
compared to CT for routine examination of the
chest where mediastinum also needs to be assessed.
In the abdomen, CT for kidney stones and CT

colonography can be adequately performed at
reduced radiation doses due to their high inherent
contrast compared to CT for evaluation of low
contrast organs like liver and pancreas.

CT protocols requiring more than one image
series through the same body part are associated
with higher radiation dose as compared to dose
needing a single series examination. Several
abdominal CT protocols, for example, for evalu-
ation of liver, pancreas, and adrenal masses,
require multi-series imaging. Routine acquisition
of the contrast or non-contrast images prior to
post-contrast image series must be discouraged.
Furthermore, scan length for additional series
must be limited to a localized region of interest.
If all other scan factors are held constant, the
radiation dose is directly proportional to the scan
length, a fact that can be utilized for optimizing
radiation dose for multi-series CT examinations.

Several technical factors have a profound
effect on CT radiation doses (Kalra et al. 2011;
Lira et al. 2015; Padole et al. 2015a). Tube current
(measured in milliamperes or mA) has a direct
linear relationship with the associated radiation
dose. Consequently, it is the most frequently mod-
ified scan factor for optimization of radiation
doses. Automatic exposure control (AEC) tech-
niques, also known as automatic tube current
modulation, should be employed for adapting
tube current for most CT protocols. These tech-
niques require the user to specify the required
image quality reference parameter for AEC (such
as standard deviation, Toshiba; noise index, GE;
quality reference mAs, Siemens). Then, based on
the patient’s regional attenuation and size, AEC
automatically selects and modulates the tube cur-
rent to achieve the user-specified image quality
reference parameter. Some AEC techniques allow
a user to specify the range of tube current to avoid
inadvertently lower or higher radiation doses.
Others enable users to select the strength of mod-
ulation from very weak to very strong to control
the extent of tube current modulation. The ana-
tomic AEC includes angular tube current modula-
tion, longitudinal tube current modulation, and
combined angular and longitudinal current modu-
lation techniques. Several studies have reported
substantial radiation dose reduction with use of
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AEC techniques in both children and adults (Kalra
et al. 2004b, c, d, e, 2005a, b; Matsubara et al.
2009; Peng et al. 2009; Shen et al. 2015).

The organ-based tube current modulation
techniques available on some CT scanners allow
users to reduce radiation dose to certain radiosen-
sitive structures such as eye lenses and breasts
(Euler et al. 2015; Lungren et al. 2012; Reimann
et al. 2012; Wang et al. 2011). These techniques
either reduce the tube current or turn off the
X-ray tube for projections where X-rays are
directly incident on the radiosensitive structures.
This is based on the premise that most radiation
dose to the superficial organs such as eye lenses
and breasts is contributed from the directly inci-
dent X-rays. Several studies have shown that
these organ-based tube current modulation tech-
niques can substantially reduce radiation doses to
eye lenses and breasts (Reimann et al. 2012;
Nikupaavo et al. 2015). In-plane shielding
devices based on bismuth have been assessed in
prior studies to reduce radiation doses to eye
lenses, thyroid, and breasts (Einstein et al. 2012;
Kalra et al. 2009; Kim et al. 2013; Vollmar and
Kalender 2008; Wang et al. 2012). In the opinion
of the author and the practice at his institution,
these shielding devices should be discouraged
since their inappropriate use can increase arti-
facts and measured CT attenuation values (Kalra
et al. 2009). Furthermore, when these devices are
placed prior to the acquisition of the planning
radiograph, the AEC techniques may employ
higher than necessary tube current.

For retrospective electrocardiographically
(ECG) gated cardiac CT, there is temporal modu-
lation of the tube current to reduce the tube cur-
rent in less important cardiac phases compared to
the more important phases of reduced movement
of the coronary arteries. Compared to fixed tube
current, ECG-based tube current modulation can
help reduce the radiation dose associated with
coronary CT angiography by up to 50% based on
the heart rate and the selected minimum tube cur-
rent (Tabari et al. 2017; Ghoshhajra et al. 2014;
De Cecco et al. 2011; Gosling et al. 2013;
Sabarudin et al. 2012; Unal et al. 2015; Kalra and
Brady 2008). In prospective ECG-triggered car-
diac CT, the X-ray tube is simply turned off

during phases where data acquisition is not nec-
essary for coronary CT examinations; therefore,
it is often associated with lower radiation dose
compared to the retrospective ECG-gated cardiac
CT (Husmann et al. 2009; Khan et al. 2011; Park
et al. 2015; Sun et al. 2012; Tang et al. 2016; Xu
et al. 2013; Zhang et al. 2015).

Tube potential (measured in kilovoltage or KV)
has a profound effect on radiation dose as well as
the appearance of iodine-based contrast in the CT
images (Lira et al. 2015). A reduction in tube
potential not only decreases the radiation dose but
also is associated with a substantial increase in
attenuation of the iodine-based contrast media.
Most children less than about 80 kg can be and
possibly should be scanned at lower tube potential
(such as 70-100 KV) regardless of the image
reconstruction technique (Ben-David et al. 2014;
Dion et al. 2004; Eller et al. 2012, 2013, 2014,
Ghafourian et al. 2012; Gnannt et al. 2012a;
Gonzalez-Guindalini et al. 2013). Non-obese
adults undergoing CT angiography or contrast-
enhanced chest CT can also be scanned at lower
tube potential (i.e., less than 120 KV). Availability
of more powerful X-ray tubes (capable of generat-
ing more than 500 mA and as much as 1300 mA)
and iterative reconstruction techniques have made
reduction of tube potential an attractive method for
reducing radiation dose as well as the required vol-
ume of intravenous contrast media in both adults
and children (Park et al. 2015; Chen et al. 2016;
Haubenreisser et al. 2015; Itatani et al. 2013; Kaul
et al. 2014; Andrabi et al. 2015; Pan et al. 2016;
Pontana et al. 2013; Rompel et al. 2016; Sun et al.
2015a, b; You et al. 2015; Zhang et al. 2013, 2016).

Most CT scanners require users to manually
specify the required tube potential for CT exami-
nations. Several CT vendors have now intro-
duced automatic tube potential selection
techniques (for example, Care kV, Siemens; kV
Assist, GE) to help select the most appropriate
tube potential for a given patient’s size and type
of CT examination. These techniques require
users to specify the type of CT examination
(such as non-contrast, post-contrast, and CT
angiography). The technique estimates the
patient size information from the planning radio-
graph like AEC techniques and then selects the
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most appropriate tube potential and if necessary
modifies AEC to maintain or improve contrast to
noise ratio in the images. Several studies have
reported the value of automatic tube potential
selection techniques for reducing radiation doses
for chest, cardiac, abdominal, and vascular
applications (Ben-David et al. 2014; Eller et al.
2013; Zhang et al. 2016; Beeres et al. 2014;
Ebner et al. 2014; Hou et al. 2016; Niemann
et al. 2013; Faggioni et al. 2012; Fuentes-Orrego
et al. 2013; Gnannt et al. 2012b).

Gantry rotation time (measured in seconds)
refers to the time taken for the X-ray tube to
complete one 360° revolution around the patient.
If other scan factors are held constant, shorter
gantry rotation time implies lower radiation
dose and vice versa. Pitch is a unitless entity
which refers to the ratio of table feed per gantry
rotation (mm) to the total nominal width of the
X-ray beam. Like the gantry rotation time, pitch
affects the scan time, with lower values requir-
ing longer time if all other scan parameters are
held constant. For some scanners (Siemens and
Philips), a change in pitch (up to 1.5:1) brings
about a change in tube current to offset any
change in radiation dose. Others (such as GE
and Toshiba) are associated with higher dose at
a lower pitch and lower dose at a higher pitch.
Choice of the pitch should depend on the
requirement of scan time. A pitch greater than
1.6:1 is possible on dual source CT scanners
where the two helices from each X-ray tube-
detector combination fill the gaps in acquisition
data in the other helix. Such high non-overlap-
ping pitch (i.e., greater than 1.6:1) has been
applied for rapid acquisition of CT images at
substantially reduced radiation doses in chest,
cardiac, and vascular applications (Ghoshhajra
et al. 2014; Sun et al. 2012; Chinnaiyan et al.
2014; den Harder et al. 2016; Guberina et al.
2016; Korn et al. 2013; Lim et al. 2016; Paul
et al. 2013; Schulz et al. 2012).

Detector configuration is another important
scan factor, particularly for the multidetector-row
CT scanners. The detector configuration is repre-
sented by the product of the number of detector
rows and the thickness of each detector row in
millimeter. Choice of detector configuration is
based on the required scan length and the section

thickness for given clinical indications. For CT
scanners with matrix array type of detector con-
figuration (i.e., identical thickness of all detector
rows), the latter is not a factor in determining the
detector configuration. CT scanners with variable
detector row thicknesses require a use of thinner
detector configuration for reconstruction of thin-
ner sections. Conversely, when thicker sections
are acceptable for evaluation, detector beam col-
limation or wider detector configuration can be
used. For longer scan lengths, a wider detector
configuration is more dose efficient as compared
to a narrow detector configuration. When the
scan length is short, such as for head CT, a nar-
row detector configuration is more dose efficient
as compared to a wider detector configuration.
Some advanced multidetector row CT scanners
now employ adaptive shielding mechanism to
reduce X-ray beam falling beyond the detectors
and thereby enhance the dose efficiency (Tabari
et al. 2017; Chatterson et al. 2014).

Although seemingly a reconstruction parame-
ter rather than a scan factor, section thickness
does influence radiation dose for some scanners
(such as GE and Toshiba) which use objective
noise as image quality metric for AEC. On other
scanners, section thickness does not influence the
AEC. Modern multidetector row CT scanners
offer an opportunity for acquiring submillimeter
section thickness which however should be used
conscientiously since thinner sections have more
noise compared to thicker sections and may thus
tempt use of higher radiation dose. For lungs, and
CT angiography, submillimeter sections are para-
mount but often do not require higher doses as
these structures have higher inherent contrast
which offsets the disadvantage of increased noise
in thinner sections. For other low contrast organs,
such as brain and liver, one can acquire thinner
sections but interpret at thicker sections to
decrease the noise content in the images.

Thanks to the video gaming industry, modern
CT scanners now have iterative reconstruction
techniques that require higher and faster compu-
tation power to generate images with less noise,
and artifacts as compared to conventional filtered
back projection techniques of image reconstruc-
tion. Most vendors offer more than one proprie-
tary iterative reconstruction techniques on their
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line of CT scanners. These techniques empower
users to alter scan factors to reduce radiation dose
while maintaining or improving image quality
versus filtered back projection. Most techniques
require users to select its strength for a specific
clinical protocol. This, unfortunately, adds a sub-
jective element which varies wildly based on
radiologists preference. At higher strengths, the
images assume a rather distinctive pixelated or
paintbrush appearance, while at lower strengths,
image quality improvements may not be fully
realized. Regardless, several studies have
reported that iterative reconstruction techniques
can help users to reduce radiation doses substan-
tially versus their predecessor filtered back pro-
jection (Padole et al. 2015a, b, 2016; Kalra et al.
2012, 2013; Khawaja et al. 2014, 2015a, b, c;
Pourjabbar et al. 2015; Prakash et al. 2010a, b, c;
Singh et al. 2010, 2012, 2013; Abdullah et al.
2016; Arapakis et al. 2014; Benz et al. 2016;
Berta et al. 2014; Cho et al. 2014; Hwang et al.
2012a; b; Jensen et al. 2016; Kalmar et al. 2014).
Image quality improvements with these newer
techniques are especially apparent when using
lower tube potential, obtaining thinner sections,
and imaging larger patients.

2 CT Dose Descriptors

CT dose index volume (CTDIvol, mGy) and
dose length product (DLP, mGy.cm) are the
main CT descriptors that represent radiation
doses in 16 cm (for head CT) and 32 cm (for
body CT) homogeneous phantoms. The former
represents average dose at a given section posi-
tion whereas the latter is the total absorbed dose
over the entire scan series. The DLP is derived
from multiple lying CTDIvol with the scan
length. These descriptors do not represent actual
patient doses but enable users to compare radia-
tion doses across different CT protocols and CT
scanners.

Since patients rarely have a homogeneous
diameter of 32 cm, the American Association of
Physicists in Medicine (AAPM) has proposed a
size-specific dose estimate (SSDE) to convert
CTDIvol into a patient size-specific dose
descriptor (Khawaja et al. 2015d; Larson 2014).

The patient size is derived either from the plan-
ning radiograph or the cross-sectional CT
images by measuring the anteroposterior or lat-
eral dimension of the body. The lookup tables
provide a conversion factor based on these
dimensions which are then multiplied with the
CTDIvol to obtain SSDE.

Currently, there is no place of effective
dose or estimated effective dose (represented
in millisieverts or mSv) in CT radiation dose
monitoring or optimization. This metric is fre-
quently and often quite erroneously obtained
by multiplying the DLP with a conversion
coefficient. Subsequently, the derived esti-
mated effective doses are used to represent or
calculate associated risk of radiation dose.
Neither DLP represents actual patient dose nor
does a single conversion coefficient encom-
passes different patient age, gender, size, and
body composition. Sophisticated software is
available for estimating absorbed organ doses
for CT scanning but provides substantially dif-
ferent values based on their method of estima-
tion. To date, it is difficult to extrapolate
practical applications for these multiple organ
doses from a single CT examination in CT
radiation dose optimization.

3 ACR DIR and European
Guidelines

As of July 2016, there were close to 30 million
CT examinations from over 1500 facilities in the
ACR DIR, which was launched in 2011 to collect
information related to CT radiation doses (Kanal
et al. 2017; Robinson et al. 2013). Currently, the
ACR DIR houses information pertaining to
CTDIvol, DLP, and SSDE (for centers providing
planning radiographs) (Murugan et al. 2015a, b).
Several commercial third party software is also
available for radiation dose monitoring and track-
ing for CT (Cook et al. 2011).

The Joint Commission, a critical accrediting
and certifying organization for nearly 21,000
healthcare organizations and programs in the
United States, recommends that CT centers par-
ticipate in CT dose registry for tracking and
monitoring of radiation doses. Kanal et al. have
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recently published body region- and patient size-
based dose reference levels (representing doses
used in 75th percentile of doses used in
participating institutions) and achievable doses
(representing doses used in 50th percentile of
doses used in participating institutions) for the
top 10 CT protocols in adults (Table 1) (Kanal
et al. 2017). The European DRLs for pediatric
CT have also become available from the
European Society of Radiology (ESR) (Table 2)
(European Guidelines on DRLs for Paediatric
Imaging 2017).

Table 1 DRL and AD for different chest and abdominal
CT protocols from the ACR DIR (adapted from Kanal
etal. 2017)

CTDIvol SSDE
(mGy) (mGy)
CT protocol AD |DRL |AD |DRL
Non-contrast chest CT 9 12 11 15
Post-contrast chest CT 10 13 11 15
CT pulmonary 11 14 13 17
angiography
Non-contrast abdomen 13 16 15 19
and pelvis CT
Post-contrast abdomen 12 15 15 18
and pelvis CT
Non-contrast abdomen, 12 15 14 19
pelvis, and kidney CT
Post-contrast chest, 12 15 14 18
abdomen, and pelvis CT

Table 2 Pediatric CT DRL from the European guide-
lines on DRL for pediatric imaging (adapted from
European Guidelines on DRLs for Paediatric Imaging
2017)

CTDIvol (mGy)

Body region | Age or weight DRL
Head 0 to <3 months 24

3 months to 1 year |28

1 to <6 years 40

>6 years 50
Chest <5kg 1.4

Sto<15kg 1.8

15 to <30 kg 2.7

30 to <50 kg 3.7

50 to <80 kg 54
Abdomen <5kg

Sto<15kg 3.5

15 to <30 kg 54

30 to <50 kg 7.3

50 to <80 kg 13

The ADs and DRLs can help users to assess
radiation doses associated with their CT prac-
tices. However, users should realize that these
recommendations help in the initial setup of an
ideal CT practice from a radiation dose optimiza-
tion point of view. The granularity in terms of
each specific CT examination dose is missing as
is the information stratification based on the
scanner capabilities. Neither ACR DIR nor ESR
publications provide recommendations for liver
or pancreas or lung nodule follow-up CT proto-
cols. Neither provides information regarding CT
scanner-specific guidelines to empower users to
use the scanner capabilities to its maximum. If
participation in dose monitoring and/or tracking
is the beginning of a journey to “dose-perfec-
tion,” meeting and/or beating of the DRL and AD
are important but not the ultimate step which
involves use of specific scanner capabilities to
deliver body region-, size-, and clinical indica-
tion-based radiation doses while obtaining image
quality sufficient for diagnostic evaluation.

4 Scenarios for CT Dose
Optimization

A series of plausible scenario are presented in this
section based on several years of author experi-
ence in the field. While none may apply to some
CT centers, these can serve as learning exercises
towards CT radiation dose optimization.

In an ideal center, CT is utilized for relevant or
appropriate clinical reasons based on some guide-
lines via a radiology order entry and decision sup-
port interface. One or more radiologists lead the
efforts of clinical indication- and body region-
specific CT protocols. Thus, within each body
regions, such as chest, there are at least a few
clinical indication-specific protocols for pulmo-
nary embolism, diffuse lung diseases, lung nodule
follow-up, lung cancer screening, and airway
evaluation. Specific clinical indications, starting
and ending landmarks for each scan phase, the
number of scan phases, section thickness, and
their timing, as well as details for oral and intrave-
nous contrast injection, are stated for each proto-
col. This work is implemented with one or more
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specified CT technologists who help in imple-
mentation and monitoring of compliance. CT pro-
tocols are formally created and archived in
electronic format with or without hard copies for
easy reference since protocols archived in CT user
interface protocols only can sometimes change or
disappear! Radiologists and technologists then
work as a team with a medical physicist to fill in
the scan factors for each protocol. Techniques
such as AEC, automatic tube potential selection,
and iterative reconstruction are employed where
available to enable dose reduction. The latter also
helps set the alert and notification values for
CTDIvol and/or DLP for different protocols.
These values warn the technologists if radiation
doses for any CT examinations exceed them. CT
doses are monitored by the medical physicist
while the radiologists flag issues with image qual-
ity. Radiation doses are monitored with a com-
mercial dose-tracking system which enables
scanner and patient-specific granularity not
afforded in the ACR DIR. Protocols are reviewed
on a quarterly basis.

The aforementioned scenario might not exist
even in tertiary well-staffed centers. Workload,
priorities, and lack of familiarity with scan fac-
tors and radiation dose often prevent radiologists
and CT technologists from substantial participa-
tion in dose optimization efforts. Likewise, medi-
cal physicists may not be available full time or
when available may not be as well verse or inter-
ested in CT protocols as in MR or mammogra-
phy. Referring physicians may not be receptive to
imposing radiology order entry decision support
systems adding to their clinical burden and forc-
ing them to reconcile with guidelines they did not
help create. Finally, finances may not be avail-
able for dose-tracking or monitoring resources
and/or modern CT equipment with more bells
and whistles to accomplish lower radiation doses.

Without will exists no way to radiation dose
optimization. Yet without means, there are oppor-
tunities to deliver safety. Education though is a
prerequisite for any meaningful effort. In a worst-
case scenario, all or most of the limitations in
preceding paragraph can befall on a CT practice
making dose optimization extremely challeng-
ing. Such centers should consider at least some

participation in the ACR DIR, which will send
regular dose audits comparing the center to the
rest of the country. Such quarterly reports inform
the center about their doses compared to the rest
of the country and identify protocols in most
need of repair. CT vendor can then be contacted
for advice and guidance regarding options for
dose optimization. There are also several free-
ware programs to track and monitor CT radiation
doses which can be networked to provide infor-
mation on radiation doses.

With a complete lack of any dose-tracking and
monitoring software, manual labor becomes
imperative. For such scenario, users should at least
strive for minimum possible goals. Foremost, users
must ensure that children receive lower radiation
doses compared to adults in terms of CTDIvol and
DLP. Smaller children should receive lower doses
than larger kids. AEC and/or automatic tube poten-
tial selection techniques can help substantially.
Putting up benchmark doses or DRLs and AD in
the CT suite can help motivate towards maintaining
radiation dose level. Next, evaluation of patients
undergoing chest and abdominal CT examinations
can be looked at to assess if chest doses are at least
a third to half of abdominal doses. Unfortunately,
the ACR DIR (Table 1) data on DRL and AD does
not demonstrate this but European Guidelines and
recommendations for children elegantly capture
this remarkable difference. A quick review of the
graphic user interface of scanners can tell if there
are clinical indication-specific protocols. One
should then look into the creation of at least a few
clinical indication-based CT protocols for each
body region. For example, routine abdomen, liver
mass, kidney stone protocol and CT urography
protocols in the abdomen. Creation of electronic or
hard copies of CT protocols helps in streamlining
the optimization of protocols and radiation doses.
Dose adjustment for clinical indications requires
users to modify AEC and automatic tube potential
selection techniques to accomplish radiation dose
optimization based on clinical indications.

This section will be incomplete if stress is not
placed on the fact that dose optimization is a
team effort which requires patient participation
too. Patients should ask for the reasons for CT
requisition and techniques. Patients though
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should not deny themselves of this imaging
modality when there is clinical justification for
CT scanning. When the indications are right, CT
can save lives and provide meaningful informa-
tion which affects treatment and outcome.

5 Summary

From the perspective of CT radiation dose opti-
mization, CT radiation dose tracking and moni-
toring is an important step. Participation in dose
registries and knowledge of benchmark doses for
CT can help tremendously in dose reduction.
Ultimately, dose optimization requires a team of
the willing and the able spanning from referring
physicians, radiologists, CT technologists to
medical physicists. Means of CT radiation dose
optimization are now available; their optimal
application is paramount.
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1 Definition of Clinical Audit

The word ‘audit’ has unfortunate connotations
from the financial world where it is defined as
‘an official inspection of an organization's
accounts, typically by an independent body’.
This implies an outside inspection which is
seeking to uncover errors, omissions and con-
cealment or fraud. Clinical audit in medicine is
better defined as a mechanism for quality
improvement and is perhaps best defined as ‘a
quality improvement process that seeks to
improve patient care and outcomes through sys-
tematic review of care against explicit criteria
and the implementation of change’. An early
adopter in Europe was the National Health
Service (NHS) in Great Britain, where it was
introduced by a 1989 Government White Paper
(Department of Health 1989). Clinical audit
activity must now be published via quality
accounts, and provided to the Care Quality
Commission, and audit work is increasingly
being linked to reimbursement. Since 2012, all
doctors have been obliged to take part in quality
improvement initiatives to retain their right to
practice and this may include clinical audit data
(Jutley et al. 2001).

On a Europe-wide level, clinical audit spe-
cific to radiology and nuclear medicine has
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been defined and elaborated in a European
Commission (EC) guideline for clinical audit,
summarised by the European Society of
Radiology (ESR) (2011). This distinguishes
audit from research, inspection, quality assur-
ance and other regulatory activities and firmly
defines it as a multidisciplinary process
designed to improve and maintain the quality
of patient care.

Although the guideline focuses on the impor-
tant role of audit in any investigation involving
ionising radiation, it recommends auditing all
services and processes.

In practice, there is much variation in
Europe. Some counties, such as Finland, have
instituted S-yearly audit programmes with
external multidisciplinary visits to radiology
departments in order to ensure uniformity of
practice and regular monitoring of perfor-
mance; beneficial effects of this approach have
been published (Hirvonen-Kari et al. 2009).
However, carrying out audit does involve the
investment of time and resources, and some
countries have undoubtedly lagged behind.
There is now more urgency to address the issue
of audit in the updated EU radiation protection
legislation which comes into force in 2018 and
which makes the carrying out of audit in rela-
tion to investigations involving radiation man-
datory, to ensure its appropriate use (Council
Directive 2013). Audit of optimisation of radia-
tion dose and use of dose reference levels is
also coming to the fore.

2 The Purpose and Role
of Audit

If it is accepted that audit is an agent for
improvement, it follows that it is not a “pass or
fail” process, but one of monitoring and aware-
ness of performance, and a striving for
improvement (National Institute of Clinical
Excellence 2002). However, there have to be
benchmarks/targets against which departments
or individuals can assess their performance to

see where improvement is required, or could
be achieved. It is easy to assume that our per-
sonal performance or that of our institution is
satisfactory, but if it is never measured then
that remains an unproven assumption. In many
respects, the main benefit of audit is that it
requires objective assessment of whatever is
being audited. Here, however, there is an
important distinction with research. Audit is a
sampling process, and does not have the
requirement to be statistically valid. It is an
indicator of performance at one point in time,
and does not require the statistical vigour of a
research exercise. It is indicative, not defini-
tive, pointing to areas where performance may
need to be improved, or which can be broadly
accepted as satisfactory. Where there seems to
be underperformance, more detailed analysis
will be required to uncover the reasons, or a
more extensive or detailed audit process may
be required to see if the underperformance is
indeed real. This is important if the results of
the audit may have important implications for a
department, or individual employees, and con-
cerns that audit data will be used indiscrimi-
nately or as a basis for punitive action will
limit uptake and engagement (Johnston et al.
2000). The potential overlap with inspection or
licensing is problematic. Inspection can have a
‘pass or fail’ element, and this is important for
the protection of patients if practice is unsafe
or unsatisfactory. In radiology the safety
aspects are focused particularly on radiation
exposure, but in practice both audit and inspec-
tion have the same goal, which is the provision
of high-quality safe care. Indeed in countries
where both audit and external inspection are
carried out, the processes have been found to
be broadly complementary: in clinical audits, a
broader and deeper view of the clinical proce-
dures is taken, while regulatory inspections
mainly verify conformance to basic regulatory
requirements (Hirvonen-Kari et al. 2010).
Certainly audit data generated internally can
be of great value in providing data for external
regulatory bodies.
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3 Models of Audit

The classical model of clinical audit is the audit
cycle or spiral (Figs. 1 and 2).

A standard of performance is identified and
agreed before the audit is carried out. The data to
be collected and analysed (the indicator or out-
come to be measured) are then agreed. The sam-
ple size then needs to be established. This has to
be large enough to be indicative (although not
necessarily statistically valid) while also taking
into account the practicalities and time investment
required. Once the data is collected and analysed,
it will become apparent if the target performance
has been achieved. If it has, and it is agreed that

iy

2. Set criteria
& standards

5. Implementing
change

4. Compare .
performance with 3. Observe practice

criteria & standards U / data collection

Fig.1 Audit cycle

Select a standard

Compare with standard

Fig.2 Audit spiral

the target standard was appropriate (and not too
low or ‘easy’ to achieve), the audit can be consid-
ered to be complete. If achieved, but in retrospect
the target performance is considered to be too
low, a higher standard can be set, turning the
audit cycle into a spiral of ascending performance
expectations.

If performance is suboptimal and the target is
not met, the reasons for this must be explored.
This includes an analysis of the steps in the pro-
cess being audited, so that the cause/causes or
source of underperformance be identified. With
this knowledge, the question is then what can be
done to ameliorate or improve the performance so
that the target performance can be met. Following
corrective action, reaudit is necessary to ensure
that the change has indeed led to the expected
improvement. Although over time the target per-
formance can be raised to challenge the system to
attempt to achieve better and better performance,
perfection is rarely achieved, and performance
cannot be improved ad infinitum, year on year.

Internal vs. External Audit

If audit is regarded as a key professional activity,
it should not be left to external bodies or inspec-
tions, but should be a continuous process taking

Improvement
or reassurance
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place in every department, that is, ‘internal audit’.
Many activities within radiology involve differ-
ent professional groups including radiologists,
technicians, radiographers, nursing and clerical
staff. Medical physicists may also play an impor-
tant role, especially in the field of radiation pro-
tection. European Commission and individual
professional body guidelines on audit often
emphasize the multidisciplinary aspect of audit,
and encourage collaborative audits. Indeed the
need for a multidisciplinary approach was the
primary reason for renaming ‘medical audit’ as
clinical audit in the 1990s. Within radiology, the
patient journey involves multiple steps in the pro-
cess, and a variety of staff members. All steps can
be audited, and this can mean auditing work car-
ried out by many different grades of staff. Some
audits may also directly or indirectly audit the
work of those outside the radiology department,
e.g. referrers. Auditing others’ work without their
knowledge, and preferably co-operation, is not
recommended because it can be viewed as poten-
tially punitive rather than in the spirit of improve-
ment. If improvement is the goal, then a no-blame,
constructive approach is essential to obtain the
co-operation and collaboration of all staff, and
importantly wide acceptance of the validity of the
results and any corrective actions suggested
(Flottorp et al. 2010).

The ideal situation is where there is a rolling
programme of key audits carried out regularly
within a department, with additional ones carried
out sporadically, or when it is perceived that an
individual process or service needs to be
improved. Analysis of disappointing results, car-
ried out with a root-cause analysis, can allow the
contributory factors of suboptimal performance
to be identified and addressed internally within
the department or unit.

External audits are also of value. European
guidelines suggest that these are carried out by
multidisciplinary teams every few years; 5
yearly is recommended. The additional value of
external audit is the cross-fertilisation of ideas,
and an objective view of the department. They
also provide an opportunity for the pooling data
from multiple sites, benchmarking and setting
of standards. Unfortunately, external auditing

processes may be very expensive because they
are labour intensive, and many countries cannot
devote the relevant resources (Vargha 2009).
Here, professional bodies can be helpful by pro-
viding set audits that departments can carry out
with predefined standards and self-reporting of
results. In Europe, this work has been under-
taken by the European Society of Radiology
(European Society of Radiology 2010; European
Society of Radiology, https://www.myesr.org/
quality-safety/esr-basic-patient-safety-stan-
dards-and-audit-tool). Some countries also
carry out national audits on specific topics, in
some cases facilitated by national professional
bodies, to achieve a snapshot of national perfor-
mance in a specific area (Duncan et al. 2012).

5 Scope of Clinical Audit

Anything and everything can be audited. Broadly,
audit is usually divided into audit of structure,
process and outcome. Selected examples are
given below:

5.1 Structure

1. Equipment available, e.g. per capita provi-
sion, age and specification of equipment,
range of equipment available relative to clini-
cal referral guidelines

2. Numbers of staff, e.g. numbers of radiologists
relative to workload, numbers of radiogra-
phers per machine/workload, hours of opera-
tion of equipment

3. Provision of infrastructure, e.g. number of
reporting workstations relative to reporters,
image storage capacity relative to long-term
storage recommendations, electronic alert
systems for urgent findings

4. Safety, e.g. machine service contracts, provi-
sion of medical physics radiation protection
oversight, provision of lead aprons relative to
room staffing

5. Patient dignity/well-being, e.g. changing
facilities, waiting rooms, translation and chap-
erone provision
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5.2 Process

1. Referrer, e.g. documented referrer contact details,
mechanisms for communicating urgent findings

2. Justification, e.g. documentation of roles and
responsibilities, documentation of vetting,
pregnancy status policies and documentation

3. Timeliness, e.g. waiting times for examina-
tions, report turnaround times, machine time
unoccupied, throughput per machine

4. Optimisation, e.g. documented specific imag-
ing protocols for equipment, DRLs, recording
of dose, monitoring and documentation of
dose, documentation of contrast administered

5. Safety, e.g. process for checking renal func-
tion/contrast allergy, process for checking
patient identity, process for recording radia-
tion accidental or overexposure, procedure
complication reporting, untoward incident
reporting process and investigation pathways

6. Complaints, e.g. mechanism for investigation,
turnaround times for response

7. Process for reporting of diagnostic discrepancy

5.3 Outcome

1. Number of incidents of accidental/overexposure

2. Numbers of complaints

3. Numbers of adverse incidents reported and
their nature, e.g. contrast extravasation

4. Complication rates per interventional procedure

5. Technical success rates for interventional
procedures

6. Discrepancy rates for interpretation on second
review of imaging

7. Diagnostic accuracy rates

. Patient satisfaction data

9. Referrer feedback

oo

The success of medicine is ideally judged in
terms of the patient outcome. In radiology, with
the exception of interventional techniques, the
patient health-related outcome which is directly
attributable to diagnostic radiology is very diffi-
cult to measure. Surrogate measures are therefore
often necessary, and these, such as discrepancy or
accuracy rates for radiological reporting, are both

challenging to collect and even more difficult to
validate, which has to be accepted as a limitation
of any attempted quality evaluation in this area.

Priorities for audit may include areas where
national standards and guidelines exist, where
problems have been encountered locally, or
where there is a clear potential for improvement
or increased efficiency.

6 Source of Target Standards

Ideally, target standards should be evidence
based, from published and well-researched
sources. One major issue in radiology is the pau-
city of data on which to base standards, both indi-
vidual and institutional, particularly patient
outcome data, and so target standards may be
quite poorly validated. However, legal require-
ments are clear standards, and consensus guide-
lines from professional bodies are also a useful
source of target standards for clinical audit.
Sometimes, benchmarking derived from a range
of institutions may form the basis of a target stan-
dard. In this case, the standard may not be a fixed
number; instead it could be within a range, e.g.
within a set number of standard deviations of the
mean. This approach is based on the assumption
that performance will inevitably fluctuate over
time, but using an acceptable range avoids a
league table approach whilst still detecting per-
formance which is an ‘outlier’. In addition,
enough data has to be collected to make sure that
the assessment is comprehensive, fair and robust.
For radiologists, the ad hoc reporting of retro-
spectively discovered discrepancies or a sam-
pling method of second review of a percentage of
reports may be employed as part of quality assur-
ance of radiologists’ performance. However,
sampling and reporting variability may be sig-
nificant, the definition and proof of an error can
be variable and the statistical reliability of some
of these methods in respect of individual rather
than group performance, particularly when rely-
ing on ad hoc reporting of retrospectively identi-
fied discrepancies, is questionable (The Royal
College of Radiologists 2014). As evidence
accrues however, it should be possible to update
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and revise standards across the speciality of radi-
ology, and develop new ones where appropriate.
Professional bodies have an important role here
to avoid standards being set by those outside the
profession or speciality which may be unrealistic
or unachievable.

7 Ownership and Accuracy
of Audit Data

If audit is considered to be a professional rather
than regulatory activity, ownership of the data is
local, but it is of management interest. There is
a strong argument for personal anonymity in
audit because of the risk of blame, and even
intimidation or regulatory action which can lead
to a fear of audit, concealment and disengage-
ment from the process, but naturally patient pro-
tection issues may supersede anonymity in some
circumstances. The accuracy of audit data must
be realistically assessed, based on sample size
and methods wused, and not automatically
assumed to be a robust enough basis on which to
make major management decisions. Where
these are intended, additional preplanning of the
audit process is necessary in advance of data
gathering to ensure that it is fit for purpose, and
a sound basis for decision-making. In govern-
ment-funded healthcare systems, there may be
regulatory requirements to produce audit data
for benchmarking and policy decisions, but the
accuracy issues still pertain to their interpreta-
tion, and this needs to be taken into consider-
ation where it may be used for reimbursement
decisions. However, audit may reveal that
underinvestment is the cause of a failure to
reach the benchmark standard and here it can be
a powerful tool to present in a case for increased
investment in the service.

8 Education and Training

Clinical audit should be part of routine under-
graduate and postgraduate training so that it is
an expected part of professional life.
Unfortunately, it is not generally a ‘valued’

professional activity amongst doctors, unlike
research; and for older generations it may seem
a waste of time. The perception that time and
effort expended in carrying out audit is not
rewarded by proportionate professional recog-
nition has hampered the wider uptake of audit,
and moves to make it compulsory, either for
certification or reimbursement may be neces-
sary to stimulate the engagement of doctors.
The risk of non-engagement of radiologists, or
doctors as a whole, is that the standards will be
set by others, such as payers and governments,
who will have less understanding of the pro-
cesses than the professionals in that field. It is
in the interests of doctors that the accuracy and
relevance of any data collected are as robust
and relevant as possible, and the engagement
and voice of professional bodies are very
important to support this.
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Quality Metrics: Definition,
Creation, Presentation, and Use

Romeo Laroya Il and Ramin Khorasani

Advances in diagnostic imaging have helped revo-
lutionize the practice of medicine. These advances
have enhanced physicians’ understanding of dis-
eases, improved diagnostic accuracy, and contrib-
uted tremendously to patient care. However,
heterogeneity and on warranted variation in prac-
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can lead to some optimal quality of care, waste,
and a diminished patient experience of care.
Initiatives to close such performance gaps enhance
the value of radiologists and diagnostic imaging to
individual patients and to the healthcare system.
To improve quality, initiatives to define, mea-
sure, improve and monitor quality are critical. In
this chapter, we define quality, describe the impor-
tance of measuring quality and characteristics of
good quality metrics in radiology. We well describe
examples of diagnostic radiology quality metrics in
safety, timeliness, effectiveness, and patient cen-
tered domains. We will briefly describe the process
for creation, presentation, and distribution of quality
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metrics to enable managing and leading the changes
needed to improve the care of individual patients
and the performance of the healthcare system.
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Key Points

Diagnostic imaging has contributed substan-
tially to patient care and the practice of medi-
cine, but is accompanied by continuing gaps
in quality of care and patient safety.

The Institute of Medicine has defined six
domains of healthcare quality—safe, timely,
effective, efficient, equitable, and patient cen-
tered. Additional domains include measures
of “value” as well as evaluations of patient
experience and provider well-being.

Quality measures serve to identify and quan-
tify performance gaps, evaluate interventions
to improve performance, monitor and sustain
the gains achieved, and demonstrate account-
ability and value.

Measures for accountability and value should
optimally assess patient outcomes but process
measures can serve as effective tools for per-
formance improvement.

Good quality metrics are clinically meaning-
ful to good patient care, can be created and
maintained with high quality using available
data, are actionable, relate to a target for qual-
ity improvement, and have good validity and
reproducibility.

Exemplar measures for diagnostic radiology
include percent of critical results communi-
cated within appropriate predefined timeframes
(safety domain), timeliness of examination and
reporting completion, adherence to evidence-
based clinical practice guidelines (effective-
ness), and patient satisfaction with radiology
services (patient-centeredness).

Data from disparate database systems such as
the picture archiving and communication system
and electronic health record can be aggregated to
form a radiology data warehouse from which
quality measures can be constructed using visu-
alization and analytics software tools to populate
a performance dashboard or scorecards.

Quality measures alone are insufficient to
improve performance, which requires leading
and managing change to address technology,
processes, and behaviors (personnel).

1 Overview

Advances in diagnostic imaging have helped rev-
olutionize the practice of medicine. These
advances have enhanced physicians’ understand-
ing of diseases, improved diagnostic accuracy,
and contributed tremendously to patient care.
However, imaging studies are also associated
with potential safety risks including kidney injury
(Mitchell et al. 2012), allergic reactions from
intravenous contrast, and exposure to radiation
(Sodickson et al. 2009; Gee 2012). Despite ben-
efits, significant performance gaps remain in
diagnostic radiology relevant to quality of care.
In their seminal report, Crossing the Quality
Chasm, the Institute of Medicine (IOM) identi-
fied waste as a substantial feature of our health-
care delivery system (Institute of Medicine
2001). Heterogeneity and unwarranted practice
variation contribute to this waste. Variations in
diagnostic radiology practices are well docu-
mented and numerous. For example, in one large
urban emergency department (ED), use of head
CT for patients with trauma ranged by physician
from 7.2 to 24.5% of patient encounters (with a
single outlier of 41.7%) (Andruchow et al. 2012).
Nationally, among 34 million Medicare fee-for-
service beneficiaries in 2012, the average adjusted
CT utilization intensity ranged from 330.4 stud-
ies per 1000 beneficiaries in the lowest decile
hospital referral region (HRR) to 684.0 in the
highest decile HRR; adjusted MR imaging utili-
zation intensity varied from 105.7 studies per
1000 beneficiaries to 256.3 (Ip et al. 2015).

Even in a single radiology practice, substantial
unexplained variation exists among radiologists
in the frequency of follow-up recommendations
in radiology reports, such as for pancreatic
cysts—with a 2.8-fold difference in recommenda-
tion rates between readers (Ip et al. 2011), and in
adherence to evidence-based guidelines for fol-
low-up recommendations for pancreatic cysts
(Bobbin et al. 2017), pulmonary nodules (Lu et al.
2016), and renal masses (Maehara et al. 2014).
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Variations among radiologists in terminology
used to convey diagnostic certainty (Khorasani
et al. 2003; Hillman et al. 2004) can create ambi-
guity and confusion. Such unexplained and
unwarranted variations in practice of diagnostic
radiology can lead to suboptimal quality of care,
waste, and a diminished patient experience.
Initiatives to close such performance gaps will
enhance the value of radiologists and diagnostic
imaging in health care.

2 What Is Quality?

In 2001 as a part of Crossing the Quality Chasm
(Institute of Medicine 2001), the IOM identified
six domains of healthcare quality which have
come to frame the definition of quality in the

United States today:

e Safe: Avoiding harm to patients from the care
that is intended to help them.

o Effective: Providing services based on scien-
tific knowledge to all who could benefit and
refraining from providing services to those not
likely to benefit (avoiding underuse and mis-
use, respectively).

» Patient centered: Providing care that is respect-
ful of and responsive to individual patient pref-
erences, needs, and values and ensuring that
patient values guide all clinical decisions.

e Timely: Reducing waits and sometimes harm-
ful delays for both those who receive and
those who give care.

o Efficient: Avoiding waste, including waste of
equipment, supplies, ideas, and energy.

e Equitable: Providing care that does not vary in
quality because of personal characteristics
such as gender, ethnicity, geographic location,
and socioeconomic status.

More recently, additional domains have been
proposed, including those of value, as well as
evaluations of patient experience and provider
well-being. The IOM domains are not mutually
exclusive; several are interrelated and interven-

tions to improve quality in multiple domains have
the most leverage to improve overall healthcare
quality. For example, ensuring timely booking
and conduct of appointments for imaging proce-
dures will improve efficiency of the system (and
potentially equitable distribution of care) in addi-
tion to timeliness. However, improvements in
timeliness and efficiency should not come at the
expense of patient safety or effectiveness, and an
ability to perform more MRI and CT scans must
be coupled with assurances that only appropriate
orders are completed (i.e., be effective by refrain-
ing from providing services to those not likely to
benefit), and that unnecessary radiation exposure
and other patient safety risks are minimized.

3 Why Measure Quality?

“Quality” and “value” have become integral com-
ponents of the US healthcare regulatory, compli-
ance, and reimbursement systems. In order for
radiology to successfully compete for resources in
our rapidly changing healthcare system, we must
be able to measure, demonstrate, and continually
improve quality and value. However, measuring
quality is necessary but not sufficient to change
performance. “Insanity is doing the same thing
over and over and expecting different results”
(attributed to Albert Einstein). Therefore, to
improve performance (quality, safety, and effi-
ciency) and create value, we must successfully
manage change, changes that address people, pro-
cesses, and technology. Within this framework,
quality measures serve multiple purposes, includ-
ing to (1) identify and quantify performance gaps,
(2) evaluate interventions to improve performance,
(3) monitor and sustain the gains achieved, and (4)
demonstrate value or accountability (Boland et al.
2017), such as adherence to regulatory or accredi-
tation requirements. Measures for accountability
or value should optimally assess patient outcomes;
however, process measures can serve as effective
tools for performance improvement.
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Characteristics of Good
Quality Metrics

“Not everything that counts is measurable, not
everything that is measurable counts” (attributed
to Albert Einstein). In other words, not all pro-
cesses or desired outcomes can be measured, and
while a process could be measured, not all pro-
cesses can have meaningful effects to achieve the
desired outcome(s). It is also important to distin-
guish metrics (e.g., radiology report turnaround
time) from target performance (e.g., 80th percen-
tile at 6 h). Characteristics of good quality met-
rics include the following:

e Clinically meaningful: The motivation behind
a metric must be trusted by the people who
will be using it and affected by it. Gaining user
trust and support is significantly easier when a
metric is sincerely clinically meaningful to the
ultimate goal of good patient care. Aligning
and demonstrating how a metric will affect

BRIGHAM HEALTH
BRIGHAM AND
WOMEN’s HOSPITAL

BWH Diagnostic Radiology Dashboard
Week Ending: August 13, 2017

patients as well as the interests of the clinician
users will greatly improve impact. Metrics to
address compliance requirements are critical
to ensuring that necessary processes are in
place. However, compliance metrics alone
limit the opportunity to motivate clinically
meaningful changes in practice to create value
in healthcare delivery.
e Relates directly to a defined target for quality
improvement (QI): A metric must be clear and
focused on an objective for QI. To optimize
practice, measurement should be embedded in
change management initiatives to address
technology, people, and process gaps to enable
the desired goals. Simply measuring perfor-
mance may have short-term effects on perfor-
mance of some, but any such gains are likely
to be varied among users and unsustainable
over time.
Distinguish metrics from target performance:
A good quality metric enables adjustment of
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the performance target, when clinically or oper-

ationally relevant, to ensure continuous QI.

* FEasy to measure: This requirement seems
simple, but numerous complexities may be
encountered in accessing and comprehending
the data necessary to create a quality met-
ric. For example, if a metric is a proportion,
the data in the numerator and denominator
must be explicitly defined and measurable.
There are several important caveats to con-
sider. An important QI initiative in your prac-
tice may require data recording and capture by
people who observe or participate in your cur-
rent workflow. Such “manual” data collection
strategies are often used in QI initiatives.
However, to sustain any gains from such ini-
tiatives once the QI team has completed their
work, easily measured, system-generated data
will be needed to efficiently monitor the prac-
tice’s performance over time to help avoid
sliding back to prior behaviors, processes, or
outcomes.

An asset utilization metric for an expensive
capital asset such as MRI helps illustrate some of
the complexities. If the metric is % of time the
scanner is in clinical use, the numerator can be
the number of minutes a patient was in the
room (time stamp of patient entering the room
subtracted from the timestamp of the patient
leaving the room) for all the patients scanned
each day, divided by the denominator of the total
number of minutes the scanner was operational
that day. This may seem simple enough, but it
would require each timestamp for each patient be
accurately and consistently documented, and
available (easily extracted), and that expected
and unexpected scanner downtime be accurately
captured and available for calculation each day.
Also, inefficient or unnecessarily long imaging
protocols will not be apparent—a single patient
scanned all day in the scanner will result in a
100% capacity utilization, utterly underrepre-
senting the performance gap. Thus a second met-
ric may need to be added to measure the length of
each exam—which is by necessity varied across
different body parts and indications for the study.
Figure 1 illustrates a weekly scorecard of a capac-
ity utilization metric for CT and MRI, based on

the proportion of predetermined appointment

slots used at each imaging location at a large,

urban, academic medical center radiology prac-
tice, Brigham and Women’s Hospital (BWH), in

Boston, MA.

e “Easily” obtained: This attribute is particu-
larly important to the sustainability of a metric
and related QI efforts. The data needed to cre-
ate the metric should optimally reside in sys-
tems used in your practice, and the data should
optimally be extractable from your opera-
tional systems for reporting using commer-
cially available, off-the-shelf data visualization
tools. The more that data to construct a metric
can be automated, the more sustainable it is.
An important caveat is the limitation of most
systems used in clinical operations to visual-
ize and present data in meaningful forms suit-
able for QI initiatives. Practices focused on QI
will thus need to invest in data visualization
and analytics tools, and human resources
capable of extracting the needed data from
operational systems. The advent of machine
learning techniques such as natural language
processing (NLP) is helping certain metrics,
previously unsustainable over time, become
more feasible. For example, NLP can replace
manual chart review for indications when
assessing the appropriateness of MRI lumbar
spine examinations performed in the ED for
back pain. It is likely that artificial intelligence
will help further automate the creation of use-
ful metrics.

e Reproducible: A foundation of the scientific

process, a metric must be calibrated and
reproducible, measuring the same thing
consistently.

e Valid: Credibly measures the desired attribute.
For example, if a technologist enters the time-
stamp manually for each patient entering and
leaving a scanner, errors may occur by delays
in data entry or erroneous data entry into sys-
tems. The proportion of such erroneous data
can make a metric for patient exam time
invalid for QI or performance monitoring
purposes.

e Easy to explain: A metric’s ultimate purpose
is to be consumed by a user. If a metric is too



76

R. Laroya and R. Khorasani

Radiology Department Quality Dashboard '& % & réms

The Institute of Medic
n L @ ThamyY
Askeg FarT b Suferts b P cws Fat 8 erced o belo Sam Medcing was

et 810 T ) P 8.

ECANTABLE
Provicheng cars that o ol wary 11 raity oo of poral
it g R ecamen, wa

Mow @ of & ¢ B + 7 % b Gecheea?  seatgeny -

B et
ewtnd i

o Ratinos Owr Eposens Last Qs 0 Ovw 2 - —

£ ur m v b A 00 P

D e B

b 2w 3
S - Crtee Comoem res e '
S Actin L st . -
el K
PRS- Preeary v b e

O Compa e Saion AT

- A AN Ltk Yove

- R AN L e

S0 % | W gy e

o M v L R - —
i s it — s

of Health Care Guallty

* BATENT-CENTERED
oy ot g o e bl

e, e
P—

st et dseys b bt Some wt

e L PeLebmed Erien Cosind T s

Marncs wae Bewpert

P Satatation Practie Rk Las Mo | gy iy 4

1 %

% - % Satatuchon i Powiter Secrn Liat

[rispmpyys wo % | i ——

%P1 Bamaticton gt Corrests List | gy oy a8 —

Fig.2 Radiology Department Quality Dashboard at Brigham and Women’s Hospital

convoluted, despite how ideologically accu-
rate it may be, its message cannot be conveyed
in a meaningful manner so as to affect behav-
ior and, ultimately, meaningful change and
improvement.

e Actionable: A metric whose results cannot be
acted upon is useless as it will not produce the
desired change or improvement.

* A good quality metric enables identification
of performance gaps and opportunities for
improvement. If the ideal target performance
of a quality metric is achieved by all in your
practice, the metric is no longer a tool for
QL. Rather it may become a useful tool for
marketing your practice’s services. Thus a
useful metric should help identify processes,
behaviors, or outcomes that should be
improved.

5 Examples of Imaging Quality
Metrics

Quality measures for diagnostic radiology can be
defined in each of the six IOM domains of qual-
ity. A recent report of the American College of
Radiology’s Economics Committee on value-
based payment models also provides a very use-

ful framework for developing clinically
meaningful metrics for your practice (Boland
et al. 2017). As one example, Fig. 2 displays a
“dashboard” of key quality, safety, and perfor-
mance metrics for the Radiology Department at
BWH, arrayed by IOM quality domain. The sub-
sections that follow review exemplar imaging
quality metrics in several domains.

5.1 Safety

Failure to promptly communicate critical imag-
ing test results is not uncommon and such delays
are a major source of malpractice claims in radi-
ology and a potential source of patient harm.
Therefore, communication of critical results from
diagnostic procedures between caregivers was
named a 2011 Joint Commission national patient
safety goal. BWH established an enterprise-wide
communication of Critical Test Results policy for
communication of critical imaging results
(Khorasani 2009), and developed an automated
system, Alert Notification of Critical Results
(ANCR), designed to facilitate such communica-
tion (Lacson et al. 20144, b, 2016; O’Connor et al.
2016). Nearly 50,000 critical result alerts are gen-
erated annually; >98% have closed loop acknowl-
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Fig.3 Weekly scorecard of performance indications for CT and MRI for emergency department and inpatients

edgement within the timeframe stipulated by
BWH policy. The BWH dashboard tracks the
daily percentage of critical results with closed
loop acknowledgment within BWH policy param-
eters, critical results (‘alerts’) acknowledged over
time, as well as the number of alerts that are over-
due (unacknowledged beyond the timeframe stip-
ulated by BWH policy parameters). Target
performance is >95% of critical results acknowl-
edged within policy timeframe (1 h for Level 1 or
red alerts; 3 h for Level 2 or orange alerts; 15 days
for Level 3 or yellow alerts) (Lacson et al. 2014Db).

5.2 Timeliness

These metrics should be created and measured for
various modalities and care settings. At BWH,
timely ambulatory MRI access is defined as the
third available outpatient appointment. The third
appointment is used because using the next avail-

able appointment invariably overstates capacity,
as one or two cancellations occur daily. This is
also congruent with how the healthcare delivery
system reports outpatient access to other special-
ists. Inpatient and ED MRI access is defined by
the time it takes from an examination request until
it is performed (target performance: 90% of
exams performed within 5 and 12 h, respectively).
Clicking on the summary measure for ED or inpa-
tient access on the dashboard’s home page (Fig. 2)
links to a more detailed weekly scorecard of per-
formance for CT and MRI for ED and inpatients
(Fig. 3) that depicts performance for these met-
rics. At most practices, this information resides in
the Radiology Information System (RIS). At
BWH, because of the full adoption of an elec-
tronic health record (EHR) and embedded com-
puterized provider order entry (CPOE) system for
all imaging studies, the request time is taken from
the CPOE database, and the examination comple-
tion is taken from the RIS module of the EHR.
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Fig. 4 (a) Scorecard of hours from preliminary to final
(PtoF) report vs. %trainee-generated reports by subspe-
cialty division, January—June, 2017. (b) Scorecard of the

Various timeliness of interpretation metrics
can be constructed with data obtained from the
RIS or report generation databases (e.g.,
speech recognition solutions), depending on
the practice setting. These measures span the
timeliness and efficiency domains of quality.
Examination and report milestones can be des-
ignated as follows: (1) examination complete
(all images obtained), (2) examination dictated
by the radiologist, (3) report transcribed and
ready for the radiologist’s signature, and (4)
report signed and finalized by the radiologist.
The time interval between each milestone
describes practice or individual radiologist
performance for the timeliness of reporting.
For example, the time from completion to
finalization depicts report turnaround time,
while the time from transcription (a report in
preliminary status created by a trainee, or in a
small and diminishing number of practices
where a transcriptionist translated the voice
file into text for edit and signature by the radi-

number of imaging studies completed each hour of each
day (averaged over January—June, 2017)

ologist) to finalization refers to radiologist sig-
nature time. With the use of speech recognition
technology, the time from dictation to tran-
scription may be irrelevant at many practices.

The BWH Radiology Dashboard tracks the
hours from preliminary to final report (prelimi-
nary reports are generated by a trainee), as well
as the hours from examination completion to
final report. Target performance for signature
time is 90% of reports within 6 h, 7 x 24 x 365
inclusive of all care settings—ED, inpatients, and
outpatients. Clicking on the summary measure
on the dashboard’s home page (Fig. 2) links to a
more detailed analytics module displaying vari-
ous additional complementing metrics such as
proportion of reports generated by trainees in dif-
ferent radiology subspecialty divisions (Fig. 4a)
or the number of imaging studies completed each
hour of each day (averaged over a predefined
time period) to enable optimization of the radi-
ologist workforce for timely delivery of needed
clinical care (Fig. 4b).
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Category

Registration

Test or Treatment

Personal Issue

Care Provider
Facility

Overall assessment

NA 40% NA 44% NA

Fig.5 Brigham and Women’s Hospital (BWH) patient experience heat map. % of patient comments that are negative;

by category and by imaging center

5.3 Effectiveness

Measures in the domain of effectiveness assess
whether services are provided based on scientific
knowledge to those who could benefit and not
provided to those not likely to benefit (avoiding
overuse and waste). Numerous measures are
possible to assess the appropriateness of the
radiology examination ordered (“the right proce-
dure”), e.g., the % of appropriate head CT orders
among ED patients with head trauma. For most
radiology practices, the determination of appro-
priateness can typically be made by comparing
the order indications to appropriate use criteria,
such as the American College of Radiology
(ACR) Appropriateness Criteria® (American
College of Radiology 2017), or to published evi-
dence-based or local best practice guidelines.
Such metrics for adherence to evidence can be
constructed and wused in QI initiatives.
Multifaceted health information technology-
enabled QI initiatives can improve adherence to
evidence-based guidelines during the radiology
test ordering process (Gupta et al. 2014; Raja
et al. 2014; Ip et al. 2014), reaching 85% adher-
ence to Wells criteria when ordering chest CT
for pulmonary embolism in the ED and 96%
adherence to American College of Physicians
guidelines for use of MRI in primary care

patients with low back pain. Similar multifac-
eted interventions have been shown to improve
report signature time (Andriole et al. 2010),
quality of multiparametric prostate MRIs
(Silveira et al. 2015), and quality of rectal cancer
staging MRI reports (Sahni et al. 2015). Tracking
and improving appropriate use of imaging will
be an important focus of QI initiatives and poten-
tial target of federal regulations (Protecting
Access to Medicare Act of 2014) as we transi-
tion from transactional healthcare financing to
value-based payment systems.

Most practices have some program for inter-
pretation accuracy as part of their quality assur-
ance programs. More recently, information
technology (IT) solutions have been developed
and implemented at some practices. The ACR’s
RADPEER® system is an example of such a pro-
gram and can be integrated into a picture
archiving and communication system (PACS).
While interpreting a current examination, a radi-
ologist can review the report of a prior examina-
tion and agree or disagree with the prior
interpretation. The substance of the disagreement
can also be graded. Using such software, one can
create metrics at the practice or individual radi-
ologist level, using peer-reviewed agreement or
disagreement as a proxy for accuracy of
interpretation.
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5.4  Patient Centered

Although debate persists regarding survey con-
tent, timing of survey administration, and rele-
vant risk adjustment methodologies, there is
evidence that self-reported measures of patient
experience are distinctive indicators of healthcare
quality (Manary et al. 2013). Thus engaging
patients and eliciting their feedback to motivate
improvements have become major initiatives
across the nation’s healthcare delivery systems.
However, there are few reports of such initiatives
in radiology. Surveys are typically delivered to
patients on paper or electronically, using standard
survey content to enable comparison between
peer institutions. Results of surveys are presented
as mean patient satisfaction scores and percentile
rankings when compared to peer institutions.
Free text comments from patient respondents can
be categorized as negative, positive, or mixed.
Given the multitude of imaging locations within
some practices (distributed by physical location
and modality for example) it is possible to create
a heat map based on the percentage of surveys
with negative patient comments to identify tar-
gets for performance improvement (Fig. 5).
Though it remains to be seen if such an approach
can help improve patient satisfaction perfor-
mance, experiments with various strategies to
engage and train the workforce to improve patient
interactions will be needed to shape optimal
intervention to address this import quality
domain.

6 Creation, Presentation,
and Distribution of Quality
Metrics

In a typical practice, multiple health IT systems
are used in clinical operations. In radiology, such
systems include the EHR, RIS module, report
generation system (e.g., speech recognition sys-
tem), and PACS, among others. Each system has
its own database, often with different definitions
for similar data/milestones. Combining the data
from these various databases can provide a very
useful infrastructure for developing metrics.

However, in reality, informatics challenges as
well as needed human resources with appropriate
skills hamper such an approach in many
organizations. Still, the most practical approach
for quality metrics creation and reporting requires
creating a new database (a data warehouse), popu-
lated by data from the disparate systems in use
(Prevedello et al. 2008). Business intelligence
refers to the set of tools needed to integrate, store,
analyze, and present data from nonintegrated
sources. Integration is a key process step to ensure
that data from different sources are checked for
consistency and subsequently converted into a
unified format. This integration is referred to as
Extract Transform Load (ETL) process and can
be used to extract data from each database to pop-
ulate the data warehouse. This process can be
enhanced to normalize data across the varied
operational databases to help automate the near-
real-time population of the data warehouse.

The normalization of data is needed to mini-
mize heterogeneous encoding of data across vari-
ous databases. A simple example is to validate
and ensure that a milestone called “exam begin”
in one system is or is not the same as “‘exam start”
in another operational system. Such attention to
detail is critical when creating the data warehouse
to help ensure that metrics can ultimately be clini-
cally relevant, accurate, and reproducible.
Relational databases, where data are represented
in numerous related tables, are very common but
are not ideal for ad hoc analysis because of addi-
tional needed data processing to easily understand
the results of queries. Another method of organiz-
ing the data is using multidimensional data cubes
using On-Line Analytical Process (OLAP) tools
to enable the user to better understand the results
during ad hoc queries. Relational databases can
thus be enhanced by connecting to OLAP tools to
enable easily understood real-time queries to the
data warehouse (Prevedello et al. 2010). Once the
data warehouse is created, analytic and visualiza-
tion tools can thus leverage the normalized data in
the warehouse to create near-real-time views of
desired metrics. Although definitions are some-
what arbitrary, a dashboard often refers to near-
real-time, online view of performance measures,
analogous to a speedometer in an automobile. A
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scorecard, in distinction, will refer to a static view
of performance updated at some predetermined
interval (e.g., weekly, monthly). Analytics tools in
contrast enable a user to create numerous custom
queries of the data warehouse as needed. Figure 1
represents the current BWH quality “dashboard”
with key quality, safety, and performance indica-
tors on the home page with some updated daily,
others weekly or monthly.

7 Managing Change

Creating and publishing the results of quality
metrics alone is highly unlikely to result in sus-
tainable meaningful improvement in your prac-
tice. Rather, performance improvement requires
managing change in your practice, including
leaders who can address technology, process, and
people issues to create and sustain gains. Within
such a change framework, quality measures are a
necessary, but not sufficient, tool. Successful
change management is a discipline to its own and
requires dedicated skills and resources (Khorasani
2004; Kotter 1995), a topic beyond the scope of
this chapter.

Conclusion

National initiatives (Choosing Wisely—
An Initiative of the ABIM Foundation
[Internet] 2015; Medicare Access and CHIP
Reauthorization Act of 2015 (MACRA)
[Internet] 2015) are under way to improve
quality, reduce waste, and transform the
healthcare system from its current transac-
tional payment model to one based on quality
and value. Measuring, monitoring, and report-
ing radiology quality measures, combined
with multifaceted change management initia-
tives to address information technology, care
processes, and behaviors (people) of provid-
ers who order radiology studies, and those
who perform and interpret them, can encour-
age and enable evidence-based practice,
improve quality and patient experience of
care, and reduce waste. Additional research
will continue to inform best practices to
develop, measure, and employ quality mea-

sures as part of meaningful interventions to
improve the healthcare delivery system.
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Abstract

A core principle of quality improvement for
better outcomes is consistency. With the
increased use of medical imaging, incidental
findings are more commonly being discov-
ered. There is significant variability in the
reporting and follow-up regarding incidental
findings. This can lead to confusion for the
referring physician unless specific guidance is
offered by the radiologist. Other guidelines
have also been developed for specific condi-
tions and to help guide the management of the
patient. The development, implementation,
and use of guidelines can help foster consis-
tency and lead to quality improvement.

In this chapter, the scope of the problem
and process for development of guidelines
will be addressed. Medicolegal and ethical
implications of using guidelines are also dis-
cussed. Quality is enhanced by decreasing
variation in practice and guidelines are an
important tool. Guidelines should be broadly
acceptable, easy to access, and straightfor-
ward to understand and apply. Development
of guidelines under the auspices of estab-
lished professional societies allows for
endorsement and dissemination of recommen-
dations. Radiologist adherence to guidelines
can enhance informed decision-making,
decrease variations in recommendations,
decrease cost, and limit medical liability. This
has potential to provide standardization, to
improve patient care, and to improve confi-
dence of the referring physicians.
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1 Scope of the Problem

The use of medical imaging has increased rapidly
in the past several decades, although that trend
has recently flattened (Baker et al. 2008; Smith-
Bindman et al. 2008). That increase has been
accompanied by an improvement in image qual-
ity and a substantial expansion of the knowledge
about the implications of both primary findings
and incidental findings. This expansion of knowl-
edge has led to efforts to analyze, systematize,
and operationalize complex knowledge to make
it more easily consumable. This includes multi-
ple criteria used to manage specific conditions,
such as indications for liver and cardiac trans-
plantation and placement on transplant waiting
lists.

To address these issues, there has been a pro-
liferation of guidelines and recommendations
because one of the core principles of quality
improvement to improve outcomes is consis-
tency, which guidelines can foster. Such guide-
lines are most often created under the auspices of
established professional societies. Without clear,
acceptable, accessible, easily applicable guide-
lines at least partly integrated into the physicians’
workflow, independent radiologists tend to
develop their own subjective and inconsistent cri-
teria for managing them (Berland et al. 2014).
Given these challenges, the process of develop-
ing and applying guidelines is still rapidly
evolving.

2 Guidelines for Incidental
Findings

Incidental findings, defined as findings that are
unrelated to the patients presenting symptom or
diagnosis (Berland 2011; Berland et al. 2010),
are one source of inconsistent practice and are
increasingly being discovered on CT and MRI
scans. These incidental findings are an inevitable
product of radiologists being taught to carefully
scrutinize each examination during their training
(Brown 2013).

The remarkable detail provided in modern
imaging has led to a reassessment of the natural

history of many diseases. For example, the rec-
ognized incidence of thyroid cancer has more
than doubled over the last 30 years, which is
thought to be because of increasing use of thy-
roid ultrasound (Davies and Welch 2006; Cronan
2008). Similarly, a 61% increase in renal cell
cancer diagnosis is attributed to their incidental
discovery on CT scans performed for other rea-
sons (Berland 2011). While some incidental
findings are clinically important and can lead to
interventions that may change the course of the
disease, many such findings would never affect
the patient’s health if not recognized and no
intervention was performed (Berland 2011;
Berland et al. 2010).

Regarding CT colonography, several studies
have reported detection of incidental findings in
41-98% of cases, with clinically significant find-
ings in 5—18% of the cases (Pickhardt et al. 2008;
Yee et al. 2010; Berland 2009a; Hara et al. 2000;
Xiong et al. 2005, 2006; Hellstrom et al. 2004;
Hassan et al. 2008a; Liu et al. 2005; Song et al.
2012; Flicker et al. 2008; Gluecker et al. 2003;
Veerappan et al. 2010; Kimberly et al. 2009), but
with a higher frequency of clinically significant
findings in symptomatic patients (Berland 2009a;
Hara et al. 2000; Xiong et al. 2005, 2006;
Hellstrom et al. 2004). The detection of inciden-
tal findings increases with the patient’s age
(Furtado et al. 2005), being found in nearly
everyone over the age of 70. The percentage of
patients subjected to procedures for managing
incidental findings ranges from 2 to 11%
(Pickhardt et al. 2008; Xiong et al. 2005). In a
retrospective review of 2195 patients who under-
went screening CT colonography, further workup
was required in 6.1% of the patients for inciden-
tal findings including additional imaging, nonin-
vasive and invasive procedures (Pickhardt et al.
2008). Benign, insignificant findings were con-
firmed in most patients and only 2.5% had rele-
vant new diagnoses (Pickhardt et al. 2008).

In abdominal CTs other than CT colonogra-
phy, clinically significant incidental findings
were found in 18% of patients undergoing CT
urography for evaluating hematuria (Liu et al.
2005) and in 10.3% of patients undergoing a
CT angiography for renal donor candidates
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(Maizlin et al. 2007). In a review of 1295
patients who underwent CT for hematuria, 214
(16.5%) important incidental findings were
found in 143 (11.0%) of the patients leading to
invasive procedures in 30 patients and further
evaluation without invasive procedures in 63
patients, which lead to a therapeutic benefit in
25 patients and serious complications in 6
patients (Morgan et al. 2015). In another study
of 1192 patients undergoing whole body CT
screening, 37% of the patients had recommen-
dations for further testing (Furtado et al. 2005).

Regarding chest CT examinations, the detec-
tion of lung nodules, emphysema, coronary
artery disease, and thyroid nodules are the most
commonly  reported incidental  findings
(MacRedmond et al. 2004). In patients undergo-
ing screening chest CT, the rate of detecting inci-
dental findings varies from 19.2 to 62%
(MacRedmond et al. 2004; Kucharczyk et al.
2011). Extracardiac incidental findings at coro-
nary CT angiography are discovered in 25-61%
of patients (Lee et al. 2010; Sosnouski et al.
2007; Machaalany et al. 2009).

3 Inconsistencies in Managing
Incidental Findings

Determining how to handle incidental findings can
be confusing for the treating physician unless spe-
cific guidance is offered by the radiologist (Berland
2011). The reporting and follow-up of incidental
findings is inconsistent (Obuchowski et al. 2007).
In a report describing how 27 academic radiolo-
gists at 3 major academic centers manage inciden-
tal findings, the rate of agreement ranged from 30
to 85% (Johnson et al. 2011). Another study of 5.9
million radiology reports showed significant varia-
tion in the recommendation rates for additional
imaging within a single department (Sistrom et al.
2009). After publication of the Society of
Radiologists in Ultrasound (SRU) Consensus
guidelines regarding adnexal cystic lesions, recom-
mendations for additional imaging dramatically
decreased (Ghosh and Levine 2013; Levine et al.
2010). Inconsistencies in how radiologists handle
incidental findings are problematic and may

diminish radiologists’ credibility and perceived
value (Brown 2013; Johnson et al. 2011; Eisenberg
et al. 2010; Megibow 2011). Problems arise due to
varying reporting patterns that lead to inconsisten-
cies in documentation and clinical care (Johnson
et al. 2011; Eisenberg et al. 2010). The variation
frustrates referrers who may choose to ignore the
recommendations (Boland et al. 2011). Referring
physicians may regard recommendations for addi-
tional imaging as a form of “self-referral” (Kilani
et al. 2011). Recommendations made by the radi-
ologist acting in his or her role as a consultant can
offer helpful information and guidance to the
patient and treating physician (Silverman et al.
2008). Guidelines can help decrease variations in
follow-up recommendations.

So, applying recommendations as inconsis-
tently as is currently practiced cannot generate
the highest quality care and may not continue to
be tolerated by government and other regulatory
organizations. The passage of MACRA (2016),
mandating merit-based incentive payment sys-
tems or alternative payment models, imposes
quality requirements that include metrics that are
regularly updated, and include adherence to some
ACR incidental findings recommendations
(PQRS measures #405, and #406, which can be
accessed online from CMS.gov).

Sparse data are present to suggest what
drives how a radiologist handles incidental
findings. While younger radiologists are more
likely to recommend additional imaging exam-
inations than their more experienced col-
leagues (Sistrom et al. 2009), less experienced
radiologists are more likely to follow guide-
lines (Eisenberg et al. 2010). Perhaps the
greater compliance in following guidelines is
because of their greater familiarity with them
(Eisenberg et al. 2010). One study showed that
radiologists who were abdominal specialists
complied with reporting renal critical results
93% of the time versus only 57% for non-
abdominal specialists (Maehara et al. 2014).
Variation in recommendations for additional
imaging is multifactorial, including the radiol-
ogist’s diagnostic confidence, experience, sub-
specialty expertise, perception, and fear of
litigation (Boland et al. 2011).
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4 Guidelines for Other
Conditions

Numerous guidelines have been developed to help
diagnose and manage specific conditions other
than incidental findings, including (1) pregnancies
of unknown location or viability (Doubilet et al.
2014), (2) low-radiation-exposure CT for lung
cancer screening using the Lung-RADS guide-
lines (American College of Radiation 2016), (3)
Li-RADS for hepatocellular carcinoma in patients
with cirrhosis (American College of Radiology
2014), (4) thyroid nodules regarding whether they
should undergo fine needle aspiration (Ghosh and
Levine 2013), (5) image-based cancer staging, and
(6) categorization to assist management, such as
the American Association for the Surgery of
Trauma (AAST) system for grading organ trauma.
The purposes of these guidelines are strik-
ingly varied, although all attempt to organize dis-
parate and controversial data and opinions. The
guideline on pregnancy of unknown location or
viability reflects the results of an SRU consensus
conference reviewing a complex set of findings
where recommendations had been fragmented
into a large number of papers with conflicting
information (Doubilet et al. 2014). The guideline
on lung cancer screening is based on Lung-
RADS and reflects the need to collect a large set
of data in high-risk patients to determine the
patient’s specific risk of having a lung cancer
(American College of Radiation 2016). This data
also is required to populate a registry. The
Li-RADS guideline provides a lexicon and
describes a number of criteria that rate the prob-
ability that a patient with cirrhosis and liver
lesions has hepatocellular carcinoma, helps
determine therapy and helps place patients in the
appropriate positioning on liver transplant lists
(American College of Radiology 2014).
Guidelines for determining the need for fine
needle aspiration of thyroid nodules are among
the most controversial because there are strong
disagreements regarding the need to aggressively
pursue a condition with such a high rate of cur-
ability. Therefore, existing guidelines vary con-
siderably and lead to confusing guidance for
radiologists performing neck ultrasound. Cancer
staging has been performed for decades, but the
radiologist’s role in staging has been expanding,

mostly because cross-sectional imaging provides
so much valuable information that affects staging
and treatment. Categorizations systems such as
the AAST organ trauma grading system help tri-
age the severity of injuries and help determine
whether surgical intervention is appropriate.
Additionally, grading is required for accredited
trauma institutions.

What all of these scenarios have in common is
that they represent complex sets of multiple
imaging and clinical features that must be evalu-
ated in combination to arrive at a potential action.
The need for having these guidelines in a form
that is easy to refer to reflects that these guide-
lines can rarely be memorized by radiologists of
varying experience and even if they can be
remembered, following defined pathways would
be a very challenging mental exercise without
visually referring to the algorithms.

5 Medicolegal Implications
of Using Guidelines

Managing incidental findings is a dilemma for the
radiologist, treating physician, patient, and
patient’s family. The chance that an incidental
finding could represent a lethal carcinoma is <1%
(Welch 2011). Evaluating incidental findings is of
uncertain benefit as the findings vary in clinical
importance, but can lead to a series of tests with
increased cost, patient anxiety, decreased produc-
tivity, and morbidity (Berland et al. 2010; Berland
2009a; Morgan et al. 2015; Casarella 2002; Ding
et al. 2011). On the other hand, if an incidental
finding is not mentioned in the radiological report
and in the unlikely event that the finding turns out
to represent a significant disease, then the patient’s
health has been jeopardized and medical malprac-
tice litigation could ensue (Berlin 2011). In the
New York Appeals Court decision declared over a
century ago that has served as the foundation for
informed consent between a patient and doctor,
Justice Benjamin Cardozo stated, “Any human
being of adult years and sound mind has a right to
determine what shall be done with his own body
(Court of Appeals of New York 1914).” The Code
of Ethics of the American Medical Association
says, “The physician’s obligation is to present the
medical facts accurately to the patient... Physicians
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should disclose all relevant medical information to
patients (AMA’s Council on Ethical and Judicial
Affairs 2006).” The fear of medicolegal conse-
quences may be the reason for pursuing incidental
findings (Berland 2011; Berlin 2011). Radiologists
do not want to get sued or harm the patient and the
tendency is to report all incidental findings. This
may result in overdiagnosis, which is the diagnosis
of a disease that will not cause the patient’s symp-
toms or death (Esserman et al. 2013).

The most common reason to pursue an inciden-
tal finding is to differentiate benign from poten-
tially serious conditions (Berland et al. 2010).
While most incidental findings prove to be benign,
there is an unwillingness of many physicians to
accept uncertainty even when the chance of a seri-
ous diagnosis is extremely unlikely (Berland et al.
2010; Hillman 2015). However, it should also be
appreciated that not all clinically important inci-
dental findings are suspicious for malignancy,
such as abdominal aortic aneurysms. One study
representing a Monte Carlo simulation suggested
that in a theoretical group of 100,000 patients there
would be a 2292 life years gained, but only 13% of
them from early identification of cancers, with
much of the remainder from early detection of
abdominal aortic aneurysms (Hassan et al. 2008b).

The unwillingness to accept uncertainty is
driven in part by paucity of data and lack of algo-
rithms for diagnostic and treatment strategies
(Berland et al. 2010). Despite our best intentions,
the anxiety provoked by the fear of a missed can-
cer may lead to overtreatment (Heath 2014;
Gawande 2015). However, it is important to con-
sider anxiety that may be caused to a patient by
forgoing the workup of a lesion with very low,
but greater than no, chance of malignancy (Ding
et al. 2011). What has the greater risk—not to
biopsy and potentially miss a cancer or to con-
tinue on the path to feel compelled to know the
diagnosis of every lesion with absolute certainty
(Esserman and Thompson 2010)? Is there a rea-
sonable threshold of risk below which reporting a
finding has a substantial risk of doing more harm
than good? The dilemma of overdiagnosis has
been asked as, “What is responsible use of infor-
mation that nobody asked for but once found is
difficult to ignore? (Fletcher and Pignone 2008).”

Patients may opt to test for low-probability
conditions despite costs, anxiety, and risks, a

decision that is often supported by their physician
(Brown 2013). Some authors suggest, “Patients
would be better served if physicians limited their
access to unsolicited diagnostic information (Volk
and Ubel 2011).” The decision to pursue incidental
findings are framed by the individual patient’s val-
ues, perceived severity and significance of the con-
sequences, and unique life experiences (Brown
2013). There has been a shift from autocratic phy-
sician ownership of medical decisions to enhanced
autonomy of the patient with shared decision-
making (Barry and Edgman-Levitan 2012; Epstein
and Peters 2009; Truog 2012). Physicians are obli-
gated to discuss risks with patients; however, there
could be potential harms in divulging extraneous
information (Brown 2013). This information may
be confusing and distressing to the patient as well
as to their physician (Brown 2013), and carries the
risk of unnecessary medical testing and of distract-
ing attention and time from considering more
important findings.

It has been recently suggested that radiologists
should consider “rethinking normal,” perhaps
refraining from reporting some findings that have
virtually no chance of being clinically important
(Pandharipande et al. 2016). The ACR white
paper on thyroid incidental findings also sug-
gested that some incidentally discovered thyroid
nodules should not be referred for examination
with a complete diagnostic ultrasound (Hoang
et al. 2015). Also, the SRU consensus paper on
adnexal US recommends not reporting small
physiologic cysts. Such proposals have some-
times been met with determined opposition. For
example, Dr. Leonard Berlin stated in his letter to
the editor of JACR regarding the suggestion to
not, for example, report small benign-appearing
renal cysts: ““ ...‘do not report” means to ignore, a
word defined in the dictionary as ‘to refuse to take
notice...to neglect.” The noun neglect is synony-
mous with negligence, which in the courtroom is
equivalent to malpractice” (Berlin 2016). Drs.
Turano and Cummings pointedly stated in their
comment on the incidental findings paper in JACR
in the journal Thyroid: “Withholding this infor-
mation, because it is believed that it may cause the
patient more harm to know about their condition,
reeks of paternalism and leaves out the patient
and treating physician — both key stakeholders in
the process of informed decision-making.”
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(Tufano et al. 2015). The ACR has also recently
initiated “ACR Engage” [<engage.acr.org>],
which is an online forum for ACR members, and
there has been a lively, often polarized, discussion
of this topic. We disagree with these objections,
but a change in mindset and further evidence may
be required to alter the ingrained practice that
everything seen should be reported.

Radiologists should attempt to adhere to a
standard of care that is “usual and customary in
the local or national community, under the same
or similar circumstances” (Berlin 2011). This can
be done by consulting the published scientific lit-
erature to determine if there is a “usual and cus-
tomary manner” in which other radiologists deal
with an incidental finding (Berlin 2011).
Guidelines can help the patient, radiologist, and
treating physician navigate through the manage-
ment of incidental findings. The radiologist has a
crucial role in determining how incidental find-
ings are handled as well as educating the patient
and treating physicians (Brown 2013).

One commonly cited concern is that if a patient
is managed for a condition for which a guideline
exists, but is not followed, that there is an increased
medicolegal risk to the diagnosing and treating
physicians if there is a bad outcome. While this is a
sensible fear, there are a number of mitigating fac-
tors limiting such risk. Healthcare providers are
expected to adhere to a standard of care (SOC), not
specifically to published guidelines for specific
conditions. Indeed, statements that they should not
be used to establish the legal standard of care in any
particular situation accompany most guidelines.
They may also be sometimes ruled to be inadmis-
sible as evidence. In many cases, it can be argued
that adhering to such guidelines is not (at least yet)
the SOC. Guidelines for similar conditions issued
by various specialty societies sometimes conflict
and so guidelines for such conditions may not be
definitive. Many guidelines are based on relatively
weak evidence and their validity can be called into
question. Guidelines cannot specify all of the com-
plicating factors and comorbidities that exist in
individual patients and may not apply. Furthermore,
aspects of some guidelines are often outdated rela-
tively soon after they are issued. The purpose of
guidelines is to improve consistency of practice
with reasonably well-founded medical principles,
not to be used to establish legal precedent.

Guidelines should be perceived as just that—
guides, rather than rules to which physicians are
required to adhere. If guidelines are not followed
in any particular instance, it is helpful for the
radiologist or treating physician to indicate that
they are aware of such guidelines, but diverged
from them for a particular reason.

Regardless of the arguments as to whether the
existence of guidelines places radiologists or
referring physicians at risk, they do exist and the
number of them is even increasing, so physicians
should take an interest in becoming more aware
of ones that are relevant to their practice. Finally,
up to the present, the number of legal actions that
have been brought that could be attributed to fail-
ure to follow published guidelines is very
limited.

6 Costs Associated
with Managing Incidental
Findings

Given the current climate of rising healthcare
costs and efforts for cost containment, we must be
aware of the costs associated with managing inci-
dental findings. The balance of additional workup
and the associated costs and potential patient mor-
bidity must be handled judiciously. Several stud-
ies have attempted to assess the burden of extra
costs generated with management of incidental
findings. Most of the published literature regard-
ing the economic burden of managing incidental
findings is centered on the CT of the chest, abdo-
men, and pelvis. Regarding CT colonography,
multiple studies reported additional costs associ-
ated with the incidental finding of $13 to $248 per
scan (Pickhardt et al. 2008; Yee et al. 2010; Hara
et al. 2000; Xiong et al. 2005; Flicker et al. 2008;
Gluecker et al. 2003; Veerappan et al. 2010;
Kimberly et al. 2009). In abdominal CT (non-CT
colonography) examinations, the costs associated
with incidental findings range from $35 to $385
per patient (Liu et al. 2005; Maizlin et al. 2007;
Morgan et al. 2015). Costs for investigating inci-
dental findings discovered on chest CT ranges
from $17 to $86 (Lee et al. 2010; Machaalany
et al. 2009). Most authors indicated they believed
they were underestimating costs as they were
focused on costs generated by additional imaging
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studies rather than the surgical procedures, hospi-
talizations, and other non-imaging diagnostic pro-
cedures that were the result of the incidental
findings (Morgan et al. 2015). The vast majority
of the costs are related to invasive procedures in a
small percentage of patients (Morgan et al. 2015).
Reporting recommendations for management of
incidental findings can direct cost-efficient and
-effective care (Morgan et al. 2015).

7 Processes for Developing
Guidelines

Practice guidelines provide a framework that, if
widely accepted and utilized, can disseminate
best practice among peers. Ideally, practice guide-
lines should be built on high quality medical evi-
dence, with randomized control trials of patient
outcomes generally being considered the highest
level of evidence (National Institute for Health
and Clinical Excellence 2012; Schunemann et al.
2008). The United States Institute of Medicine
defines clinical practice guidelines as “‘statements
that include recommendations intended to opti-
mize patient care that are informed by a system-
atic review of evidence and an assessment of the
benefits and harms of alternative care options”
(Institute of Medicine 2011). Clinical practice
guidelines have also been described as “system-
atically developed statements to assist practitioner
and patient decisions about appropriate health
care for specific clinical circumstances” (Woolf
et al. 1999). Thorough and systematic review of
evidentiary research studies should be well docu-
mented as pillars of guidelines. The quality of the
evidence should also be taken into consideration.

The degree to which medical evidence may
drive development of guidelines depends on the
nature of the intended guideline (Brink 2010).
Guidelines for specific disease processes are more
likely to be based on evidence than are guidelines
for medical imaging (Brink 2010). In diagnostic
imaging, randomized control trials are not always
the most appropriate type of evidence (Zuiderent-
Jerak et al. 2012; Reed 2015). Historically,
advances in radiology have been made through
descriptive studies rather than randomized con-
trolled clinical trials. Practice guidelines for med-
ical imaging relies more on the consensus opinion

of a panel of experts to fill in the gaps of medical
evidence (Brink 2010). Unfortunately, for topics
such as incidental findings, there is a scarcity of
high quality medical evidence, or often even any
evidence at all. This leads to the necessity to
develop recommendations that are based on
expert consensus opinions. These may not be as
highly regarded as formal guidelines, but they can
improve uniformity in clinical practice.

Various techniques have been used to
strengthen the value of expert opinion. The
American College of Radiology uses the modi-
fied Delphi procedure for establishing appropri-
ateness criteria for imaging procedures. In this
technique, expert panel members are presented
with an evidence table and narrative that relates
to the clinical condition. Each expert individually
answers questionnaires in two or more rounds
with an anonymous summary of the results
between each round. This method allows for each
panelist to articulate his or her voice without the
peer pressure of in-person meetings and discus-
sions (Brink 2010).

The ACR Incidental Findings Committee
determined the most efficient way to codify and
disseminate guidelines for management of inci-
dental findings was a consensus-based process
leading to developing white papers (Berland
2011; Pandharipande et al. 2016; Patel et al.
2013; Khosa et al. 2013; Heller et al. 2013;
Sebastian et al. 2013), which are defined as
authoritative reports issued by organizations. The
committee used a consensus method based on
repeated reviews and revisions by a panel of
experts utilizing the best scientific evidence
available. Expert radiologists in the relevant
organ systems were recruited to take part in cre-
ating, reviewing, and revising the recommenda-
tions, supported by the available literature. The
white papers are meant to serve as general guid-
ance for managing incidentally discovered condi-
tions and will require revision on the basis of new
research. While non-radiology expert physicians
in relevant domains were not involved in the ini-
tial ACR white papers, they may be enrolled in
revising them (Berland 2011). While the choice
to include only radiologists in developing the
incidental findings recommendations has been
controversial, we took this approach because: (1)
our goals were to focus on the radiologic aspects
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of the conditions being evaluated, (2) inconsis-
tency in guidelines is common among different
non-radiology groups, so reconciling these would
be difficult, and (3) we believe that many guide-
lines developed by non-radiologists have been
too aggressive in recommending additional imag-
ing and other testing for incidental findings and
we wanted to initially limit the influence of
strongly held opinions by specialty groups and
generate our own independent evaluation prior to
involving non-radiology specialists.

Although the ACR Appropriateness Criteria®
have been developed for over 20 years using a
modified Delphi consensus approach, such a for-
mal process has not been applied within the
Incidental Findings Committee. A less formal
process of informal consensus building, with the
endorsement of the ACR, has led to the current
white paper recommendations (Berland 2011).

The Incidental Findings Committee white papers
and other guidelines can direct radiologists
towards best practices and serve as a baseline on
which evidence-based clinical trials could be
developed to confirm or modify the baseline
(Boland et al. 2011; Brink 2010).

8 Nature and Form

of Guidelines

Guidelines take many forms, but are commonly
displayed in the form of algorithmic flowcharts
or tables. Incidental findings recommendations
are mostly shown as colored flowcharts, with
boxes differentiated by color between informa-
tion gathering, recommending an action or
indicating that evaluation should be ended (as
shown in Fig. 1).

Incidental Adnexal Cystic Mass (>I cm)
Post-Menarchal, Non-Pregnant'
|
Y Y Y
Benign-appearing cyst? Probably benign cyst® Other imaging features*
| |
Pre- Pre- bl Features
menopausal menopausal diagnostic not specific
| features
i ¥ Y Y ¥
<5cm >5 cm <3cm >3 cm, <5 cm >5 cm
Y Y Y Y Y
Benign, no US follow-up Benign, no US follow-up 5
follow-up at 6-12 wk follow-up at 6-12 wk Ultrasound
Manage as
appropriate g
Early post- Early post- for Ultrasound
menopausal menopausal diagnosis
I
Y ¥ Y i ¥
<8cm >3 cm, <5 cm >5cm <3cm >3 cm
¥ ¥ ¥ ¥ A
Benign, no US follow-up 5 Benign, no 5
follow-up® at 6-12 mo® Ultrasound follow-up® Ultrasound
Late post- Late post-
menopausal menopausal
<3cm’ >3cm’ <tcm >1cm
Y ¥ Y Y
Benign, no 5 Benign, no 5
follow-up Ultrasound follow-up Ultrasound

Fig. 1 Figure shows a typical flowchart created by the Incidental Findings Committee. Reprinted with permission

(Patel 2013)
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9 Integrating Guidelines
into Reports

We are not aware of any radiology group that
successfully applies guidelines universally. There
are a number of challenges to achieving this. One
issue is that the guidelines themselves have limi-
tations, including that they may be outdated or
have some details that are controversial or be
inaccurate because of limitations of available evi-
dence. The display of recommendations may be
confusing or only cover a limited set of alterna-
tives. It is also very difficult to stratify for risk
and specify different recommendations for varia-
tions in age, gender, and comorbidities. Confusion
may also be caused by differences among guide-
lines promulgated by different organizations.

Limited use of guidelines also has multiple
other obstacles to broad use. The radiologist may
consider himself or herself too busy to take the
time to look them up if they are not immediately
at hand. They may believe that referring physi-
cian is more responsible for providing the level of
detail found in such guidelines than the radiolo-
gist. Radiologists may reject guidelines that don’t
reflect their traditional approach and believe that
they are not at significant risk for a malpractice
suit by not including references to guidelines.
The individual radiologist’s underlying level of
both medical and legal risk tolerance may influ-
ence all these factors. In the absence of strong
incentives for using guidelines or penalties for
not doing so, there are no substantial pressures to
modify workflow and practices, especially given
the pressures of productivity.

To optimize their use, guidelines should be
broadly acceptable, easy to access, and straight-
forward to understand and apply (Berland 2011).
Consensus recommendations can help make
patient care more consistent and can optimize
management, but the recommendations cannot
be adopted and implemented without education
of radiologists. A 2014 survey of the ACR mem-
bership revealed that 38% of the members had
read the white papers regarding incidental find-
ings and 89% of those reported use of the guide-
lines in clinical practice (Berland et al. 2014). A
survey in 2010 indicated that 77.8% of the

respondents were aware of the Fleischner Society
guidelines and 35-61% used them appropriately
in clinical practice (Eisenberg et al. 2010).
Variations in guideline adherence is multifacto-
rial including difficulty staying current with all
guidelines, the time-consuming nature of looking
up specific guidelines, medicolegal concerns, or
the decision to ignore them (Boland et al. 2011).
The ACR Incidental Finding Committee cre-
ated flowcharts to illustrate recommendations to
attempt to make them easy to access and follow
(Fig. 1) (Berland 2011). Institutions have shown
increased adherence to guidelines by printing the
guidelines and posting them to the dictating
machine or displayed at the PACS station
(Eisenberg and Fleischner 2013; Masciocchi
et al. 2012). A similar method could be used to
make the incidental findings flowcharts easy to
access and could increase their use. Guidelines
could be printed, tabulated, and placed in binders
at each PACS station. Alternatively, they could be
made electronically available on each worksta-
tion. Utilizing the voice recognition reporting
system, “macros” and templates could be used to
prompt the radiologist to report the recommenda-
tions in a standard way. One study emphasized
the value of integration of decision support tools
with PACS workflow. Forty-eight radiology resi-
dents were provided a decision support tool from
the web or through direct PACS access. Those
that had integrated access had higher usage by a
factor of 3 and when removed, their use of the
system decreased by 52% (Morgan et al. 2011).
Clinical decision support between a computer
and a user has been utilized to help determine the
need for imaging and to assist in selecting the
most optimal diagnostic exam (Bates et al. 2003).
Electronic decision support is also promising as a
means to delivering guidelines to a radiologist in
making recommendations for further imaging
(Boland et al. 2011). One point of care decision
support tool has the radiologist enter specific
observations about the finding and relevant
patient parameters into the voice reporting sys-
tem and then automatically generates text that
includes the findings, impression and recommen-
dations (see Chap. 10 by Alkasab and Harvey).
This has been shown to increase adherence to
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incidental pulmonary nodule guidelines from less
than 50% when not using the DS system to
greater than 95% when they do (Boland et al.
2011, 2014; Lu et al. 2016). However, the quality
and flexibility of the computer user interface can
strongly affect the willingness of radiologists to
use such systems. Nevertheless, decision support
systems could decrease the bias of personal pref-
erence or experience and can direct to recognized
best practices (Boland et al. 2011).

The capabilities of artificial intelligence (AI)
(e.g., machine learning and deep learning) are
evolving rapidly and promise to further improve
compliance with guidelines, although sophisti-
cated Al systems have not yet been applied to this
area. One concept of how such a system would
work is for it to learn to recognize and parse dic-
tated data and automatically populate the report
with the text of the findings and recommenda-
tions. Improved interfaces with electronic health
records are also likely to allow tracking of how
often such recommendations are followed and
the outcomes of following versus not complying
with guidelines.

With the exception of the ACR’s Breast
Imaging Reporting and Data System®
(BI-RADS®), there are no mandates for radiolo-
gists to follow guidelines once they are devel-
oped (Boland et al. 2011). Incentives and audit
processes could be developed to measure perfor-
mance and increase adherence to guidelines.
Formal policies could require their adoption to
decrease the degree of variability in following
guidelines. Follow-up analysis of compliance
could confirm effects on adherence to the guide-
lines (Rosenkrantz and Kierans 2014). Measures
published in the Physician Quality Reporting
System (PQRS) include recommendations for
managing incidentally discovered liver lesions
and thyroid nodules (PQRS 2015, 2016), but
these measures can be difficult to apply and may
not be the most relevant measures of quality.

Guidance to change practice and behavior is
more likely to be accepted when it comes from
professional medical groups including both those
who interpret and request imaging (Remedios
et al. 2015). Involvement of many organizations
and societies allows for endorsement and

dissemination of the recommendations. Newly
accepted guidelines can be disseminated to mem-
bers of the organizations through mailings and
can be posted on their websites. This has the
potential to improve patient care, improve confi-
dence of referring physicians, and provide stan-
dardization (Boland et al. 2011).

Conclusion

Guidelines are not intended to be final docu-
ments, as they continuously need updating,
revision, and review as processes evolve. The
ultimate decision on how to manage an inci-
dental finding will be multifactorial including
patient specific factors, disease prevalence,
and availability of equipment. Quality is
enhanced by decreasing variations in practice
(Berland 2011). Radiologist’s adherence to
guidelines and recommendations regarding
incidental radiologic findings can enhance
informed decision-making, decrease varia-
tions in recommendations, decrease cost, limit
medical liability, and improve consistency in
patient care (Brown 2013; Berland 2009b).
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Introduction

Narrative reporting has been the mainstay of the
radiologist’s work for as long as the domain of
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method for the radiologist to record observations
and interpretations when reviewing a patient’s
imaging and digital health record. Picture
archiving and communication systems (PACS)
and digital voice recognition transcription sys-
tems emerged in the end of the twentieth century.
These disruptive technologies changed the radi-
ologists’ relationships and interactions with the
providers who order imaging tests, but did not
fundamentally change the radiologist’s work
product. As radiologists are challenged to dem-
onstrate the value of their work product, it is
becoming increasingly evident that the narrative
report is limiting.

Overcoming the limitations of the narrative
report requires a willingness on the part of the
radiology community to embrace consistency as
a core value. Structured and templated radiolo-
gist reporting is emerging as a tool to demon-
strate the impact of the radiologist’s work on
patient outcomes. Structured and template report
formats are being increasingly adopted by aca-
demic and community practice groups around the
country (Powell and Silberzweig 2015). There is
increasing literature demonstrating a preference
for structured radiology reports by referring pro-
viders and radiologists (Bosmans et al. 2011;
Schwartz et al. 2011). A structured report utiliz-
ing common vocabularies lays the groundwork
for analysis including machine learning that will
refine and improve understandings of disease
processes and promotion of meaningful compari-
son of the work product of the radiologist. A clear
report that contains consistent information will
facilitate the interchange of information between
systems and providers.

This chapter will define what is meant by
structured reporting, review recent legislation
that may incentivize radiologists to embrace
structured reporting, and discuss the quality and
value propositions that are supported by struc-
tured reporting. It will also address the process
improvement and team building benefits of
engaging your practice group in developing tem-
plates for structured reporting. Subsequent chap-
ters in this section will review the benefits of
specific content in radiology reports, from critical
to incidental findings.

2 Definition of Structured
Reporting

To varying degrees, all recorded data contains
some inherent structure. It is helpful to clarify
what is meant by the phrase “structured report-
ing” in radiology. Structured reporting may be
thought of as three progressively structured tiers
(Langlotz 2015). The first, simple, and well-
accepted tier relates to having common headings
for all reports such as “Indication” and
“Impression” (Bosmans et al. 2012; Weiss and
Langlotz 2008). The second tier involves sub-
headings such as organs and organ systems
within the “Findings” or “Observations” section,
which is sometimes called “itemized reporting”
or “templated reporting.” This is relatively easy
to implement and is increasingly prevalent. These
first two tiers represent organized reporting.

The third tier requires the use of standardized
language in reports. To enforce such consistency,
this tier uses pick lists, buttons, and other form ele-
ments. This last tier is orders of magnitude more
difficult, both in development and in practice. When
report components are subsequently represented as
coded and searchable elements, the true definition
of “structured reporting” is manifest.

The use of standardized and constrained lan-
guage is the means by which the most benefits of
structured reporting are realized. This type of struc-
ture is already prevalent in other areas of medicine,
as it is required to satisfy various legislative and
payment standards such as reviewing problem lists
(Kahn et al. 2013). The Breast Imaging Reporting
and Data System (BIRADS) is the most mature
example within radiology (D’Orsi et al. 2013).
However, there is increasing effort to standardize
language and reporting in many disease processes
and around many types of communications.

3 Constrained Vocabularies,
Lexicons,and Common Data
Elements

Constrained vocabularies and standard terminol-
ogies are critical components of achieving the
consistency and reliability potential of structured
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reporting. Structure and meaning are facilitated
by the consistent use of constrained vocabularies.
In theory, radiologists are trained in and use a
common vocabulary. However, in practice, both
the radiologists and the care providers who
receive radiology reports variably understand the
meaning of specific phrases and words used in
reports (Hobby et al. 2000; Reiner et al. 2007).
Emerging constrained vocabularies are modeled
after the success of the BIRADS and often lead
by groups formed through the American College
of Radiology (ACR). Examples include TIRADS
for thyroid nodules (Tessler et al. 2017), LIRADS
for liver lesions (Jha et al. 2014), and PIRADS
for prostate MRI (Weinreb et al. 2015), among
others. These are intended to mitigate differences
in reporting that may hinder successful commu-
nication and subsequent management.

The benefits of constrained vocabularies are
best demonstrated with examples. Consider a
very typical free-text statement describing a thy-
roid nodule: “A1.7 cm mixed cystic and solid oval
nodule is present on the left, consider biopsy.”
The ordering provider is left to wonder under
what conditions should the biopsy be considered?
What is the risk to the patient if the biopsy is not
done? Will a cancer be diagnosed too late for a
cure? Building on prior guidelines and emerging
evidence, including those developed by the
Society of Radiologists in Ultrasound in 2005 and
the American Thyroid Association in 2015 (Frates
et al. 2005; Haugen et al. 2016), TIRADS pro-
vides specific features that should be included in
order to provide a definitive answer and recom-
mendation (Tessler et al. 2017). The free-text
description would be inadequate, as specific fea-
tures including echogenicity, margin, shape, and
orientation are not mentioned. A structured report
that includes all these features as pick lists ensures
that the radiologist generates a complete descrip-
tion of the nodule. Based on a summation of
points for these different features, the radiologist
provides very specific recommendations to the
ordering provider and by extension to the patient.

Steps beyond constrained vocabularies are coded
vocabularies. These facilitate digital information
exchange. Lexicons originally developed outside of
radiology to capture coded medical terminology and

facilitate the electronic exchange of clinical health
information include Systematized Nomenclature of
Medicine-Clinical Terms (SNOMED-CT) and
Logical Observation Identifiers Names and Codes
(LOINC). While there is more current integration, in
the early 2000s, these lexicons did not contain most
of the terms used by radiologists or those related to
imaging tests.

The gap was filled by the Radiological Society
of North America (RSNA) and the creation of a
radiology-specific lexicon, RadLex™ (Langlotz
2006). RadLex™ contains over 45,000 terms that
are coded numerically and mapped for synonyms.
Integration of these terms into templates will pro-
mote interoperability between institutions for
patient care and research. To achieve this benefit,
however, the codes must be portable between the
systems where the reports are created and the
final data repositories, whether an electronic
health record (EHR) or a data warehouse. Post
hoc mapping of reports or report templates to the
RadLex™ lexicon is time-intensive and difficult.

Nonstandardized examination codes also limit
interoperability. To overcome this limitation, the
RadLex™ effort was extended to create the
RadLex™ Playbook, a unifying resource of exami-
nation codes (Wang et al. 2017). For example, a
patient might in one institution receive a “barium
swallow,” in another a “modified barium swallow,”’
and in the third a “cookie swallow” or a “speech/
swallowing evaluation.” This variety of naming
conventions could cause the patient to undergo
unnecessary repeat examinations if there is no
understanding that these exam descriptions are all
synonyms for the preferred exam code ““‘swallow-
ing function assessment” (Radiology Lexicon
(RADLEX) 2007). Apart from the content within a
report, reducing variability in naming conventions
for imaging exams reduces the potential for error.

4 Legislative Framework
Promoting Structured
Reporting

As a key component of the American Recovery
and Reinvestment Act (ARRA) and the Health
Information Technology for Economic and
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Clinical Health (HITECH) Act of 2009, the US
government has made a significant investment in
growing EHR. The rationale for EHR adoption
assumes that the information contained in EHR
will be harnessed in order to improve medical
decision-making with an associated improve-
ment in patient outcomes (Blumenthal 2010).
The motivation stems from the idea that by cap-
turing every patient encounter within a health-
care system as unique and digital events, it will
be possible to analyze, understand, and improve
the quality of care that is delivered.

The intended goals and benefits of HITECH
and ARRA were both streamlined and further
legislated into action by the Medicare Access and
CHIP Reauthorization Act (MACRA) passed in
2015 (Rosenkrantz et al. 2017). In addition to
repealing the sustainable growth rate (SGR) for-
mula that calculated annual physician payment
cuts, MACRA replaced quality programs like the
Physician Quality Reporting System and
Meaningful Use Reporting Requirements with
Quality Payment Programs (QPP).

Via QPP, MACRA proposes a framework for
rewarding physicians to provide better care rather
than merely more care, thus legislating the transi-
tion from volume to value. QPP physician pay-
ments will be based on participation in one of the
two pathways, the Merit-based Incentive Payment
System (MIPS) or alternative payment models
(APMs). In order to participate in these new pay-
ment reward programs, physicians must submit
performance data and be willing to be measured.
MIPS assesses physicians in four performance
categories, including Quality, Cost, Improvement
Activities, and Advancing Care Information.

There are multiple MIPS quality measures for
which structured reporting will facilitate report-
ing. For example, measure 406, “Appropriate
Follow-up Imaging for Incidental Thyroid
Nodules in Patients” is described as the:

Percentage of final reports for computed tomogra-

phy (CT), CT angiography (CTA) or magnetic

resonance imaging (MRI) or magnetic resonance
angiogram (MRA) studies of the chest or neck or
ultrasound of the neck for patients aged 18 years

and older with no known thyroid disease with a
thyroid nodule <1.0 cm noted incidentally with

follow-up imaging recommended. [https://www.
acr.org/~/media/ACR/Documents/P4P/2017-
MIPS/DX/2017_Measure_406_Registry.pdf]

The denominator for this measure is all CPT
exam codes for cross-sectional imaging covering
the thyroid gland. Ensuring that it is relatively
simple to retrieve these reports and measure a
denominator would be facilitated by a coded des-
ignation at the time of report generation and/or
standardized language that could be easily found
by a search engine after report generation
(Langlotz 2015).

5 Development of Report
Templates as a Team

The development of group-accepted report tem-
plates is an important task in team building.
Because the report represents the radiologist’s
patient facing activity, there is a very strong emo-
tional attachment to the form and content. The
patterns and verbiage used by each radiologist are
learned during training and reinforced over time.
There is evidence that structured reports are pre-
ferred (Schwartz et al. 2011; Naik et al. 2001) and
that there may be financial benefits for structured
reporting (Pysarenko et al. 2017). The evidence is
starting to emerge demonstrating that the imposi-
tion of such structure has the potential to impact
patient outcomes (Kabadi and Krishnaraj 2017).

Coming together as a group to agree on unified
reporting requires both skillful leadership and a
willingness to negotiate and compromise. The
organizational hurdles are likely to be as signifi-
cant as technical hurdles. Larson et al. from
Cincinnati Children’s Hospital outline a rigorous
and effective approach to implementing a depart-
ment-wide structured reporting approach (Larson
et al. 2013). This team explicitly acknowledged
that merely writing the templates was only an ini-
tial step in the process. Gaining buy-in from all
radiologists by considering their input and modi-
fying templates when appropriate, “hounding”
nonusers to use the templates, and basing modest
bonuses on achieving usage goals all contributed
to the ultimate success of the initiative.
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Because of the challenge in overcoming indi-
vidual reporting preferences, it may be useful to
seek “independent” templates when beginning
development in a radiology group. A resource is
the RSNA template library that is hosted on rad-
report.org and open.radreport.org. Between the
two sites, 350 reporting templates contributed by
radiology societies, institutions, and individuals,
with many translated into multiple languages, are
represented. Additionally, subspecialty societies,
including the Society of Interventional Radiology
and the Society of Abdominal Radiology, are
developing templates to be shared among society
members.

6 The Value Proposition
of Structured Reporting

The radiology work product has the potential to
become relatively uniform through the imposition
of structure and the use of constrained and coded
vocabularies and elements. Consistency will facil-
itate the interchange of information with resultant
improvements in patient care and associated
patient outcomes. With structure, free-text reports
can be more effectively analyzed. In addition
there is a lower chance for error when translating
information from a report into discrete data fields.

It is these ideas of benefit that are driving the
adoption of EHR and the promotion of machine
learning and artificial intelligence in medicine
(Brink et al. 2017). There are many barriers to
realizing the potential knowledge gain through
widespread adoption of EHR. In health care, the
attributes of Big Data are described by the terms
silo, security, and variety (Jee and Kim 2013). Silo
refers to the fact that data exists in incomplete,
proprietary, and incompatible legacy systems, rep-
resenting disparate clinical environments and
sources (Bisbal and Berry 2011). Overcoming the
silo is challenged by security concerns, the second
attribute of health-care Big Data. Extracting infor-
mation from a system with safeguards protecting
patient privacy and maintaining those safeguards
adds additional complexity to aggregating, orga-
nizing, and mining health-care Big Data.

Variety refers to the various types of struc-
tured and unstructured data available for con-
sumption. When the discussion turns to medical
records such as progress notes and radiology
reports, those items that substantively represent
clinical reasoning are predominantly unstruc-
tured. The health-care data explosion is over-
whelming the ability of individual analysts to
process EHR. Thus, improving care based on
EHR analysis remains a significant challenge. In
order to use EHR to improve patient outcomes
and facilitate medical decision-making, the
development of systems and tools that bridge het-
erogeneous IT environments is crucial (Brink
et al. 2017).

As part of health-care reform, it is expected
that costs of care will diminish and the direct
patient benefits will increase when care adheres
to evidence-based guidelines. While it is expected
that these guidelines will increase in number and
complexity, they can be very hard to put into
practice (Lacson et al. 2012). Even now, rela-
tively well-known and simple guidelines are dif-
ficult to follow, with one study showing
radiologists at a major academic center only pro-
viding reports that reach 60.8% conformity to
Fleischner Society pulmonary nodule guidelines
(Eisenberg et al. 2010). It is reasonable to expect
that guideline adherence will increasingly affect
reimbursement. This may be a major motivating
factor to the widespread adoption of structured
reporting.

Structured reporting creates opportunities for
research, clinical decision support, and quality
improvement efforts. For example, uniformity
facilitates the radiologists’ participation in dis-
ease registries. A requirement for Medicare and
Medicaid payment for lung cancer screening
with low-dose CT includes submitting data to an
approved registry for every test performed (cms.
gov/Lung Cancer Screening Registries 2015).
Currently, the means of recording this data is
either through manual entry in a web-based form
or manual entry in a spreadsheet template that
can be uploaded to the web-based registry (Lung
Cancer Screening Registry (LCSR): User Guide
2017). Both of these solutions require a human to
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extract the information from the report that is
generated by the radiologist. A template with
pick list and/or coded response options facilitates
this current manual extraction of data. Generating
the Iung cancer screening report directly into a
structured database form would eliminate an
intermediate translation step between the radiolo-
gist and the registry.

It is expected that structured reports will
enable the radiologist to provide a more consis-
tent, accurate, and useful report in daily practice
as well. Structured reports serve as a checklist for
the radiologist. While there are critiques of the
role of structured reporting in training, multiple
studies are emerging demonstrating that the use
of checklist style report templates increases com-
plete reporting and reduces misses for trainees
(Lin et al. 2014; Marcovici and Taylor 2014).
These checklists are also useful when encounter-
ing a disease that is infrequent, as it is difficult to
remember all the required elements of a mean-
ingful report. Pancreatic cancer is often cited as a
disease where the observations on initial imaging
are critical to success but often incomplete
(Al-Hawary et al. 2014). A structured template
reminds the radiologist to report on all relevant
observations, including extent of both venous
and arterial vascular involvement as well as nodal
location.

It is possible to impose structure on a report
after the fact. Machine learning tools like natural
language processing (NLP) analyze free-form
text using linguistic and statistical methods to
convert text into a structured data that is then
available for computerized analysis (Cai et al.
2016). NLP performance is maximized when the
variety and ambiguity of the text in the radiology
reports are minimized (Hassanpour and Langlotz
2016). In constrained settings, the application of
NLP to radiology reports has demonstrated ben-
efits to patient care. For example, an interdisci-
plinary group at Brigham and Women’s Hospital
used NLP to detect the prevalence of ordering
CTPA and the positivity rate of the studies for
clinically significant pulmonary embolisms (Raja
et al. 2012). After the implementation of a com-
puterized decision support (CDS) algorithm pro-
viding real-time guidance to streamline CTPA

test ordering, the team compared utilization
and positivity rates. The researchers found that
the test order rate declined and the positivity
rate increased. This represents a means in
which the information contained in the radiol-
ogy reports could be extracted, guidelines
could be implemented, and the value of every
test ordered is increased, as manifest by a
higher test positivity rate.

With multiple radiologists in multiple practice
settings, describing disease process lesions using
the same terms, radiologists will have the ability
to refine the diagnosis and management recom-
mendations. The act of assigning a numeric value
to various imaging features and comparing the
results to reference standards that include pathol-
ogy and clinical features provides radiologists
the ability to measure and adjust their own clini-
cal care efficacy. By creating the reproducible
and reliable evidence and then driving the analy-
sis of the radiologist work product and disease
characterization, radiology, as a distinct medical
specialty, will be able to claim a direct influence
on patient outcomes.

7 Limitations and Concerns

It is difficult to implement structured reporting
from both organizational and technical perspec-
tives. While gaining traction, this still signifi-
cantly changes well-entrenched workflows, may
be less efficient, and could result in a more
distracted radiologist. The explosive volume of
patients that a radiologist is expected to provide
care for on a daily basis adds the requirement that
reporting increases rather than impedes effi-
ciency. Physician burnout, which is in part driven
by a sense that the value a unique physician pro-
vides to patient care is diminished, also must be
acknowledged (Restauri et al. 2017). A standard-
ized practice may erode the sense of autonomy
and intrinsic value of the work for an individual
radiologist.

It is essential that radiology use the invest-
ments in standardization to promote the role of
the radiologist and the direct patient benefits
related to the care provided by the radiologist.
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Keeping the radiologist role opaque or further
masking it behind the anonymity that is
imposed by a report that would look the same
whether someone with 1 year of training or
15 years of experience interprets the study
poses significant risk.

An additional limitation is based on the chal-
lenges with maintaining structure through various
instances of the digital health system. There are
efforts underway to define data structures that will
facilitate radiology report information exchange.
For example, to address radiology report trans-
mission challenges, the Management of Radiology
Report Templates (MRRT) profile has been devel-
oped. This specifies a standardized approach for
report authoring templates and defines the rules
that facilitate the exchange of templates between
both vendor-agnostic creation systems and
between reporting systems (Kahn et al. 2015;
Pinto Dos Santos et al. 2017). An additional effort
that is underway is the development of the
Common Data Element (CDE) for radiology
(Rubin and Kahn 2017). CDEs are “data elements
that are collected and stored uniformly across
institutions and studies and are defined in a data
dictionary” (Winget et al. 2003). The data diction-
ary specifies the item’s name, data type, allowable
values, and other attributes. Because of the detail
captured by the data dictionary, CDEs will facili-
tate the collection of contextual information from
reports. However, the benefits of information
exchange profiles, like MRRT and CDEs, will not
be realized until they are requirements of the
information systems that create and consume this
health information. Until this is the case, building
the structured data into reports at the time of
report generation is neither an efficiency nor value
gain for practicing radiologists.

Conclusion

By decreasing ambiguity, enhancing research
opportunities, and facilitating clinical deci-
sion support and quality improvement, struc-
tured reporting provides many benefits.
D’Orsi and Kopans said it well 20 years ago:

Without standardized terms to describe the impor-
tant features...there is no means of training or
obtaining objective data to improve our specificity.

There must be a concise and orderly description of
the finding(s) in language understandable to both
clinician and radiologist leading to a logical rec-
ommendation. Indeed, this format is important for
all reports we generate, not only mammography.
(D’Orsi and Kopans 1994)

There are legislative efforts underway that
encourage radiologists to undertake the pro-
cess of developing and using structured reports.
There are extensive tools available that build
structure and enable coded meaning to be
imposed on radiology reports. To date, the full
realization of the benefits of structured report-
ing, both to the practicing radiologist and to
our patients, is elusive. As our digital systems
become more sophisticated, however, these
benefits will be achieved. Radiologists should
be at the forefront demanding the opportunity
to prove the value of our patient interactions,
as represented by our radiology reports.
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1 Introduction

The field of radiology is broad: a single imaging
examination can present significant findings that
span multiple body systems. For example, an
abdominal computed tomography (CT) might
show infectious disease of the hepatobiliary sys-
tem, traumatic injury to the musculoskeletal sys-
tem, or an obstructive malignancy of the
genitourinary tract. In addition to these acute
findings, it is not uncommon for a radiologist
interpreting an abdominal CT to encounter inci-
dental findings, such as pulmonary nodules, adre-
nal nodules, renal masses, hepatic hypodensities,
pancreatic cystic lesions, or adnexal cysts, among
others. This means that radiologists must pos-
sess—or have readily available—considerable
knowledge of these entities and their manage-
ment crossing multiple medical specialties to
provide accurate and clinically meaningful
interpretations.

The challenge of interpreting across a wide
range of imaging findings is further complicated
by an even wider range of clinical contexts. To
provide the necessary flexibility to meet this
challenge, radiology has traditionally embraced
an open-ended style of reporting. Bordering on
conversational, traditional reporting has given
radiologists wide berth to marry imaging findings
with clinical context to communicate a diagnos-
tic impression. Despite the benefits of this open-
ended reporting practice, it also has its drawbacks.
Chief among them has been an undesirable
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variability in reporting between radiologists that
can frustrate referring physicians and complicate
patient care (Chan et al. 2016; van Riel et al.
2015; Hoang et al. 2014; Elemraid et al. 2014).

2 Addressing the Challenge
of Report Variability

To address the issue of report variability, there
has been a robust push in recent years toward
increased structure and standardization in radiol-
ogy reporting. Expert panels organized by
national bodies such as the American College of
Radiology (ACR), the Fleischner Society for
Thoracic Radiology, and the Society of
Radiologists in Ultrasound have published white
papers, best practices, and clinical guidelines to
guide radiologist reporting. The most notable
example of this is in the field of breast imaging
where the ACR developed and promulgated the
Breast Imaging Reporting and Data System®
(BI-RADS®) for description of breast imaging
findings and their clinical management (American
College of Radiology (ACR) n.d.-a). Backed by a
federal mandate, the BI-RADS® system has
achieved ubiquitous use throughout the United
States, resulting in a much lower degree of vari-
ability in the reporting of breast imaging findings
compared to other areas of imaging.

Partially driven by the success of BI-RADS®,
other areas of radiology have promulgated simi-
lar report standardization efforts across a variety
of clinical scenarios. In fact, Centers for Medicare
and Medicaid Services (CMS) has mandated the
use of standardized lung nodule identification,
classification, and reporting system to qualify for
reimbursement for lung cancer screening. To
meet this requirement many screening programs
use the Lung CT Screening Reporting and Data
System (Lung-RADS®)—a structured reporting
system similar to BI-RADS® (American College
of Radiology (ACR) n.d.-b; Centers for Medicare
and Medicaid Services 2015).

In addition to achieving language standardiza-
tion (i.e., ensuring that radiologists use the same
words/descriptors to describe an imaging find-
ing), it is equally if not more important to achieve

interpretive standardization. Interpretive stan-
dardization means ensuring that radiologists see-
ing the same imaging finding in the same clinical
context communicate that same evidence-based
interpretation. Expert panels organized by
national bodies have addressed the challenge of
interpretive variability head on through the devel-
opment of practice guidelines.

The last decade has seen myriad evidence- and
consensus-based guidelines, practice parameters,
and technical standards issued to guide imaging
interpretation. Much of this guidance for report-
ing has been structured into algorithms that direct
the radiologist to the most likely clinical diagno-
sis, additional workup if necessary, and standard
information to include in the reports. Such guid-
ance is most common for well-recognized imag-
ing findings, such as common incidental lesions.
This goal of consistently providing a correct and
clinically relevant interpretation is central to radi-
ology’s success in value-based payment models
and necessary for cost-effective patient care.

Despite the importance and availability of
clinical guidelines for interpretation and report-
ing of imaging findings, in practice, radiologists
frequently do not adhere to these guidelines
(Lacson et al. 2012).

3 Cracking the Code
of Interpretive Variability

Unlike BI-RADS® and Lung-RADS®, use of the
clinical guidelines and practice standards by
radiologists has been inconsistent at best, with a
high degree of report variability persisting
across radiology (Lacson et al. 2012; Penn et al.
2015; Eisenberg et al. 2013; Hobbs et al. 2014;
Berland et al. 2014; Johnson et al. 2011). This
has led some to be skeptical that evidence-based
guidelines will inform practice sufficiently to
address individual patient needs (Boland et al.
2011). Some advocates of standardized report-
ing have even suggested extending Clinical
Decision Support (CDS) use requirements
recently imposed on the image ordering process
to the process of image interpretation (Centers
for Medicare and Medicaid Services 2017).
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Many explanations have been proffered for
the ongoing widespread variation in radiologist
practice from these guidelines. First, expecting a
radiologist to keep up with the ever-growing and
changing trove of subspecialty guidelines is
increasingly infeasible. The rapid expansion and
increasing complexity of radiology guidelines
underscore the need for better CDS at the radiol-
ogist’s point of care. Second, a radiologist may
disagree with the national guidelines or favor
local guidelines which they believe better
address the unique needs of their specific patient
population. However, for many radiologists, the
most common barrier to consistently applying
clinical guidelines is a practical one: in the face
of increasing productivity demands, they do not
have the time to repeatedly interrupt their work-
flow to access the relevant clinical guideline.
Better workflow integration is essential for
removing this practical impediment and achiev-
ing more consistent guideline utilization in radi-
ology reporting.

Point-of-care CDS solutions, such as elec-
tronic medical record (EMR)-based “best prac-
tice alerts,” have been shown to improve
compliance with guidelines in other areas of
medicine (Szlosek and Ferretti 2016; Oluoch
et al. 2012). However, these EMR-based sys-
tems are less likely to be effective in meaning-
fully impacting radiologist practice given that
the EMR is not as central to the radiologist
workflow. A more successful information tech-
nology (IT) integration strategy in radiology
would be focused on the picture archiving and
communication system (PACS) viewer or the
voice recognition/reporting software (VRS).
The computer-assisted reporting and decision
support (CAR/DS) framework aims to accom-
plish just that (Alkasab et al. 2017).

The CAR/DS solution brings relevant clinical
guidelines directly into the radiologist workflow
via an easy-to-use, digital format. In the CAR/DS
vision, when a radiologist encounters a situation
with a relevant imaging finding, instead of issu-
ing an interpretation based on personal prefer-
ence or experience, a CAR/DS tool incorporated
into their PACS viewer or VRS directs the radi-
ologist to conform to recognized best practices.

With respect to recommendations for follow-up
(FU) imaging, the CAR/DS tool should help less
experienced radiologists move toward the rec-
ommendation pattern of more experienced radi-
ologists and in so doing substantially reduce
variation among radiologists. The usage of such
tool comports with the principles of ACR’s
“Imaging 3.0,” a national initiative for increasing
radiologists’ relevance to the healthcare system.

4 The Open CAR/DS

Framework

Moving toward the CAR/DS vision, the ACR
has adopted an open format to define clinical
guidelines in a standard definition language for
the assisted reporting modules. Under the ACR
Assist™ initiative, the ACR is in the process of
translating its relevant clinical content, including
ACR “RADS” and white papers of the Incidental
Findings Commission, into this standard defini-
tion language. Once accomplished, this ACR
clinical content can be readily integrated into
Open CAR/DS-enabled PACS viewers and VRS
programs to guide radiologists at the point of
care. Commercial VRS and PACS are already
starting to incorporate these guideline-specific
definitions into their products (Alkasab et al.
2017). What’s more, other national bodies
including the Fleischner Society for Thoracic
Radiology and the Society of Radiologists in
Ultrasound can use the Open CAR/DS frame-
work to start encoding their clinical practice
guidelines into a format which allows vendors to
include their content as well.

The Open CAR/DS framework has been
designed to separate as much as possible the
work of content developers such as the ACR
from the development of the image-viewing and
report-generating software that will use it. Open
CAR/DS includes a freely available, non-
proprietary file format that content developers
use to specify what data must be collected and
how it can be interpreted. It is then up to each
PACS or VRS vendor to tailor their tools to
implement the specified guideline. The imple-
menting vendors are responsible for storing the
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XML modules and offering them to radiologists
in appropriate contexts (e.g., appropriate exam
type and patient demographics). They must adapt
their user interfaces to collect the specified data
from radiologists, generate the appropriate text
based on responses, and incorporate the text into
the report. Finally, Open CAR/DS-compliant
systems will store the radiologist responses as
structured data and send that data to downstream
systems as appropriate.

The Open CAR/DS framework is based
around clinical guidelines encoded using the
Open CAR/DS schema for describing the data
elements, the logic tree, and a report text to be
generated. This format is defined using an
Extensible Markup Language (XML) schema
(Extensible Markup Language (XML) n.d.). A
CAR/DS module must define all the potential
data elements that serve as the inputs and outputs
of the reference radiologic clinical guideline.
Likewise, it must define the branching logic rules
by which inputs are turned into outputs and spec-
ify the appropriate report language for each of
these potential outputs. Therefore, at the highest
level, a CAR/DS guideline definition contains
descriptive metadata, data element definitions, a
flowchart-like logic tree, and a set of templates
associated with the possible end points.

The metadata section contains general infor-
mation about a CAR/DS guideline (e.g., text label
and description of the guideline, contact informa-
tion for relevant authors of the document, cita-
tions to relevant articles, and may also contain
links to other ontologies), information specifying
for which examination types and patient demo-
graphics the guideline would be relevant, and also
provides clues as to how a reporting system might
recognize when a user is describing a finding for
which the guideline might be applicable.

The data element definitions specify the input
values used to drive the clinical decision tree and
possibly intermediate or output values associated
with an algorithm. These can be collected from
the radiologist at reporting time and can be
numeric values (e.g., the size of a lesion), inte-
gers (e.g., the series or image number a finding is
seen on), Boolean values (e.g., the presence or
absence of a finding), single-choice values

(e.g., categorization of a finding), or multiple-
choice values (e.g., presence or absence of find-
ings in multiple locations).

Clinical guidelines are frequently defined as
flowchart-like decision trees. For representation
in the CAR/DS format, this logic must be for-
mally encoded as a branching structure of binary
decision points based on Boolean logic and asso-
ciated outputs or further decision points. Starting
at the first decision point in the branch logic,
implementing software finds the contained
branches and evaluates the condition of each
sequentially. The first branch whose condition
evaluates to true is then followed, leading to only
one possible true path based on the available
choices. If the branch leads to an end point, then
that end point is the output of the algorithm.

Each end point of the defined logic tree speci-
fies actions to be taken when user inputs lead to
that output, primarily reflected as a set of tem-
plates. These templates lay out the text to be
inserted in a radiology report by an implementing
reporting system. Pieces of text can be defined to
insert into the findings section of the report, into
the impression section, and into a recommenda-
tion section.

To enable development and testing of clinical
guidelines encoded into CAR/DS definitions, ref-
erence software has been created and is freely
available from the ACR. This program loads
guideline definition files, enacts the specified user
interaction, processes the user-entered data
according to the given logic, and generates and
presents the defined report text. The software con-
sists of a Web application, where both server-side
and client-side components are written using the
JavaScript programming language. The reference
implementation of the software allows users to
test the fidelity of clinical guidelines that they
have encoded into a CAR/DS definition and to
interact with the encoded CAR/DS guideline to
test how different inputs lead to different outputs.

This new CAR/DS framework brings
evidence-based guidelines for recommendations
and actionable reporting into clinical practice in a
structured, vendor-neutral manner. Vendors of
VRS, as well as other vendors in the radiology
workflow, can implement CAR/DS content to
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extend the functionality of commercial tools cur-
rently in use. Because CAR/DS modules can
work as “apps” or “plug-ins” for any vendor’s
reporting system, it is expected that many profes-
sional societies will follow the ACR’s lead in
making their guidelines available as CAR/DS
modules at the radiologist point of care.

5 Radiologist Experience
of CAR/DS

The CAR/DS framework makes it easy for radi-
ologists to do the right thing: issue guideline-
compliant reports without workflow interruption.
From the point of view of a radiologist, a CAR/
DS-enabled reporting tool allows real-time
reporting guidance based on clinical guidelines
integrated into the workflow. By having the tool
incorporated into the point of care, radiologists
do not have to choose between the time-
consuming task of looking up a guideline and try-
ing to use a flowchart to apply to the current
clinical situation or the fast, but less reliable cog-
nitive dissonance of improvising to his/her best
memory or guess as to what the published guide-
line instructs. Since clinical guidelines to date
primarily focus on incidental lesions, a CAR/

Adrenal Nodule

chararacterized

Adenoma on CT

Adenoma on MRI

Benign on PET

Not previously characterized
Hx malignancy ves @ No @

Diagnostic feature

Changed size

Insert into Report Close without Inserting

DS-enabled reporting system allows a radiologist
to focus his/her mental energy on the central clin-
ical question. This is particularly important for
generalist radiologists practicing across a broader
range of modalities and body regions.

How does CAR/DS-assisted reporting work in
everyday practice? Consider an incidentally dis-
covered adrenal nodule on CT as an example.
The radiologist is using a CAR/DS-enabled VRS
tool which has incorporated an encoded guide-
line from the ACR based on College’s Incidental
Findings Commission’s white paper for the
workup/management of incidentally discovered
adrenal nodules. When the radiologist encounters
the adrenal nodule, the CAR/DS tool within the
VRS aids the radiologist in providing the neces-
sary descriptions of the adrenal nodule by
prompting the radiologist to provide the impor-
tant characteristics of the adrenal nodule includ-
ing size, presence of macroscopic fat, and
stability from prior imaging examinations. Based
on the radiologist input, the CAR/DS tool deter-
mines the appropriate workup/management and
automatically generates and inserts standardized
language of the imaging findings and necessary
clinical FU into the report (Fig. 1).

Radiologists interact with the CAR/DS frame-
work while reading a study in two ways: either

Impression

Fig. 1 Web-based reference software CAR/DS incidental adrenal nodule module interface
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the reporting system detects specific predeter-
mined voice or text commands corresponding
to a given CAR/DS module and offers to
launch that tool or the radiologist triggers the
CAR/DS tool directly and is given a choice of
the available/applicable guideline modules
filtered for the type of exam being read and
patient age and sex. Either way, the radiolo-
gist interacts with a series of relevant ques-
tions that can be answered using both the
VRS and the mouse and keyboard. In addi-
tion to text-based questions, it is also possi-
ble to use image-based selection including
exemplar images, as well as tables, graphics,
and classification/grading figures. These aids

allow an easy and practical way to describe
and identify more nuanced imaging character-
istics (Figs. 2 and 3). As the radiologist
answers the required questions (noting that
which answers are required may change
dynamically based on prior answers), the radi-
ologist sees the proposed text generated based
on the provided answers. Upon completion,
the generated text is pushed into the correct
portions of the radiologist’s draft report (find-
ings, impression, and recommendation, as
appropriate). The radiologist can reopen the
tool, and modify the description of the lesion
in question, and the generated report text will
be updated.
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Fig.2 Clickable schematic image for guidance to report adnexal cyst lesions on ultrasound
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Fig. 3 Clickable schematic table for guidance to report incidental pulmonary nodules on CT

6 Benefits from
Implementation
of CAR/DS

Data have shown significantly improved com-
pliance with guidelines when radiologists use
the point-of-care CAR/DS tool for management
of incidental pulmonary nodules on abdominal
CT (Lu et al. 2016). This suggests that a
workstation-integrated, point-of-care CDS tool
can improve guideline adherence beyond levels
achieved through current, more passive meth-
ods of implementation. The impact of using
the CAR/DS tool should be reflected in sev-
eral ways, such as improving the quality and
efficiency of radiology reporting; reducing the

inter- and intra-radiologist report variability and
level of confidence; increasing the report
compliance of guideline recommendations for
imaging FU, as well as the ordering provider
compliance with imaging FU recommendation;
and increasing ordering provider satisfaction
(Boland et al. 2011; Brink 2014).

Failure to provide guideline-based care has
long been recognized as a cause of suboptimal
patient care and referring physician dissatisfac-
tion. However, compliance with the guidelines
has taken on even greater importance under
value-based reimbursement models in which
compliance is increasingly being used as a
financially tied measure of quality in medicine
(Torchiana et al. 2013). As the US healthcare
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environment continues the transition into value-
based payment models, the CAR/DS tool pro-
vides an objective metric by which the ACR
could measure radiologists’ practice quality. To
date, these potential financial incentives and
penalties have affected radiology indirectly;
however, the high frequency of both incidental
findings on cross-sectional imaging and recom-
mendations for FU imaging suggest that future
radiologist-specific initiatives aimed at these
drivers of healthcare costs are likely (Boland
etal. 2011).

Use of the Open CAR/DS framework could
also offer important protection with respect to
malpractice litigation. It is estimated that each
year approximately 7% of radiologists will
face a lawsuit, and the likelihood of a radiolo-
gist being the defendant in at least one lawsuit
is 50% by 60 years of age (Jena et al. 2011,
Baker et al. 2013). Approximately 35% of
claims against radiologists will result in pay-
ment to the plaintiff, with the average award
being approximately $175,000 (Harvey et al.
2016). Workstation-integrated, point-of-care
CDS tool makes it easier to clearly tether one’s
radiological impression to the prevailing stan-
dard of care. If the standard has been met, then
there is no liability (American College of
Radiology 2005).

The CAR/DS framework also improves the
integration of radiology point of care with sys-
tems like the EMR that are not usually central to
the radiologists’ workflow. For example, patient
demographic and clinical data, such as a more
detailed history of the present illness, current
medications, vital signs, laboratory values,
genetic tests results, smoking status, and history
of malignancy, can be made more easily accessi-
ble in the radiologist point-of-care environment
and can better shape the radiologist’s report. The
generated structured data can be embedded into
the report and/or communicated to EMR or other
systems. For example, the quantitative data from
tumor measurements can be inserted into an
oncology research registry automatically rather
than being copied by hand. CAR/DS can also
serve as a cornerstone technology for radiologists
playing the role of an “imaging data shepherd.”

Radiologists can define an essential role in gener-
ating and overseeing structured data generated
from imaging exams that can be included in the
patient’s medical record. This can provide higher
value reports, and also improve the ability to
associate radiology findings and imaging in gen-
eral with patient outcomes.

The Open CAR/DS framework enables radi-
ologists to generate structured recommendations
for FU imaging that automatically incorporate
information on the exact exam being recom-
mended, acceptable substitute exams, indication
for the FU exam, and timeframe in which that
exam should be obtained. This will permit these
recommendations to be automatically used by
downstream systems. For example, an EMR
could offer one-click ordering of the recom-
mended exam. A tracking system could be reli-
ably created to monitor whether the recommended
exams have been obtained.

In addition, Open CAR/DS-enabled systems
can serve as a channel for incorporating other
data science tools such as wearable devices and
artificially intelligent (AI) image analysis
programs. This would allow the creation of a
linkable interface with Al machine learning (Al/
ML) algorithms and report generation systems, in
which the results of a neural network output
could be incorporated into radiology reports
using the CAR/DS framework.

All of these improvements contribute to
more cost-effective patient care and are funda-
mental to radiology’s success in value-based
payment models, as described in the ACR’s
Imaging 3.0 vision. Large-scale implementa-
tion of the CAR/DS tool has the potential to
dramatically change the radiologist’s practice,
by shifting the conventional interpretation task
toward a more integrative role, in which report
recommendations reliably guide care pathways
(Allen and Wald 2013).

7 Future Directions

The Open CAR/DS definition format serves to
separate the content of clinical guidelines from
the vendor functionality implementing the
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CDS tool. From the vendor perspective this
means that individual software vendors can
decide how best to implement the CAR/DS
interaction for their specific use case. This
freedom will empower them to adapt the expe-
rience for their particular use case and should
translate into a growing, evolving ecosystem
of CAR/DS functionality, creating a healthy
competition to provide the richest CAR/DS
implementation. In turn, this should also
improve the fluidly of the workflow integra-
tion over time. From the guideline creator per-
spective, this means that anyone (e.g.,
individual radiologist, radiology group, or
professional society) can craft CAR/DS mod-
ules and then make available to others, poten-
tially creating a marketplace of CAR/DS
modules. From this marketplace practices can
choose the best and most trusted tools to make
available to their radiologists.

Data to support the value of assisted reporting
tools in radiology is still very limited. More
robust research assessing for improvements in
radiologist practice is expected in the near future.
The results of such research will provide objec-
tive analyses of the impact of clinical implemen-
tation of the CAR/DS tool that would be of value
to payers, healthcare IT vendors, policy makers,
and practicing radiologists.

Lastly, as a structured reporting system, the
CAR/DS will generate large-scale structured
clinically relevant data. This means the poten-
tial for improved data collection and mining.
The CAR/DS framework can be tailored to
automatically populate research registries mak-
ing large-scale outcome studies more feasible
and less expensive. On the individual level, the
CAR/DS framework will allow for more accu-
rate peer review metrics, including inter- and
intra-radiologist report variability, compliance
with guidelines’ recommendations for imaging
FU, and ordering provider compliance with
imaging FU recommendations. In an iterative
process, the data collection and research fos-
tered by the CAR/DS technology can inform
both individual radiologists and societal guide-
lines, moving radiology practice even more in
line with clinical evidence.
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Good communication is essential in medicine, and
particularly in radiology. Radiology is a supporting
specialty with a mainly consultative function. The
service rendered by radiologists can be roughly
divided into two distinct but inseparable parts:
analyzing the images on the one hand, and report-
ing the findings on the other. The radiology report

DOI 10.1007/174_2017_113, © Springer International Publishing AG

Published Online 01 September 2017

119


http://crossmark.crossref.org/dialog/?doi=10.1007/174_2017_113&domain=pdf
mailto:erik.ranschaert@gmail.com
mailto:jan.bosmans@ugent.be

120

E.R.Ranschaert and J.M.L. Bosmans

is the core of the communication by the radiologist
(Flanders and Lakhani 2012), and in a way our
product, the end stage of the workflow.

The report serves several purposes. Its primary
role is medical: it usually mentions the clinical
information at the time of the examination, the
clinical question, the type of study that has been
performed, a detailed description of the findings,
and finally an impression or a conclusion, i.e., a
medical interpretation of the findings, and ideally
an answer to the clinical question. But the report is
also a medicolegal document: it describes the type
of care provided, the question to be answered by
the study, the results and limitations of the study,
the findings, and the conclusions based on these
findings. Moreover, the document justifies reim-
bursement of the study and may be used for train-
ing, education, research, and quality control. Last
but not least, it can play a role in the communica-
tion with the patient (Flanders and Lakhani 2012).

The interests of both patients and referring
physicians are best served if the following condi-
tions are met:

e A thorough preliminary clinical examination
of the patient by the referring clinician

* A summary in the examination request of the
most relevant clinical information, notably a
working diagnosis, relevant symptoms, and
open questions

The presence of this information enables the
radiologist to interpret the images in the right
context, and thus to provide the most accurate
and cost-effective diagnostic approach. Access of
the radiologist to the electronic health record
(EHR) and active consultation of the information
by the latter can further facilitate this. The grad-
ual introduction of electronic applications will
make it possible to automatically integrate rele-
vant information from the EHR into the request
(the so-called integrated and actionable request).

1 The Radiology Report

For many decades, reports and radiological docu-
ments were stored and archived in physical form.
Results were often delivered late, and a consider-

able number of radiological documents and
reports got lost.

The times when handwritten reports together
with the “plates” were delivered to the referring
physician by courier, or handed over to the patient,
are long gone. Thanks to voice recognition tech-
nology and the Internet, great progress has been
made in the composition and distribution of the
report. Paradoxically, the form and content of the
report have changed little since the early years of
radiography. In most cases, the radiology report is
still a piece of prose, consisting of a description of
the findings, followed by a problem-oriented
interpretation of those findings.

The introduction of digital solutions such as
PACS and RIS, together with voice recognition
software, has significantly improved the work-
flow. Results can now be delivered on time, with
or without the intervention of a transcriptionist.
The advent of Internet technology has made it
possible to immediately communicate critical
findings. This, however, is not enough to meet the
needs of present-day interdisciplinary medicine.

The report remains the cornerstone of the com-
munication from radiologist to referring physician.
However, while the report can now be composed
and distributed rapidly, its content still shows a
wide variety of style and clarity (Bosmans et al.
2009). The call for a “standardized” type of report
is getting stronger. That is not new. Already in
1899, one of the first editors of the American
Journal of Roentgenology (AJR), the Detroit,
Michigan-based radiologist Preston M. Hickey
(1865-1930), expressed the view that there was a
need for a more standardized approach to radio-
logical reporting. In the early twentieth century, he
introduced the term “interpretation,” thus referring
to a probability-based process in which specialized
knowledge was required to reach a conclusion that
could lead to a diagnosis. It was his opinion that
reporting was most often so ambiguous that it was
impossible to extract a diagnosis out of it, or to cor-
relate radiological findings to the clinical problem
(Flanders and Lakhani 2012; Wallis and McCoubrie
2011). He was also very disappointed by the lack of
training of residents in describing and characteriz-
ing defects. Charles D. Enfield, a contemporary of
Hickey, criticized radiologists who did describe
findings in detail but omitted a conclusion.
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The fundamental purpose of reporting is
unchanged from what it was a century ago
already. The value of the radiologist resides in
his or her ability to recognize and coherently
describe relevant findings, but also to express an
opinion on the clinical implications. To achieve
this, radiological terminology must be clear and
unequivocal, and structure consistent. The net
result must be that previously open clinical ques-
tions get an answer.

To our knowledge, teaching how to report,
either in theory or in practice, is rather seldom an
essential part of a structured training program for
future radiologists (Sistrom et al. 2004). Residents
therefore depend on their trainers and fellow train-
ees to learn the relevant terminology and develop-
ing a reporting style. According to this
apprenticeship model, the language of the radiol-
ogy report is handed down from generation to gen-
eration. This evokes associations with the
storyteller tradition of our ancestors prior to the
introduction of writing, a tradition that lives on in
some indigenous peoples. During apprenticeship,
the apprentice concocts a personal radiological
thesaurus from the expressions, standard phrases,
and idiosyncrasies passed on by trainers and peers.
New technological developments bring along new
terms, so this thesaurus continues to evolve. New
insights acquired by the apprentice can likewise
assert their influence. Simultaneously, language in
the broadest sense continues to evolve, a process
that speakers are generally little aware of. Taking
all this into account, the question remains whether
the radiology report ultimately serves the set
objective, i.e., to ensure effective communication
on the results of the examination (Bosmans 2011).

2 Basic Characteristics
of a Radiology Report

While radiology itself from its conception in the
dark days of late November 1895 has made prog-
ress at a breathtaking rate, how to report the find-
ings has not been of much concern to anybody for
almost a century. Grigg (1965) relates that at the
beginning of the X-ray era, some considered
radiographs as self-explaining. Others used
arrows to elucidate pathological findings. Those

who took the trouble to describe their findings
produced something that looks like a present-day
free-text report. The description of an abdominal
X-ray quoted by Grigg is an iconic example.
Grigg further quotes the US Army X-Ray Manual
(1918) and books by the aforementioned Charles
D. Enfield (1925); Schinz, Baensch, and Friedl (in
German, 1928); Glasscheib (in German, 1936);
and Reynburg (in Russian, 1938) as containing
passages or chapters on radiology reporting. As to
papers in peer-reviewed journals, Grigg states that
guidelines were usually presented in editorials,
and thus deleted from the annual table of contents
(Grigg 1965). Well into the second half of the
twentieth century, formulating guidelines for radi-
ology reporting remained a concern for “wise old
people,” and indeed mostly took the form of an
editorial, or even a letter to the editor.

3 Of Wise Men, and the Lack
of a Shared Opinion

In the January 1983 edition of the American
Journal of Roentgenology (AJR), Paul J. Friedman
started his editorial with a sentence that became
emblematic: “Communication is the goal of
radiologic interpretation and reporting.” Friedman
stated that the wide variety in style and content of
radiology reports is evidence that an optimum for-
mat has not yet been found. He reflected on what
a good report should look like: concise (no “mind-
less litany of normal structures”); containing a
short description of mild abnormalities which can
be attributed to the age of the patient; aimed at
answering the clinical question; consisting of a
descriptive part in which different observations
are neatly organized; and ending on an impression
or a conclusion that contains some level of cer-
tainty. He mentioned the conviction by some that
the impression (the conclusion) should come first,
but advocates logical reasoning to come to an
impression at the end of the report. In the interest
of unequivocal communication, every report that
is longer than two sentences should contain an
impression (Friedman 1983).

Conrad S. Revak reacted to Friedman’s edito-
rial by presenting his own view. Taking into
account the brevity of his letter to the editor,
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Revak offered the reader a cornucopia of advices
to create what he considers a good report: brev-
ity; a narrative style; the use of paragraphs to
separate pathology; the present tense; avoid
“there is”; respond to questions in the request;
avoid rigid word patterns; put the most important
findings first; use inductive logic; give an impres-
sion if the description contains more than three
sentences; discuss complicated cases; mention
incidental findings only when relevant; state a
degree of certainty; measure what is measurable;
avoid radiologic slang; and if something goes
wrong, deal with it in a business-like way, avoid-
ing a tale of woe (Revak 1983). Fifteen years
later, R.R. Armas will summarize the qualities of
a good report as “six c¢’s: clear; correct; contain-
ing a confidence level; concise; complete; and
consistent (Armas 1998).

In 2000, Harvard’s Ferris M. Hall authored an
elaborate set of advices. In this “primer for resi-
dents and wayward radiologists,” Hall points at
new developments, such as computer-generated
reports and the Breast Imaging Reporting and
Data System (BIRADS), which are proof that
efficient conveying of information does not
require complete sentences in a narrative style.
Since Revak’s letter, things have clearly evolved!
Hall shows himself an adversary of pleonasms
(“‘an aphthous ulcer”) an advocate of “there is”
(1) and of acronyms (“when usage is well estab-
lished”); a convincing challenger of expressions
nobody understands the meaning of anymore,
such as “a wet reading”’; and of misconceptions,
such as calling a contrast product “a dye.” The
baseline however is that Hall admits that his own
opinions are constantly being challenged by col-
leagues with differing views (Hall 2000).

In 2008, Francesco Schiavon and Fabio
Grigenti bundled the experience of former authors
with their own, in the 138 pages of “Radiological
Reporting in Clinical Practice.” The book offers a
solid theoretical basis for some of the principles of
radiological reporting. In the introduction, the
authors declare that they want to “encourage dis-
cussion of reporting within two often distant
areas—medical and scientific knowledge, and
humanistic and philosophical learning.” They
rightly state that “people called upon to write a

report are not always aware of the technical, logi-
cal and conceptual processes governing the opera-
tions being carried out.” Plato’s reflections on how
ideas derive from images are never far away in the
rest of the book. It is fascinating reading, but resi-
dents who are looking for a quick way to improve
their reporting skills will have to absorb a consid-
erable amount of philosophy to find practical tips
(Schiavon et al. 2008).

Of a totally different order is a more recent
book by Curtis P. Langlotz. In “The Radiology
Report, a Guide to Thoughtful Communication
for Radiologists and Other Medical Professionals”
(2015), Langlotz first sketches the history of the
report, from the very early days till today’s speech
recognition, PACS (picture archiving and com-
munication system) and RIS (radiology informa-
tion system). The highly fashionable trend
towards structured reporting gets much attention,
and even that appears to be much older than one
would suspect, taking into account the plea in
favor of standardized roentgen reports, including
nomenclature, by the aforementioned Detroit
radiologist Preston M. Hickey (Langlotz 2015).

All these laudable attempts to improve the
quality of the radiology report only emphasize
that there is no universally valid opinion about
its structure and content. To this day, both are
strongly influenced by the personal preferences
and experiences of radiologists. Style and lan-
guage often depend on the kind of work they
perform, on the subspecialty they practice, or
on the institution where they have been trained.
In addition, culture, traditions, and even limita-
tions of the institution where they work influ-
ence reporting style. That is not necessarily
negative: referring physicians can get used to
the way their fellow radiologists express them-
selves, resulting in a symbiosis of perfect mutual
understanding. On the other hand, radiologists
often know how their reports are received and
appreciated by referrers, and may do their best
to comply with their demands. One may safely
assume that most radiology reports are accurate
and make a meaningful contribution to diag-
nostic and therapeutic management of a patient
(Flanders and Lakhani 2012; Sherry et al. 2011;
European Society of Radiology (ESR) 2011a;
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Bosmans et al. 2011a, b). A less positive side
is that many radiologists tend to overestimate
the quality of their own reports. In the ROVER
survey, not less than 40% of the radiologists
thought their reports were better than those of
their colleagues (Bosmans et al. 2011a).

Theoretically, the effectiveness of radiology
reports can be derived from the number of recipi-
ents who understand the report. Usual recipients
are referring GPs, specialists or residents, other
caregivers, and fellow radiologists who consult
priors or prepare a multidisciplinary meeting. The
number of patients who have access to the report is
rising as well (Flanders and Lakhani 2012). While
most GPs are highly dependent on the report,
many specialists use the report as a reference doc-
ument when analyzing the images themselves,
especially in case of rather simple studies, such as
conventional radiographs. The radiologist must
also consider that in some cases the recipient will
only read the conclusion of the report, although, in
the COVER survey, two-thirds of the referring cli-
nicians denied doing so (Bosmans et al. 2011a).
Moreover, the digital revolution has considerably
widened the gap between referring clinicians and
radiologists. Fellow physicians visiting the radiol-
ogy department to seek additional information
have become rare. Due to these evolutions, the
radiology report has gained even more importance
as a sole means of communication, which must be
an additional stimulus to improve its quality.

4 Elements of the Report

The basic components of the radiological report
are explained in the Practice Guideline for
Communication of the American College of
Radiology (ACR) and the Guidelines for
Radiological Reporting of the European Society
of Radiology (ESR) (Sherry et al. 2011; European
Society of Radiology (ESR) 2011a; Kushner
et al. 2005). What follows is a concise summary
of these guidelines.

Each radiological examination must result in a
final (official) written report, regardless of where the
examination took place. A typical report consists of a
description of the findings and a conclusion/impres-

sion or, if necessary, a differential diagnosis. In each
report, the following elements should be present:

1. Demographic data of the patient and date and
time of the examination

2. Relevant history, clinical information, and
questions

3. A description of the procedure and the findings:
(a) Technique and procedure, including the

administration of contrast and/or the use

of materials.

Findings: The author (radiologist) must

use the correct anatomical, pathological,

and radiological terminology to describe

the findings as accurately as possible.

(c) Potential limitations: the report must
mention all factors that hinder proper
interpretation, such as artifacts.

(d) Clinical remarks: the report has to answer
as well as possible the clinical question in
the examination request.

(e) Comparative data: the study should be
compared with previous similar studies,
where available.

4. Impression/Conclusion/Diagnosis

(a) Unless the report is very short, any report
must contain a conclusion in which, if pos-
sible, an accurate diagnosis is mentioned.

(b) Where necessary, a differential diagnosis
must be included.

(c) Advice concerning additional or follow-
up examinations shall be given where
necessary.

(b)

4.1 Demographic Data

Demographic data include the following: iden-
tity of the patient (name, date of birth, gender),
the patient number in the institution (or the
social security number, used to unequivocally
identify the patient), the location of the exami-
nation, the name of the referring physician, and
type, date, and time of the study (Sherry et al.
2011). In most hospitals where such data is
exchanged digitally via the HIS, RIS, PACS,
and/or the EHR, these elements are automati-
cally added to the report.
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4.2 Clinical History, Information,

and Questions

This section of the report contains a summary of
the condition that necessitates the study (“indica-
tions” or “‘justification’). To make an appropriate
analysis of the images and a correct answer to the
clinical question possible, it is important that the
referring physician briefly states the relevant his-
tory of the patient. The importance of repeating
concise but relevant clinical information in the
report cannot be overestimated, as it offers the
recipient an idea of what the radiologist already
knew at the time of the examination (Flanders
and Lakhani 2012). It allows the referring physi-
cian to check if the radiologist has read the clini-
cal question, and, doing so, get more out of the
report than when the radiologist did not take the
clinical question into account (Wallis and
McCoubrie 2011). It is also appropriate to men-
tion in the report the absence of useful clinical
information, as this may help the reader to under-
stand any sign of uncertainty or confusion in the
report (Wallis and McCoubrie 2011; European
Society of Radiology (ESR) 2011a). In a growing
number of hospitals, the EHR offers digital imag-
ing requests, which allow easy integration of
clinical information. However, studies have
shown that even this automated approach can be
problematic and does not always correlate with
the actual clinical condition of the patient
(Flanders and Lakhani 2012; Van Borsel et al.
2016). Another disadvantage of the automatically
generated request may be that the radiologist
becomes less aware of the need to verify the rel-
evance of the information.

4.3 Technique

In general, it is not necessary to provide a detailed
description of the technique used for a simple
examination, in contrast to more complex stud-
ies, such as radiological interventions, CT, and
MR examinations. Both ACR and ESR advise to
include a brief description of the examination
technique, especially when using a nonstandard
approach (e.g., additional MRI sequences).

Mentioning contrast administration is recom-
mended, including way of access, type of con-
trast, and dose. Allergic reactions must be
recorded and reported (Sherry et al. 2011;
Kushner et al. 2005; European Society of
Radiology (ESR) 2011Db).

The mention of the technical quality of the
study is recommended, especially when it is sub-
optimal (Wallis and McCoubrie 2011; European
Society of Radiology (ESR) 2011b). This is use-
ful to illustrate the limitations of the study, but it
should not be used by the radiologist to justify
the hedge (Wallis and McCoubrie 2011).

4.4 Comparative Studies

Comparison with previous studies (priors), if
available, must be made, including the date of
those studies. The unavailability of previous
studies should be mentioned as well.

4.5 Findings

This is usually the most extensive part of the
report. It consists of a structured, targeted, and
comprehensible description of any abnormality.
The most relevant findings in the context of the
clinical question should be mentioned first. The
structure of the report may be either organ ori-
ented or oriented in function of the disease.
Consistency in this approach is the basis of the
standardized or structured report. A schematic
representation of the structure of a report can be
found in Table 1.

e The terminology should be as accurate as pos-
sible, avoiding loose terms such as “shadow-
ing.” Where measurable, data such as physical
dimensions, signal intensity, signal change,
and/or enhancement of abnormalities should
be quantified.

e Specific positive or negative features that will
affect interpretation of the abnormalities, such
as margin delineation, calcification, or cavita-
tion, should also be described (European
Society of Radiology (ESR) 2011b).
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Table 1 Components of a structured radiology report

Clinical e Clinical history and context
information and e Justification of examination: indication, question, medical necessity
question » Risk factors: allergies (if relevant), renal function

Demographic data | *

Identity data (name, sex, date of birth)
e Identifier/medical record number
* Date, time, and location of image acquisition

Imaging technique |

Type of examination, imaging device

e Details about the technique used, imaging parameters
* Preparation of patient (if relevant)

e Contrast administration (name, dose, route, quantity)
* Technical quality of examination

Comparison .

Date and type of previous examinations reviewed, if applicable
e Absence of priors should be mentioned

Findings .

e Correct anatomical description

* Relevant negative findings
e Relevant incidental findings

Organ- or pathology-oriented structure

» Correct and unequivocal descriptive terminology

* Precise description of abnormality(ies) with concrete and measurable data
* Logical order: most relevant findings first

e Accurate morphological description

¢ Correlation with clinical and other relevant data

* Functional information, quantitative data (if available)

Other * Use of standardized scoring system, if applicable
Conclusion * Summary of the most relevant findings
(impression) * Interpretation of the examination in relation to all other data

* Provision of diagnosis if possible, or short differential diagnosis in order of probability
e Formulate answer to the question
* Recommendation(s) or advice regarding further diagnostics or approach

e The anatomical location of the abnormality
should be described as accurately as possible,
as well as the relation to the surrounding
structures. Including references to relevant
images can help the recipient too.

e Negative findings should be mentioned if
relevant.

¢ Incidental findings should be noted and ana-
lyzed (see “Incidental findings”).

Representing the findings in a structured and
standardized way deserves recommendation,
especially in case of oncological follow-up stud-
ies. Radiologists should adhere as much as pos-
sible to standardized scoring systems, such as
RECIST for oncological follow-up, BI-RADS
for breast imaging, PI-RADS for prostate MRI
imaging, C-RADS for colon cancer CT, and
LI-RADS  for hepatocellular  carcinoma.
Additional structured approaches may be

required in hospitals with specific expertise, e.g.,
in cancer-related surgery of pancreas or rectum.
In close collaboration with referrers, structured
checklist-type reports can be developed. A good
example of a nationwide accepted type of report
is the MRI staging protocol of rectal cancer in the
Netherlands, which can be found on The
Radiology Assistant website (van Loenhout et al.
2015).

4.6 Conclusion or Impression

The conclusion or impression is the most fre-
quently read part of the report, as it summarizes
the most important findings, correlates those to
the available clinical information and to addi-
tional examination results (e.g., biochemical),
and, ideally, answers the clinical question.
Where possible, the conclusion will provide a
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diagnosis, or at least a differential diagnosis,
listed in descending order of probability.
Arguments that make elements in the differen-
tial diagnosis less likely can also be mentioned
or explained. The conclusion should contain an
answer to the clinical question or a statement
explaining why the answer cannot be provided.
If no correlation can be found between the clini-
cal condition and the radiological findings, this
should also be mentioned (European Society of
Radiology (ESR) 2011b). In case of an inciden-
tal finding, the conclusion must mention its clin-
ical relevance. Finally, the conclusion may
contain recommendations for further studies,
either radiological or other. The radiologist,
however, must be aware of the value of these
supplemental studies for the diagnostic and
therapeutic outcome, of the risks involved and
of the supplemental cost for patient and health-
care system. Moreover, the advice must be bal-
anced against the risk that the referrer may
request additional studies to avoid being held
liable if not taking the advice into account
(Wallis and McCoubrie 2011). Radiologists
who do not have sufficient clinical information
are at risk of recommending unnecessary addi-
tional studies. It is therefore advisable to specify
in the conclusion the logic that justifies those
studies.

The phrase "to be correlated with the clinical
findings" should be avoided, as it may be consid-
ered an attempt by the radiologist to cover up
errors or uncertainty. Never must it be used as a
substrate for an accurate diagnosis (Wallis and
McCoubrie 2011).

Table 2 gives some tips on formulating a good
conclusion.

Table 2 Tips for a good conclusion/impression

In short reports no conclusion is necessary

Provide an answer to the clinical question

Try to provide a diagnostic opinion, avoid “hedging”
against errors

Restrict the list of differential diagnoses

Adapt the recommendation(s) regarding further
examination(s) to its impact on the treatment

Systematically mention that the results were already
orally discussed, if applicable, when, and with whom

4.7 Radiation Information

In the European Union, the EURATOM Directive
2013/59, adopted in 2013, will be implemented in
2018. This directive tightens the existing require-
ments for the registration and reporting of dosimet-
ric data and imposes new legal requirements on all
EU member states regarding the information pro-
vided to patients about exposure to radiation. From
6 February 2018, the radiological organizations/
associations and industry must adapt their regula-
tions, practices, and equipment in accordance with
these directives. According to Art. 58.b, informa-
tion on the patient’s exposure radiation during
radiological examination has to be included in the
report (Anon 2013; European Society of Radiology
(ESR) 2015). However, this article does not specify
the form in which this information should be pro-
vided in the report. Most probably, dosimetric data
must be included. This assumption is based upon
the recently published ESR summary of Directive
2013/59, which states that “... it contains signifi-
cant changes regarding ... dosimetric information
in imaging systems and its transfer to the examina-
tion report” (European Society of Radiology (ESR)
2015). This may imply that the data from the
dosimetry system will have to be transmitted elec-
tronically to the RIS or EHR via an HL-7 link, to
include them automatically in the report, which is
more or less similar to the way demographics are
currently imported in the report. What type of radi-
ation descriptor is to be used (dose area product,
dose-length product, organ dose, or other) had not
yet been specified at the time this book was pre-
pared. It may be the subject of further interpretation
of the directive by individual EU member states,
presumably according to the advice by the
European Federation of Medical Physics (EFOMP).
In the United States, those requirements depend on
the individual states.

5 Terminology and Style

The terminology of the report should take into
account the expected level of knowledge of the
reader. Particular medical abbreviations, for
instance, may be perfectly understood by refer-
rers from the same institution, but completely
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unclear to other recipients. As is the case with
esoteric abbreviations in the request form, unnec-
essary or unusual abbreviations should be avoided
in the radiology report as well (Berlin 2013;
Bosmans 2013).

It makes little sense to extensively describe
findings without any clinical significance.
Obsolete and redundant words, such as sentences
starting with “There is ...” can irritate the recipi-
ent. Brevity, as in Revak’s time, is still the hall-
mark of the master (Revak 1983).

The radiologist must always keep in mind
which recipients the report is meant for; one size
does not fit all. While most surgeons seem to
prefer concise, telegram-style reports, other spe-
cialists may value grammatically correct sen-
tences. Radiologists provide services; it is
necessary that we check whether the services
provided meet the expectations of our clients.
Particularly the clarity of the report, tailored to
the level of knowledge of the recipient, is gener-
ally highly valued (Wallis and McCoubrie 2011).

6 The Final Report

The final report is the means by which the results
of a study are formally communicated to the
referring physician. The report may be delivered
either in print or in electronic form. Ideally, the
report is incorporated automatically in the RIS or
EHR. Other, more direct methods of communica-
tion are highly recommended in particular situa-
tions. The delay between study and delivery of
the report will mainly depend on the level of
urgency of the clinical problem.

e All reports must be proofread and signed,
electronically or otherwise.

e The final report must be sent to the referring
physician. The referring physician shares with
the radiologist the responsibility to obtain and
read reports of the studies that he or she has
requested.

e If possible and useful, at the request of the
patient or with his/her consent, a copy of the
original report may be sent or made available
to other care providers, such as GPs or other
specialists.

* If a second reading or opinion diverts from the
initial report, an addendum should be added.
This addendum should be made known to the
author of the initial report, or be added by
himself/herself, or at least added with his/her
permission.

7 Guidelines and Protocols

Medical diagnoses or decisions regarding ther-
apy increasingly depend on imaging. Even
when radiologists make a perfect analysis of
the images, patients may not get optimal benefit
from the examination if communication about
the results is less than perfect. Lack of timely
communication between referring physician
and radiologist has become one of the five most
common causes of malpractice litigation in
radiology in the United States (Flanders and
Lakhani 2012; European Society of Radiology
(ESR) 2011a).

Nowadays, radiological reports are inte-
grated into the RIS or EHR, sent electronically
to the referring physician, or, together with
the images, saved onto a CD-ROM. Some
systems provide delivery monitoring: radiolo-
gists automatically receive a notification when
the report has not been opened within a rea-
sonable time span. Such systems are still
relatively little used. Moreover, they are not
entirely watertight, especially with regard
to life-threatening situations (Flanders and
Lakhani 2012).

Of course, radiologists and referring special-
ists are not confined to the written exchange of
information. Direct communication, either in
person, by phone, or by safely encrypted chat,
must be encouraged. It helps to select the most
appropriate examination, both in terms of medi-
cal efficiency and cost-effectiveness, and can
help referring physicians to better understand the
results and consequences of the examination
(Kushner et al. 2005). It is advisable to mention
in the report the name of the referrer with whom
there has been direct contact, together with the
time at which it happened. If the radiologist
deems that immediate action must be undertaken,
it is his/her duty to contact the referring physician
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without delay. If the referrer cannot be reached,
the radiologist must contact the doctor in charge
of the patient at that moment or, if necessary, the
emergency department. In all circumstances,
including unexpected findings, the radiologist
has to make sure that the results have been
received and understood by the recipient.

The ESR states that timely communication of
urgent incidental findings is the shared responsi-
bility of the institution and the radiologist
(Kushner et al. 2005). Hospitals are expected to
invest in secure electronic communication sys-
tems. Radiologists have to make sure that they
have robust protocols to transmit reports in a
timely, reliable, and consistent way.

- In those communication protocols, radiolo-
gists must specify which means of communica-
tion they use, either directly or indirectly. If
communication is digital, they must specify how
records will be marked as urgent.

- Radiologists are considered to work in accor-
dance with the communication protocols. If there
are none such protocols, the radiologist must take
initiatives to ensure that the report was communi-
cated effectively, regardless of the means by
which this was realized.

For ESR, communication is urgent in case of
any finding by which the patient can experience
harm if action is not taken urgently. Examples are
pulmonary embolism, complicated fractures, and
acute hemorrhage. Consequences of nontreatment
can be so severe that the radiologist must directly
contact the doctor in charge of the patient.

According to the ESR, it is not necessary that
the referring physician is contacted directly if the
radiologist detects a nonurgent clinically impor-
tant incidental finding, such as a tumor. In such a
case, an electronic marker can be attached to the
report, or it can be accompanied by an e-mail
message. Incidental findings in general remain a
subject for discussion, according to ESR. Urgent
communication is necessary when short-term
action needs to be undertaken; if not, standard
communication protocols can be followed.

In the ACR guidelines, in contrast, it is stated
that the radiologist must contact the referring
physician in case of urgent or clinically signifi-
cant incidental findings (Flanders and Lakhani
2012; Sherry et al. 2011). Examples are:

* Findings requiring immediate surgical inter-
vention (e.g., cerebral hemorrhage, cerebral
infarction)

* Findings discordant with the previous inter-
pretation of the same study (or with the interim
report if available), or when omission of nec-
essary action can have a negative effect on the
health of the patient (e.g., a large multiple
sclerosis plaque instead of a brain tumor)

e Unexpected findings that can negatively affect
the health of the patient (e.g., a renal tumor
accidentally discovered on a CT scan of the
lumbar spine)

In those circumstances, direct verbal commu-
nication is necessary, and this must also be
documented.

These ACR guidelines have already caused
much debate. Some consider them outdated, as the
use of structured reporting is increasing steadily, in
conjunction with the secure digital transmission of
reports. Others, however, indicate that these new
technological developments also steadily augment
the expectations of referring clinicians. In addi-
tion, parallel to the increasing complexity of imag-
ing studies themselves, communication too
becomes more complex, thus increasing the work-
load and, by consequence, leaving less room for
effective communication. And in all cases, radiol-
ogists must take care not too frequently being dis-
tracted from their primary task. Getting the right
physician at the phone at the right time can be a
challenge, especially in larger hospitals, where
they often work in teams and shifts at the emer-
gency room (ER). The radiologist must try to
transmit the information to the person who is most
appropriate to take action on short term. A notice
to a secretary cannot be accepted as a substitute.
Assurance that the message was clearly under-
stood by those in charge is indeed an essential part
of the communication process. A difficult question
is how the radiologist can be certain that the mes-
sage has been fully understood, and appropriate
action has been undertaken.

In case no suitable person can be reached, the
radiologist may consider directly providing the
patient with the results, including information on
which steps should be undertaken, e.g., referral to
ER (Flanders and Lakhani 2012).
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8 Closed-Loop Communication

The digitization of radiology, and in particular
the use of PACS, has led to the situation that per-
sonal communication between radiologists and
clinicians has become increasingly rare (Weiss
et al. 2014). In patient care, as we already said, it
is important that diagnostic information is prop-
erly received and understood by the recipient.
When communication is synchronous (in person,
by phone, or by encrypted chat), that is usually
not a problem. The main disadvantage of syn-
chronous communication however is that it can
be very time consuming for both the radiologist
and the referring physician. Most problems occur
in electronic or asynchronous communication.
Thanks to speech recognition, radiologists can
report their findings almost in real time and send
the result to the RIS or EHR. In most of these
systems, however, there is no mechanism to
ensure that the referring physician has read and
understood the report.

Creating a closed-loop communication, pro-
viding certainty that results and advice were
received and understood is currently one of the
most fundamental challenges in radiology man-
agement. A system that starts with an electronic
request, conduction of the study, creating a
report, sending the report to the recipient, and
finally confirmation of receipt, all that without
the intervention of the radiologist, is currently
nonexistent and will perhaps remain utopian
(Weiss et al. 2014). To attain a closed-loop com-
munication, it is necessary that all software sys-
tems are seamlessly connected, and linked with a
data model that allows carrying out the necessary
quality controls and benchmarking.

One of the links of the loop is speech recogni-
tion. Indispensable as it may be these days, it can
be the cause of many errors, due to faulty pronun-
ciation, accent, poor microphone position, back-
ground noise, inability of the system to recognize
particular words, etc. Speech engines get better all
the time, and the brighter cousin of speech recog-
nition, natural language processing (NLP), is
coming our way. Some companies already offer
this feature as “clinical language understanding”
(Weiss et al. 2014). NLP is indeed able to filter
meaningful information from dictation, e.g., to

produce automatic structured reports. It facilitates
text and data search, and thus can be used to auto-
matically correct reports (Weiss et al. 2014).
Ideally, NLP would systematically screen reports
for critical terms, and warn the radiologist that
urgent action needs to be undertaken. After verifi-
cation by the radiologist, the system could then
further automatically activate various communi-
cation techniques, such as encrypted messaging
services and SMS messages via the internal tele-
phone network. A voice message could be added
or linked to the report automatically. Unanswered
messages could trigger a call to another person.
For less urgent findings (e.g., an incidental lung
nodule) an e-mail or nonurgent message might be
sent, still with verification that the message has
been read (Flanders and Lakhani 2012). If none of
the medical recipients can be reached, the assign-
ment could be given to a radiological secretary, to
verify manually the timely receipt of the report by
the referring clinician, on a regular basis.

Some institutions have developed dedicated
software to facilitate critical imaging test result
communication. An example of such a system is
the Automated Critical Test Result Notification
System (ANCR) that was developed at the
Brigham and Women’s Hospital in Boston. When
the radiologist activates the ANCR while review-
ing an imaging study in which a critical result
was identified, he/she can select an appropriate
alert level depending on the emergency of the
finding. Consecutively, an alert notification is
sent to the referring clinician through a paging
and/or e-mail system. The results of a study con-
ducted with this system have shown that the use
of ANCR reduces medical errors and improves
the quality of patient care (Lacson et al. 2014).

In closed-loop communication, it would also
be possible to include follow-up information,
such as the advice to carry out additional studies.

9 Structured Reporting

As we have shown earlier, the narrative report has
undergone little or no change in the course of
120 years. Since the middle of the 1980s how-
ever, numerous surveys have shown that both
radiologists and referring physicians prefer
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structured (preformatted, itemized, tabular ...)
reports (Bosmans 2015). Elsewhere in this book,
Marta E. Heilbrun elaborates on the subject.
Therefore, we only briefly explain why, in most
cases, the narrative report should be abandoned
in favor of a structured report.

Despite multiple advantages of structuring the
radiology report, many radiologists are still
reluctant to embrace the idea, which delays its
large-scale introduction. One of the reasons for
their hesitation is the lack of standardization in
reporting. Another reason is the lack of technical
support and the scarcity of SR-based applications.
In addition, radiologists are afraid that the intro-
duction of SR will necessitate a considerable
investment of time, and will hinder and slow
down the workflow.

Nonetheless, there is a growing demand and
need for SR (European Society of Radiology
(ESR) 2011b) for various reasons. Using SR,
information is presented in a reproducible,
unequivocal way, which contributes to more accu-
rate communication. The radiologist is invited to
use a kind of checklist, which facilitates com-
pleteness. If the software is good, SR can be time-
saving, and thus make workflow more efficient.

SR makes it possible to retrieve data in a (semi-)
automated way, by applying techniques such as
NLP (natural language processing), and by imple-
menting an underlying standardized coding sys-
tem, such as RadLex or SNOMED-CT. This is an
asset for research, auditing, and education.

At this moment, most models for SR are based
on a modular format template, consisting of func-
tional, “itemized” sections. In some centers, start-
ing speech recognition software automatically
opens the right template for a particular study.
Each section contains a checklist-type summary
of the topics that need to be addressed. A large
part of this information can be filled in automati-
cally (e.g., demographic data, clinical informa-
tion, clinical question, technique), which saves
valuable time. Theoretically, additional relevant
information, such as measurements, comparative
metrics, annotations, key images, and multimedia
data can also be integrated (semi-) automatically.
Copying errors can thus be prevented, which
increases the recipients’ confidence in the report
(European Society of Radiology (ESR) 2011b).

Ideally, structured reports are linked to an
underlying coded lexicon or ontology (European
Society of Radiology (ESR) 2011b). Not all radi-
ologists are in favor of this approach, as they feel
“forced” to adopt a vocabulary which may not be
their own. Reports using nonstandardized termi-
nology, however, have been shown to be less
understandable (Flanders and Lakhani 2012).
Moreover, an underlying ontology makes it eas-
ier to automatically translate reports, to extract
data for scientific and epidemiological purposes,
and to feed “deep learning software” and auto-
analysis. To facilitate data exchange and optimize
technical support, international standards need to
be developed and implemented for SR, similar to
the DICOM standards for image exchange
(Rylands-Monk 2015). RSNA and ESR support
the MRRT (“Management of Radiology Report
Templates™) standard, which was developed by
the IHE Radiology Committee. Adhering to these
standards will also facilitate the linking of under-
lying metadata or encoding(s) of the report to
other data, such as those obtained from computer-
based morphological image analysis, which is of
major importance for the further development of
deep learning algorithms. Using advanced tech-
niques such as NLP, it will be possible to develop
tools that utilize the data of the reports for other
applications, such as clinical decision support
(CDS), workflow analysis, and quality manage-
ment (Weiss et al. 2014).

Increasingly, political decisions in healthcare
are based on evidence and cost-benefit analysis.
This in turn increases external pressure to imple-
ment standardization, such as SR. Although radi-
ology has always embraced new technology,
introducing SR will require extraordinary efforts.
Financial incentives may be required to motivate
the acceptance of new ways of reporting.

10 The Report of the Future

The future radiologist will be a communication
specialist. Where today communication is mainly
limited to getting requests and providing reports,
radiologists will increasingly have to communi-
cate with patients as well. Further integration of
structured reporting in the workflow can contribute
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Fig.1 Comparison of the route of the conventional prose
report with the structured report (SR). The conventional
report (left) is stored in a printed version or electronically
in the EHR. The electronic SR (right) is rich in metadata
and offers the possibility to feed several automated pro-

positively to the transformation of the profession
in several ways.

A structured report rich in metadata allows the
addition of many other functions (see Fig. 1). The
invisible associated metadata and codes can be
linked to other databases. This data can then be
used for other automated processes, such as the
generation of different types of reports, depending
on the type of recipient. Using structured report
data and associated metadata, a computer would
be able to make a prose-rich report. Ambiguous
and confusing terminology or structure would be
filtered out automatically. The report would also
automatically be adjusted to the preferences or the
background of the referring clinician (specialist
versus general practitioner) or even the patient.
Different users, in other words, using a variety of

%
N

Business

analytics

Quality assurance &
safety

cesses, such as the creation of different types of reports,
communication of critical findings with verification,
automatized collection of data for research, business ana-
lytics software, quality management, and invoicing

software “glasses” to read the report, would each
get exactly the kind and level of information they
need, i.e., information pertinent to their needs and
expectations. If a standardized lexicon underlies
each structured report, relationships can be estab-
lished more easily with related terminology (syn-
onyms), or even other languages. This would
allow the automatic creation of patient-centered
reports (using layman’s terms) as well as reports
with highly specialized content, directed at the
specialist. Software to create easy-to-use multime-
dia structured reports already exists today
(Ranschaert 2016). Through incorporation of NLP,
metadata are automatically extracted from narra-
tive text dictated by the radiologistwith the pur-
pose of tagging relevant images. All data are
assembled into a graphical representation of the
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patient, with the key images linked to anatomical
sites (Fig. 2). Thereport data can also be integrated
into a follow-up timeline displaying the evolution
of the disease, integrating all therapies and obser-
vations. In addition this information can be used
for data mining. Media-rich reports will create
value for both referencing physicians and patients.
From these reports, the referring physicians will

not have to guess anymore what the radiologist is
referring to. In addition, the need to fully translate
reports into lay language could be eliminated,
since key findings can be directly annotated and
marked on the images so that they are explained
for patients in an understandable manner.
Another new development is to provide
patients with an online system that adds descrip-
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tions/definitions and illustrations to the medical
and technical terms used in the report. A recently
published study (Cook et al. 2017) has shown that
such a system allows patients to better understand
the report. For this purpose, a Patient-Oriented
Radiology Reporter (PORTER) tool was devel-
oped. It uses a Web-based interface for patients to
add annotations from a lexicon to the text of the
report, as well as anatomical drawings and hyper-
links to additional information. In the study, this
PORTER tool was used to clarify reports of knee
MRI studies for 7 months. Of the patients who
viewed the online report, 77% agreed that the
additional annotations helped them to understand
the report. To 91% of users, the drawings were
very helpful, which proves that anatomical images
in multimedia reports can be very useful
(Ranschaert 2016; Cook et al. 2017).

New standards need to be developed to ensure
that structured reports containing quantitative
data, metadata, and multimedia content become
easily transportable, exchangeable, and machine
readable, so they can be integrated into other
applications, such as automatic workflow analy-
sis and invoicing (Fig. 1).

Reports will be used to feed other databases, so
clinical decision support software can be
improved, and national and international monitor-
ing and/or benchmarking of radiation becomes
much easier. Links to imaging biobanks will facil-
itate deep learning techniques, and thereby con-
tribute to the improvement of automated image
analysis. It is however necessary that healthcare
organizations and policy makers fundamentally
change the way they experience the role of radiol-
ogy. The seamless sharing of data, with appropri-
ate levels of security and confidentiality, requires
new national and international policy guidelines
as well as daring strategic investment.

11 Reporting Training
for Residents

During training, little attention is paid to reporting
skills. The training of radiology residents must
lead to well-trained radiologists, who are not only
able to interpret radiological examinations but also

to communicate efficiently with referring clini-
cians, patients, and other stakeholders (Cook et al.
2017). Usually, radiology residents learn to report
according to the apprenticeship model. That
model, however, has many shortcomings (Bosmans
2011). Moreover, the way interim reports are cre-
ated which need to be reviewed, amended, and
validated by a supervisor is prone to errors. In
most cases, supervision takes place through oral
consultation. The availability and motivation of
the supervisor can determine whether the report is
reliable or not. In some institutions, residents are
expected to actively follow the studies they have
made and to check the final report, but this does
not always happen consistently. The quality and
quantity of the feedback by supervisors can vary
widely, and are usually not well documented
(Gorniak et al. 2013). At present, it is already pos-
sible to evaluate the reporting skills of radiology
residents longitudinally and qualitatively in a few
digital platforms, but it is not yet a part of their
formal evaluation (Gorniak et al. 2013; Surrey
et al. 2013). Most tests and evaluation programs
focus primarily on the resident’s assessment skills,
rather than on the ability to create a coherent and
proper radiological report (Gorniak et al. 2013).

In view of the increasing importance of good
communication in radiology and medicine, we
believe that it would be useful to pay more atten-
tion to the longitudinal evaluation of the report-
ing skills of future radiologists. There is certainly
space for a formalized test to objectively evaluate
their communication skills, including their abil-
ity to report. Such implies, of course, that the
supervisors themselves are “trained to train,” and
above all that they acquire excellent communica-
tion and reporting skills.
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Abstract

Image interpretation is the core process of
radiological workflow. Current visualization
environments contain a set of tools to help in
the annotation of relevant imaging findings.
However, there still exist important challenges
for interoperability between different plat-
forms when working with annotated images.
How the annotations and findings are reported
is also evolving, moving from traditional
descriptive texts towards item-based struc-
tured reports. Finally, thanks to the recent
advances in the artificial intelligence science,
specifically in machine learning algorithms it
has been possible to implement a growing
number of computer-aided detection solutions
to assist radiologists in the image interpreta-
tion process. Image interpretation is under a
process of paradigm shift, from traditional
image reading through observation and free
text reporting of the findings, towards the
inclusion of new technologies in the loop such
as computer-aided detection and diagnosis
(CAD), imaging biomarker extraction, and
structured reporting. The advance in interop-
erability between systems to standardize
image annotation formats, together with the
growing use of structured reporting and
Al-assisted image reading, will shape radiol-
ogy as one of the most relevant data sciences
in the era of precision medicine.
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1 Introduction

Image interpretation is the core of radiological
workflow. The radiologist has to read the images
with efficiency and effectiveness and translate
them to understandable and meaningful informa-
tion from the patient health status. The images
will be provided by any of the different modali-
ties available nowadays with enough diagnostic
quality after a referring physician asked for the
examination due to the conditions and symptoms
of the patient.

In this process, the radiologist can be
abstractly compared to an infinitely complex
system with specific inputs, internal processes,
and outputs. The inputs consist of all the clinical
information available from the patient, together
with lab data such as blood test results or genetic
information. Previous imaging studies and
quantitative information extracted through the
image reading process are also considered,
among many other inputs. The processing that
the radiologists perform to these data does not
follow simple rules, but takes into account
everything the specialist has learned mainly
since the beginning of medical studies and con-
tinued through accumulating knowledge and
experience in the professional career. Spatial
orientation, memory, and even psychological
characteristics like self-confidence and attitude
can influence how the images are interpreted.
All these data and factors are combined together
with imaging findings in order to provide an
output in the form of a text-based report that has
to be as reliable and concise as possible.

The most relevant part of the image interpreta-
tion process is the visual analysis of the images
themselves. This process is typically performed in
the picture archiving and communication system
(PACS) visualization environments that contain a
set of tools to help in the annotation of relevant
imaging findings. These tools allow to indicate
alterations, measure lesions, and define regions
of interest. Image features and their location
within the region examined, either observational
or computational, can be attached to an image.
As it will be reviewed in this chapter, there still
exist important challenges for interoperability
between different platforms when working with

annotated images, although projects for standard-
ization like the Annotation and Image Markup
(AIM) have addressed the problem (Roy et al.
2014; AIM web page https://wiki.nci.nih.gov/dis-
play/AIM/Annotation+and+Image+Markup+-
+AIM; Mongkolwat et al. 2012).

How image interpretation is well detailed in
the radiological report is one of the key issues
for understanding the status of the patient. As the
end product of radiologist activity, it has an
enormous relevance, as it communicates a diag-
nostic impression from which the care physician
makes important therapeutic and prognostic
decisions in clinical practice. Its quality and effi-
cacy depend largely on obtaining relevant clini-
cal information from the patient. It also has clear
medicolegal implications. There is still a signifi-
cant lack of training and dedication to the correct
elaboration of radiological reports throughout
training periods. The radiological report is cur-
rently under a paradigm shift process, moving
from traditional descriptive texts towards struc-
tured reports, an itemized approach to the
description of findings. Structured reporting sys-
tems can contribute to a greater standardization
of processes and improve communication and
interpretation of findings obtained from medical
imaging. How image interpretation workflow
can be integrated with structured reporting is
also detailed in this chapter.

Thanks to the advances in artificial intelli-
gence (Al) and image recognition algorithms like
convolutional neural networks (CNN) together
with high-performance computing (HPC) capa-
bilities such as the graphical processing units
(GPU), it has been possible to implement a grow-
ing number of computer-aided detection (CAD)
solutions to assist radiologists in the image inter-
pretation process. The main goal of CAD soft-
ware is to increase the detection of disease by
reducing the false-negative rate due to observa-
tional oversights (Castellino 2005). Although
these tools are initially designed as an aid to the
specialist, the recent progression of CNN and
deep learning (one of the most promising machine
learning (ML) technologies especially suited to
analyze bidimensional data such as images) has
raised some concern among the radiologist com-
munity. However, although the technology is
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showing excellent results for daily life images,
the applicability in real clinical scenario for the
analysis of radiological images with success
within current radiology workflows has still to be
demonstrated.

2 Challenges in Image
Interpretation

Image interpretation is the most important part of
the radiological workflow, in which the images
have to be “read” by the radiologist in order to
provide the most accurate conclusion on the sta-
tus of patient organs and tissues. This process is
currently surrounded by technology, typically
performed in workstations with advanced visual-
ization hardware (monitors) and software (image
viewers). Despite image interpretation is techni-
cally performed in most centers worldwide in a
similar way, agreements on specific standards
and criteria for the image interpretation and post-
processing are still lacking.

One of the most important issues related to
image interpretation is the heterogeneity in char-
acteristics of display devices, mainly due to dif-
ferent luminance and resolutions. In order to
minimize heterogeneity across different visual-
ization environments, the grayscale standard dis-
play function (GSDF) was introduced in the
(digital imaging and communications in medi-
cine) DICOM standard (Fetterly et al. 2008). It
consists of the use of a mathematical function
that translates from the grayscale signal value to
luminance data, ensuring similar contrasts
throughout different grayscale ranges in dis-
plays. Beyond luminance adaptation, at a single
frequency, current regulatory requirements
(Ochs et al. 2016) ask for the following tests
required nowadays for achieving CE mark and
Food and Drug Administration (FDA) 510 k
certifications:

e Signal-to-luminance conversion at different
spatial frequencies, therefore defining spatial
resolution

e Location and count of pixel defects

e Presence of artifacts

* Temporal response of screens

e Maximum and minimum luminance and confor-
mance to the grayscale-to-luminance function
e Others

Regarding image manipulation in software
applications, any image visualization or analysis
with diagnostic purposes should be performed
using uncompressed or lossless compressed
DICOM source images (Schulz-Menger et al.
2013) in order to work with real signal intensity
from the images.

Apart from visualization, a recurrent task is to
create different transformations and annotations
to the images. Transformations typically imply
zoom modifications, window-level adjustment,
image flip, and rotation, while annotations mainly
consist of distance measurement, angle measure-
ment, arrow pointing towards a specific finding,
and ROI delineation and extraction of mean signal
(see Fig. 1). Nevertheless, due to interoperability
issues and lack of integration, these new data gen-
erated by the radiologist get lost in other viewers.
The reason for this is mainly that vendors tend to
store the information about the transformations
and annotations performed to the image in differ-
ent places (i.e., different private DICOM tags).

As it can be appreciated, the way proprietary
software encodes annotations and markup suffers
frequently from problems of incompatibility. Some
vendors, however, advancing to the interoperability
era, have already set Extensible Markup Language
(XML) as the format of election. In this sense, the
Annotation and Image Markup (AIM) project was
initiated by the National Institutes of Health (NIH)
Cancer Biomedical Informatics Grid (caBIG) (Roy
etal. 2014; AIM web page https://wiki.nci.nih.gov/
display/AIM/Annotation+and+Image+Markup+-
+AIM; Mongkolwat et al. 2012) providing a com-
mon annotation format that could be used and
shared among different PACS vendors. AIM has a
double benefit in simplicity and understandability,
since it provides a structured and self-defined for-
mat using XML for radiological annotations that
can be easily parsed. A template builder software is
available at NIH National Cancer Institute (NCI)
wiki (AIM web page https://wiki.nci.nih.gov/dis-
play/AIM/Annotation+and+Image+Markup+-
+AIM). In Table 1, the AIM template concepts can
be appreciated.
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| Label | Dese

Fig. 1 Lesion delineated in pink color in left breast
region. Different image annotations can be observed in
the inferior table of the image. On the right, the internal

Table 1 Annotation and Image Markup (AIM) concepts
for the creation of new templates

AIM template builder

concept Annotation concept

Component Item being annotated; for
example, tumor location. A
component can be
anatomic entity, imaging
observation, inference,
calculation, and markup or

geometric shape

Characteristic Descriptive element of that
item; for example, site of
tumor center. Only anatomic
entity and imaging
observation can have
characteristics associated

with them

Represents a possible answer
choice. It is used to describe
the descriptive element of a
component or characteristic.
For example, frontal lobe is
an answer choice for
anatomic entity

Adapted from Mongkolwat et al. (2012)

Allowed term

Once the image annotations are already struc-
tured in a specific format like the one proposed in
AIM, the integration with Health Level 7 (HL7)
standard is not a complex process.

A. Alberich-Bayarri

structure of data in a JavaScript Object Notation (JSON)
file (similar to XML) in QUIBIM Precision® software
platform

3 Integration with Structured
Reporting

The wide variety of style in radiologic reporting
is evidence that the ideal format for the radiology
report has not been found or has not been gener-
ally accepted. In fact, it has been demonstrated
that referring clinicians and radiologists prefer
“itemized,” “tabular,” or “structured” reports of
complex examinations rather than for reports in
free text (Bosmans et al. 2011).

Nevertheless, the current radiological work-
flow is in most cases still consisting of free text
and not in a structured and standardized proce-
dure of reading and communicating the findings,
despite the efforts of professional societies like
the RSNA and ESR in Management of Radiology
Report Templates (MRRT). The IHE MRRT pro-
file defines all the procedures for the manage-
ment of reporting templates (IHE Radiology
Technical Committee 2015; IHE Radiology
Technical Committee 2012), and also their for-
mat and modules. Specifically, it is stated that the
templates should be in HTML format and are
generated by a “report template creator.”
Thereafter, the templates are stored and managed
by a “report template manager,” which then
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Report template creator

manager

Report template

HTML

Hepatocarcinoma template HTML,

2
Radiologist
* Report creator -
HTML XML
DICOM-SR
JSON

Lung cancer template HTML,
- Multiple Sclerosis template HTML,
Cartilage Osteoarthritis template HTML,

. HTML,

Fig.2 Different components involved in structured report generation following IHE profile (IHE Radiology Technical

Committee 2015)

provides them to a “report creator” where they
are made available to a radiologist for reporting
(Pinto Dos Santos et al. 2017). See Fig. 2 for this
relationship.

Regarding software tools, there is an atomized
market of different solutions and open-source
tools that can aid to integrate DICOM structured
reporting (SR) in clinical routine. These plat-
forms, however, fail to integrate with most PACS
and radiology information systems (RIS) in a
meaningful way. All these interoperability issues
imply a lack of data exploitation capabilities, not
only for scientific purposes, but also for a better
understanding of the disease. As an example,
with an appropriate integration it would be pos-
sible to store all the ROIs delineated in hepato-
carcinoma cases and automatically handle
location, areas, volumes, and shape descriptors.
This would not modify workflow, since ROIs or
the diameters are today delineated to extract
information from lesions. These data, however,
are cited in the report but usually are not handled
properly in databases of current information
systems.

Structured reports, used for appropriate orga-
nization of the findings when the radiological
reading is performed, have also to be managed,
stored, and communicated to referring special-
ists; therefore they have to follow the description
available in supplement 23rd of DICOM standard

(Clunie 2000). DICOM Structured Reporting
(DSR) defines data structures (patient, episode,
images, annotations, derived biomarkers, and
short reports) and gives recommendations on
storage, consultancy, recovery, analysis, and
transference. A structured report is compound by
a group of tags related in a treelike hierarchy
(Clunie 2000; Pomar-Nadal et al. 2013) orga-
nized in XML documents using templates or
style sheets.

Besides image annotations, different imaging
biomarkers extracted by computational analysis
techniques need to be integrated with the struc-
tured report (Marti-Bonmati and Alberich-Bayarri
2017). Most of the imaging biomarker solutions
are distributed among workstations and portals
offered by big companies like Siemens (Munich,
Germany), Philips (Best, The Netherlands), or GE
Healthcare (Chicago, IL, USA) and small provid-
ers like Cortechs Labs (San Diego, CA, USA),
Arterys (San Francisco, CA, USA), Icometrix
(Leuven, BE, Belgium), Image Analysis UK
(London, UK), Mint Medical (Heidelberg,
Germany), Quantib (Rotterdam, The Netherlands),
QUIBIM (Valencia, Spain), and Olea Medical
(now part of Canon-Toshiba, La Ciotat, France).
These quantitative image analysis solutions usu-
ally find interoperability issues when trying to
transfer information with hospital information
systems (HIS) and electronic health records
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(EHR); therefore a simple operation like search-
ing in the information systems for the last-year
chronic obstructive pulmonary disease (COPD)
patients with a percentage of CT-derived emphy-
sema between 5 and 10% is not possible. This
kind of data management would allow for a better
understanding of the tissue and organ alterations
in the disease and their relationship with patient
characteristics and associated clinical or lab data.

In order to integrate imaging biomarkers with
structured report, a potential solution is to share
standardized XML or JSON files containing the
imaging biomarkers results with the MRRT soft-
ware application present in the department. To
authors’ experience, in order to solve interopera-
bility issues and connect imaging biomarkers
together with structured reporting to the PACS
and RIS solutions, the architecture of Fig. 3 has
been implemented, using QUIBIM Precision® as
the imaging biomarker platform, fully developed
in-house, and IHE-compliant MRRT web appli-
cation from Mainz University (Pinto Dos Santos
etal. 2017).

Fig.3 Architecture of
software applications
needed to integrate
structured reporting with
imaging biomarkers in a
PACS—RIS
environment that
initially does not support
quantitative imaging
data exploitation and
structured reporting
templates management.
An in-house imaging
biomarker solution was
implemented and the
IHE-MRRT software
tool was used as the
structured reporting
platform (Pinto Dos
Santos et al. 2017)

DICOM
studies to be
analyzed

Platform

Parametric maps
and DICOM-SR

Imaging Biomarkers

Imaging Biomarkers Database
with all quantitative parameters
extracted from the images
allowing for data search and
exploitation

4 Artificial Intelligence
and Image Interpretation

Data complexity in radiologic examinations is
significantly growing with the technology evolu-
tion of image acquisition equipment, with a pro-
gressive increase in the number of images, and
their spatial and temporal resolution, besides
other characteristics. Image interpretation work-
flow is therefore moving from the straight obser-
vation and interpretation of these images towards
the addition of structural and functional informa-
tion extracted from them by means of computa-
tional analysis. As a consequence, software
solutions that assist the radiologist in the image
interpretation process in image classification and
findings detection as a pre-reading of the studies
are a growing need.

The recent Al advances in CNN and HPC
already introduced have allowed for the creation
of new solutions mainly based on deep learning
technology that can be applied mainly in two situa-
tions: automated annotations and segmentation.

A
XML and
Plain Text

Integrated URL
study-specific
launch

JSON
Main database with all Structured

Report fields allowing data search and
exploitation
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The main reason for their application to radiology
field is that these technologies have performed
with excellent results in daily-life image annota-
tion and region detection. This progress has also
been the seed of a growing concern among the
radiology community about a potential substitu-
tion of radiologists by Al-based algorithms.
However, this approach should be carefully con-
sidered once we take into account that the amount
and complexity of information that has to be pro-
cessed by radiologist mind are enormous and
high, respectively. Radiology is about not only
image recognition, but also a high amount of
context information. Even more, data managed
in the image interpretation process is highly het-
erogeneous: patient characteristics and habits,
clinical status, previous clinical episodes, lab
test results, previous examinations, imaging
findings, and so on. This should be taken into
account in order to avoid reductionist arguments
when new human-threating machine learning
implementations are currently proposed. To
author impression, machine learning capabilities
are currently in the top of the hype cycle for
emerging technologies (Hype cycle for emerging
technologies 2016) and a future normalization is
expected where technology will be increasingly
adopted in clinical routine as a tool to reduce
times in image interpretation and therefore
increase productivity. Ethical issues and assign-
ment of responsibilities regarding potential radi-
ologists’ mistakes in image interpretations due
to a not proper performance of the algorithm
remain to be solved.

Algorithms can be classified into different
ways but one of the most extended ones is
according to the training styles, those unsuper-
vised and supervised. Unsupervised methods are
able to clusterize large amounts of data with no
previous information. These solutions allow to
extract patterns that are not defined by humans
and that can potentially provide new disease
stratification and phenotypes. In the contrary,
supervised methods require a previous dataset
annotation by experts in order to train the algo-
rithm. A high percentage of the dataset is fre-
quently dedicated to training the method
(typically around 80%) and a part is used for

algorithm validation (i.e., 20%). Regarding the
algorithm science, the most frequent methods
are as follows (Erickson et al. 2017):

e Neural networks: Main machine learning
method, consisting of error, search, and update
functions. An iterative process is performed in
order to adjust the weights of the network that
is organized in layers. The error function mea-
sures the difference between the generated
output and the desired output, the weights of
the network are modified, and the error func-
tion is measured again in a new iteration. The
process will continue until the error is under a
specific tolerance. After the adjustment, the
network will be ready to be applied in real
conditions.

e k-Nearest neighbors: This method looks for
classes that contain features similar to the
ones found in the input data. Similarity it can
be measured by many different ways but one
of the most frequently used is the Euclidean
distance.

e Support vector machines: This solution con-
sists of modifying the input data in order to
ease the separation between groups that were
initially not possible to split by linear
approaches. For doing so, the widest plane or
support vector is calculated.

e Decision trees and forests: This approach is
one of the most understandable by humans
within the machine learning spectrum, since it
is typically based on binary classification rules
that are organized together to form a tree of
decision points to generate the results. The
equilibrium between decision points and
accuracy is the main challenge of decision
trees. Accuracy of the method can be improved
by aggregating multiple trees into forests.

* Naive Bayes algorithm: Following Bayes
theorem, this method is based on a calcula-
tion of the probability for an output taking
into consideration the probabilities of each
feature in the input data. One important con-
sideration is that the method does not require
dependency among input features, but can
work properly with features that have no
relationship.
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e Deep learning: This technique is the most
recently extended among the machine learn-
ing field. While standard neural networks con-
tain a few number of layers that can be even
interpreted intuitively, deep neural networks
consist of concatenating a large number of
layers (i.e., tens of them or more). This aggre-
gation is possible due to the improvements in
HPC capabilities, specially in the field of
GPU. The most suitable algorithm within
deep learning for image artificial interpreta-
tion is the one based on CNN, which assume
that the inputs have a position relationship,
like the coordinates of any image matrix. The
minimum element of this method is the ker-
nel, a two-dimensional window taking a small
part of the image, and the output at the CNN is
the convolution of such kernel. The deep neu-
ral network will be grouped from basic shape
kernels (i.e., corners, edges) to higher level
structures (i.e., faces, entire organs). These
convolutional layers are combined with acti-
vation layers and pooling layers that will
reward those convolutions collecting most of
the information from the image, that is, the
most relevant features describing the image.

Independently of the machine learning algo-
rithm used, care should be taken in designing
new image interpretation solutions, since every
disease and organ produce specific features at a
pixel level that have to be considered together
with context information. For this, not only a
single machine learning technology may be the
solution, but also a combination of them, in order
to manage both imaging and one-dimensional
data.

Conclusion

In this chapter, the most relevant challenges
in the field of image interpretation have been
addressed. This topic is the core of the radio-
logical workflow and it is currently under a
process of paradigm shift, from traditional
image reading through observation and free
text reporting of the findings towards the
inclusion of new technologies in the loop
such as computer-aided detection and diag-

nosis (CAD), imaging biomarker extraction,
and structured reporting. The advance in
interoperability between systems to stan-
dardize image annotation formats, together
with the growing use of structured reporting
and Al-assisted image reading, will shape
radiology as one of the most relevant data
sciences in the era of precision medicine.
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By far the most common method of peer
review audit system currently used in radiol-
ogy is RADPEER, developed almost 15 years
ago by the American College of Radiology
(ACR), in which originally interpreted images
are randomly selected and reviewed by a peer
radiologist. However, studies have shown that
this time-consuming process has inherent
sampling bias, has limited value as an educa-
tional tool, and is primarily performed to meet
accreditation and hospital credentialing
requirements. Moreover, it evaluates the per-
formance of a radiologist in terms of a diag-
nostic discrepancy score, excluding the
myriad of other functions and roles that radi-
ologists play, including teaching, consulting,
and communicating abnormal results.
Consequently, an increasing number of radiol-
ogy practices are embracing simple scoring
systems that either agree with the prior read or

score the interpretation as an “apparent learn-
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the adoption of a system based on “peer learn-
ing, which consists of peer feedback, learning,
and improvement. The goal is not to identify
poor-performing physicians, but to improve
performance of all members of the group by
analyzing the potential contributors to errors
through a self-reflection process, as well as
peer discussion in a constructive, nonpunitive
quality improvement meeting.

Keywords
Learning opportunities ® Peer learning ¢ Peer
review

The guidelines of the Joint Commission for
Accreditation of Healthcare Facilities in the
United States (Joint Commission 2007) state that
physicians are expected to “demonstrate knowl-
edge of established and evolving biomedical,
clinical, and social sciences, and the application
of their knowledge to patient care and the educa-
tion of others.” As with other physicians, the ini-
tial entry of radiologists into the specialty
requires an intense period of residency and fel-
lowship training before they can receive board
certification indicating that they are credentialed
to practice as radiologists. Periodically thereaf-
ter, radiologists must demonstrate that they have
retained their medical skill and judgment. For all
organizations that are accredited by the Joint
Commission, it is mandated that each radiologist
be subjected to ongoing professional practice
evaluations (OPPE) on an 8-monthly basis, in
which radiologist-specific data is collected by the
imaging department in six specified categories
(Joint Commission 2007; Donnelly and Strife
2005; Donnelly 2007). These include patient
care, medical and clinical knowledge, practice-
based learning and improvement, interpersonal
and communication skills, and system-based
practice (Joint Commission 2007; Donnelly and
Strife 2005; Donnelly 2007). If the OPPE data
raise any question about the performance level of
a specific radiologist, this triggers a focused pro-
fessional practice evaluation (FPPE), in which
the performance of the radiologist is further
investigated and closely scrutinized to determine
whether there has been sufficient deterioration of

skills and knowledge over time (or underlying
mental or physical illness or substance abuse)
that jeopardizes patient care and requires reme-
diation (Steele et al. 2010; Kruskal et al. 2016).
Other circumstances that can trigger an FPPE
include patient and family complaints, concerns
of referring physicians and colleagues, an exces-
sive number of bad outcomes/incident reports
(“misses” in diagnostic radiology; complications
in interventional radiology), data collected
through the peer review process, and malpractice
suits (Kruskal et al. 2016; Kruskal and Eisenberg
2016). Measures used to resolve performance
issues may include education, proctoring, coun-
seling, practitioner assistance, and suspension or
revocation of specific privileges (Larson et al.
2016).

Thus, all radiologists actively practicing in the
United States are required to undergo some man-
ner of periodic performance evaluation, and the
manner with which this is achieved varies consid-
erably. Of note, no benefit for patients or
improved clinical care has ever been shown from
participating in scoring audit processes. Hidden
within these evaluation processes are ill-defined
requirements for peer review, which have been
linked to the site accreditation process. The pur-
pose of this chapter is to address the state of peer
evaluations of radiologists and to show that scor-
ing audit systems are slowly being replaced by
learning and improvement practices.

1 Scored Peer Review Audit
Systems

The practice of radiology requires a complex
interplay of skills, knowledge, and judgment.
Therefore, the most effective way to determine
the professional competence of a radiologist is by
others in the specialty and clinical colleagues. In
most institutions, OPPE includes a peer review
audit system based on a template first described
by Donnelly (Donnelly 2007). Peer review should
provide an unbiased, fair, and balanced evalua-
tion of radiologist performance to identify oppor-
tunities for additional education, error reduction,
and self-improvement (Mahgerefteh et al. 2009).
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In many systems, there are no requirements for
providing constructive feedback, or for catego-
rizing the case or type of learning and improve-
ment opportunity. Ideally, the process should be
nonpunitive, have minimal effect on work flow,
and allow easy participation (Mahgerefteh et al.
2009). The process should also be free of bias
both in case selection and case review. Peer
review should also be performed by similarly
trained colleagues with similar experience and
reflect a representative case and modality mix.

By far the most common method of peer
review audit system currently used in radiology
is RADPEER, developed almost 15 years ago by
the American College of Radiology (ACR), in
which originally interpreted images are randomly
selected and reviewed by a peer radiologist
(Borgstede et al. 2004; Jackson et al. 2009). The
reviewing radiologist scores the original radiol-
ogy report on the basis of the RADPEER four-
point scoring system, with a score of 1
representing agreement and scores of 2 to 4 rep-
resenting discrepancies of increasing severity
(Jackson et al. 2009; American College of
Radiology 2016), with the score of 4 eliminated
in May 2016 (American College of Radiology
2016). To evaluate the performance of the radi-
ologist, a disagreement rate is calculated, in
which the number of cases scored 3 (or 4) is
divided by the number of cases reviewed. In this
way, the performance of each radiologist can be
compared with the discrepancy rates of other
radiologists in the group as well as with national
averages (Borgstede et al. 2004; Jackson et al.
2009). In addition, according to those who devel-
oped the RADPEER system, any substantial dis-
crepancy detected by the peer reviewer is to be
communicated to the initial interpreting radiolo-
gist, who is given the opportunity to challenge
the finding of the discrepancy and/or its scoring
(Larson et al. 2011; Abujudeh et al. 2014). In
many institutions, errors scored 3 (or 4) become
the subject of regular Quality Assurance confer-
ences. However, in our experience, much more
time is typically spent arguing over the score
assigned to the discrepancy, rather than focusing
on the underlying causes of the error and how to
prevent it from recurring.

There has never been a report systematically
evaluating the benefits of the RADPEER peer
review auditing system or any indication that it
has led to widespread performance improvement
(Larson et al. 2016). One study reported very low
interrater agreement by multiple subspecialists in
an academic radiology department, concluding
that “a ratings-based peer review system [like
Radpeer] is unreliable and subjective for the eval-
uation of discrepant interpretations” (Bender
et al. 2012). Another described substantial selec-
tion bias and a strong tendency to underreport the
severity of the discrepancy so as to decrease the
calculated disagreement rate of fellow radiolo-
gists, with 44% agreeing with the statement that
scoring-based peer review audit systems are a
waste of time (Eisenberg 2014). In a large survey
of ACR members, 80% stated that RADPEER
was being performed to meet accreditation
requirements and 70% indicated that it was being
performed to meet hospital credentialing require-
ments, such as those for OPPE, while 47%
believed that their practice patterns had not
changed as a result of peer review and only 20%
thought it had (Abujudeh et al. 2014). As Donald
Berwick succinctly summarized in a recent edito-
rial, the current era of medical practice is one
characterized by “excessive measurement, much
of which is useless but nonetheless mandated.
Intemperate measurement is as unwise and irre-
sponsible as is intemperate health care ... The
aim should be to measure only what matters, and
mainly for learning” (Berwick 2016).

One study demonstrated that peer review audit
systems are time-consuming exercises that, in
addition to being unpopular among radiologists,
have little “bang for the buck” (Eisenberg and
Heidinger 2016). Analyzing 6 years’ experience
of peer review in the chest section of an academic
teaching center, of 9441 cases there were only
244 discrepancies scored as 3 or 4 (2.6%). One-
third of discrepancies were related to the pres-
ence and degree of pulmonary vascular
congestion or pleural effusion, or enlargement of
the cardiac silhouette, determinations which have
a substantial amount of subjective variability in
interpretation. For specific diagnoses, it was nec-
essary to peer review 197 cases to detect one
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level 3 or 4 discrepancy regarding pulmonary
vascular congestion, 858 to find a missed pulmo-
nary nodule/mass, and 1574 to detect a rib or
other skeletal lesion. It was calculated that radi-
ologists in this four-FTE section spent more than
14 h to detect a discrepant pulmonary nodule/
mass and more than 26 h to detect a missed rib or
skeletal lesion. Overall, the total time expendi-
ture of these four radiologists in peer review was
157 h (almost 20 full work days).

All currently applied peer review methods
assess interpretive disagreement between read-
ers. In the absence of a definitive diagnosis (such
as surgery or pathology), it may be impossible to
differentiate between an error and a genuine dif-
ference of opinion regarding the correct interpre-
tation of an 1image or an appropriate
recommendation for follow-up (Alport and
Hillman 2004). Added to this is the inherent high
subjectivity, sampling bias, and underreporting
of this quantitative measurement, which provides
a false impression of accuracy (Larson et al.
2016). Indeed, this has led the Royal College of
Radiologists in the United Kingdom to abandon
its scoring-based peer review audit program alto-
gether in favor of another approach that focuses
on learning and improvement (The Royal College
of Radiologists 2014a, b). In the United States,
where a form of peer review is currently required,
more and more practices are adopting a modifica-
tion of this change and are embracing simple
scoring systems that either agree with the prior
read or score the interpretation as an “apparent
learning case” (or use some variant term).

In a thoughtful review on this subject, Larson
et al. (2016) raised the emotional toll that radiolo-
gists may suffer from peer review auditing based
a scoring model. Although often considered as
nonpunitive, this approach documents medical
error in a manner that is “inherently associated
with feelings of anxiety, shame, and humiliation.”
Since all radiologists make errors, the design and
implementation of a peer review process have
great effect on the painful experience of this real-
ization. As currently constituted in most institu-
tions, the scores of randomly sampled cases in a
peer review audit are used to rate the radiologist’s
overall performance as a professional, rather than

focusing on specific areas of practice that might
be amenable to improvement. In other words, the
performance of a radiologist is evaluated purely in
terms of a diagnostic discrepancy score, exclud-
ing the myriad of other functions and roles that
radiologists play, including teaching, consulting,
and communicating abnormal results. A program
in which the individual radiologist is judged
incompetent on the basis of subjective peer evalu-
ations “engenders feelings of failure, shame, and
betrayal, which tend to produce paralysis, disillu-
sionment, and anger, rather than a desire to
improve.”

If the intention of audit systems is simply to
meet regulatory requirements, then such systems
are effective. However, if the true intention is to
evaluate a radiologist’s performance with the
goal of providing constructive feedback that
leads to learning and improvement, then audit
systems have failed miserably. For this reason,
much thought is currently going into developing
and deploying so-called peer learning systems, of
which many are now being used in the clinical
setting.

2 Peer Learning
and Improvement

In September, 2015, the Institute of Medicine
(IOM) issued a widely publicized report,
“Improving Diagnosis in Health Care,” which
focused on the problem of diagnostic errors in
medicine (Balogh et al. 2015a). A major recom-
mendation of the report was that “health care
organizations should adopt policies and practices
that promote a non-punitive culture that values
open discussion and feedback on diagnostic per-
formance” (Balogh et al. 2015b). This included
the need to “develop and deploy approaches to
identify, learn from, and reduce diagnostic errors
and near misses in clinical practice,” which is not
met by current scoring-based peer review audits
such as RADPEER and similar systems. Instead,
the IOM encouraged the establishment of “work
system and culture that supports the diagnostic
process and improvements in diagnostic perfor-
mance,” implying implementation of a nonpunitive
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system that urges open and honest feedback and
discussion without public embarrassment and
shaming. As another way to improve diagnosis
and reduce diagnostic error, the IOM recom-
mended the development of “a reporting
environment and medical liability system that
facilitates improved diagnosis by learning from
diagnostic errors and near misses.” Finally, the
IOM recognized that the effective practice of
medicine is a cooperative effort and encouraged
the facilitation of “more effective teamwork in
the diagnostic process among health care profes-
sionals, patients, and their families.” The IOM
report strongly recommended team-based care
based on shared goals, mutual trust, effective
communication, and measureable processes and
outcomes. Noting that this approach has been
shown to increase safety and quality of care in the
face of mounting health care complexity, it rec-
ognized that “reframing the diagnostic process as
a team-based activity may require changing
norms of health care professional roles and
responsibilities” that “may take some time and
may meet some resistance” (Balogh et al. 2015c).

Based on the IOM report, Larsen et al. (2016)
have advocated an alternative to the scoring-
based peer review that is based on “peer learn-
ing,” which consists of peer feedback, learning,
and improvement. Rather than having the goal of
identifying poor-performing physicians, the aim
of peer learning is to improve performance by
analyzing the potential contributors to errors
through both a self-reflection process and through
peer discussion in a constructive, nonpunitive
quality improvement meeting.

3 Peer Feedback

Instead of the retrospective reading of a specific
percentage of randomly selected cases that char-
acterizes RADPEER and similar peer review
auditing systems, which result in disruption of
the normal workflow and miss (or fail to report)
the majority of cases in which significant or
impactful errors have occurred, we have devel-
oped an online QA system, in which radiologists
and referring physicians voluntarily submit errors

detected as part of their normal activities (Kruskal
et al. 2016; Eisenberg and Heidinger 2016).
Prospective detection of errors, which may come
from radiologist review of a prior examination as
part of normal clinical activities, consultation
with a referring clinician, multidisciplinary con-
ferences, pathology or surgery discrepancy
reports, complaints to radiology leadership, and
incident reporting systems, is more likely to yield
learning and improvement opportunities (Brook
et al. 2015).

Rather than being the source of anxiety and
shame in an open Quality Assurance conference,
feedback should be timely, confidential, and
given in a constructive and nonjudgmental man-
ner, always in the spirit of learning and improve-
ment rather than punitive (Alkasab et al. 2014). It
can be given either directly by another radiologist
who personally observed the discrepancy when
reading a subsequent examination or by a desig-
nated radiologist in the department to whom
errors can be submitted confidentially from a
variety of sources and then relayed anonymously
to the original radiologist (Larson et al. 2016). In
either case, the feedback ideally should summa-
rize the discrepancy and any adverse effect it may
have had upon the patient. When appropriate, it
should provide suggestions as to how to avoid the
mistake in the future.

4 Peer Learning
and Improvement

Although direct feedback to the one who has
made an error is valuable, the intent of peer learn-
ing is to improve the performance of all radiolo-
gists through group conferences (Halsted 2004),
or even a wider audience through secure dissemi-
nation of appropriately edited teaching cases. If
scoring systems are going to persist, and we
strongly advocate that they do not, then one
approach is to cast a wider net for relevant case
capture by changing the current scoring system
for peer review audits to “Agree” or “Apparent
Learning Opportunity” (rather than score dis-
crepancies). This shifts the focus away from
unhelpful and often time-consuming debates
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about how to score a case and its impact, rather
than thinking about what lessons the case pro-
vides for reflection and improvement. Some
institutions have added a third category of
“Great Call/Pickup,” which is defined as a diffi-
cult case in which a radiologist made the correct
call or interpretation that could reasonably be
missed by another radiologist (Larson et al.
2016). It is important that efforts be made to
shift the focus to positive constructive feedback
rather than highlighting negative aspects of
interpretive errors. Some authors have recom-
mended categorizing cases identified as learning
opportunities into issues that relate to the radi-
ologist or to system and process contributors. In
our own practice we use the system shown in
Fig. 1 when analyzing possible contributors to
an error.

We have also developed a template for
learning case submission, based in part on sim-
ilar systems that have been developed by the
Royal College of Radiologists (The Royal
College of Radiologists 2014a, b). This tem-
plate (Fig. 2) shows how information is sub-
mitted and includes the initial interpretation,
the final interpretation, and possible contribut-
ing factors that are identified using the guide
on the left. Additional data include potential
improvement opportunities and lessons learned
from review of the case. We have found that
such a system also allows near-miss cases to be
identified and can be used to collect procedure-
related cases. Our own radiologists prefer to
submit a few cases into a system such as this,
rather than spending the time and effort that go
into agreeing with the vast majority of reviews
of original interpretations with traditional ret-
rospective audit systems.

We have developed and implemented a so-
called Contributor-Impact Chart (Fig. 3),
which facilitates the root-cause analytical pro-
cess when thinking about an error. This novel
approach considers the major contributors to
an adverse event or a diagnostic error and
allows the case reviewer to think about ways in
which different contributors might have led to
an error occurring. Such a process also allows
for analysis of the factors contributing to

R. Eisenberg and J. Kruskal

A Guide for Analysis of Contributors
Radiologist contributors
o Near miss, or caught in time
o  Perceptual
o Observational
o  Satisfaction of search
o  Cognition/interpretive
o  Overcall
o Undercall
o  Misclassification
o Knowledge gap
o Report-related
o Content
o  Recommendations
o  Communication
System contributors
o Indication or Information provided
o Imaging technique or protocol
o Patient factors & comorbidities
o Teaching & supervision related
o Work environment
o PACS factors

o  Other process related factors

Fig.1 A guide for analysis of radiologist and system con-
tributors to errors. This checklist facilitates analysis of
cases and identification of different categories of contribu-
tors. Part of the peer learning process is to teach partici-
pants that human errors are only a small component of the
many additional contributors that lead to the occurrence of
errors and near misses

learning cases and is used for prioritizing the
order in which improvement activities should
be addressed.

The format of a peer learning conference
depends on the size and degree of sub-specializa-
tion of the radiology practice at a particular insti-
tution, ranging from a general monthly session in
small imaging departments to independent con-
ferences for each subspecialty area in larger insti-
tutions. In academic and teaching programs, the
monthly learning conferences should include
trainees, both for the educational opportunities
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Clinical Scenario/age, sex and reason for study

A Guide for Analysis of Contributors

o Perceptual

. . . Modality
Radiologist contributors
. - Organ system/organ
o Near miss, or caught in time
Procedure

o
o Satisfaction of search

Initial Interpretation

o Cognition/interpretive

o Overcall
o Undercall

Final interpretation

o Misclassification
o Knowledge gap
o Report-related

A 4

Possible contributors to event

o Content
o Recommendations

Potential improvement activities

o Communication

System contributors
Indication or Information provided

lessons learned from this case review

Imaging technique or protocol
patient factors & comorbidities

Reviewers comments

Teaching & supervision related

Work environment
PACS factors

Releavent references

O O 0 0o oo

Other process related factors

Fig.2 Template for learning case submission. Case sub-
mission template (in grey on the right of image) illustrat-
ing how the contributor list links into completing the
different boxes. This template was designed to allow
analysis of cases, along with relevant demographics,
study type, organ system, and the actual change in inter-
pretation that was made. Note also the opportunity to

they offer and as an early introduction to the
modern culture of peer learning in which they all
will need to participate. In the United States,
national education regulatory groups require that
trainees are taught about and participate in root-
cause analyses, and such conferences go a long
way towards meeting this requirement. Some
have advocated videotaping these conferences,
which enables radiologists who could not attend
in person to review the learning principles dis-
cussed from a secure site at a later date (Larson
et al. 2016).

An emerging concept gaining support is to
host cloud-based repositories of edited and
authored learning cases. Similar to the American
College of Radiology’s “Case-in-Point” system,
learning cases can be submitted, reviewed,
accepted, and published into such a learning
repository, and then downloaded to enrich the
Quality Improvement meeting experience of
smaller practices. Such repositories could also be

share potential improvement activities (such as lectures or
reading materials, protocol or policy changes, or even
remedial training). The box for lessons learned from
review of a case is especially important to share. Since we
mentor the process, a review also can provide additional
feedback and suggestions

searched to select specific case examples for
learning and improvement purposes, as well as for
remedial training and even trainee examinations.

Those participating in these conferences
should constantly be reminded that their purpose
is solely educational, to learn and improve rather
than to find fault. The conferences should empha-
size potential pitfalls and mimics that might lead
to the errors being discussed and strategies for
preventing them. When appropriate, there could
be more formal educational presentations and
reviews of relevant literature. Note that difficult
cases categorized as ‘“‘great calls” should be
included in these conferences. Since by definition
many radiologists would have missed the finding,
the cases provide valuable opportunities for
learning (Larson et al. 2016).

Peer learning conferences must always be con-
ducted in a constructive and cooperative manner,
with disparaging comments strictly forbidden.
The initial interpreting radiologist must be strictly
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The Contributor-Iimpact Chart
A new way to think about what factors contribute to a suboptimal outcome
Preception Cognition ] Report |

\ _ Overall I
Observational ‘ h
Undercall
| Satisfaction of search 3
. | Misclassification

Other biases |
\ Knowledge gap I

l' IT/information
' Policies '

[Te-achin.gmenvironmeni J

" Pacs

[ Workload .pressure ]

Contrast-related
| Modality I

Technique and
technical factors

Environment

~ Scanning |
parameters
|- Scanner I
( Protocol

Fig.3 Contributor-impact chart. This modification of the
Ishikawa or cause-and-effect chart was developed to facil-
itate self-reflection and analysis of cases. Unlike a simple

anonymous; the identity of the person who made
the error is immaterial, since every error offers an
opportunity for everyone to improve. Perceptual
errors are generally the most common and can be
reviewed quickly because their major teaching
value is for participants to share tips on how to
avoid missing them in the future. Interpretive
errors often are the subject of more extensive dis-
cussions, which may be enhanced by someone
presenting a brief review of the topic that includes
a differential diagnosis and how to distinguish
among various diagnostic possibilities. A radiolo-
gist making an interpretative error may benefit
from a review of the topic, which can be provided
in person by a supportive colleague or by the rec-
ommendation of an appropriate videotape or jour-
nal article (Larson et al. 2016).

Larson et al. (2016) coined the term “virtuous
cycle” to refer to a self-reinforcing process
related to the enhanced interpersonal profes-
sional relationships generated by the peer

Communications
Docﬁmentation |
= ~ >| Impact
| Hardware/artitacts |
[ Motion |

Patient
factors

checklist, this chart was created to help identify potential
improvement activities and their associated lessons that
can be learned from analysis of a case

learning approach to errors. Unlike the competi-
tive environment engendered by a scoring-based
peer review program, when a deficiency in
knowledge or skill is discovered in a radiologist
working within a group practicing peer learning,
colleagues of the individual share knowledge and
provide support to help the individual improve
(Larson et al. 2016).

5 The Future

As forward-looking radiology departments
increasingly adopt the concept of peer learning,
the age of scoring-based peer review audits of
random cases for evaluating radiologist perfor-
mance hopefully will come to a merciful end.
There is no justification for continuing to record,
calculate, or report overall radiologist discrepancy
rates as part of an OPPE that triggers an FPPE
to determine whether there has been sufficient
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deterioration of skills and knowledge over time
that jeopardizes patient care and requires remedi-
ation (Larson et al. 2016). Focused auditing of
sample cases should be limited to assessing spe-
cific performance elements, such as report errors
or adherence to standard reporting templates, to
identify those radiologists who need to improve in
these areas. This can all be effectively achieved by
creating systems that allow the giving of construc-
tive feedback. “Focused auditing of specific
examination types, disease states, or modalities
also can be of value in helping a radiology prac-
tice improve specific aspects of performance.” As
Larson et al. (2016) note, “The critical difference
between this approach and one of peer scoring is
that in this case, the topic targeted for improve-
ment is determined prospectively and constitutes
a limited, focused, and actionable aspect of per-
formance, rather than a general assessment of
radiologist competence.”

We have introduced a system for providing
direct anonymous constructive feedback about
report contents. Figure 4 shows the drop-down
menu that allows a reviewing radiologist to pro-
vide specific constructive feedback to the original

Great report

I’d be more specific about:
When to follow up
Whether to follow up
What study to get

interpreting radiologist. The intent here is to
share feedback (including positive feedback!) for
the radiologist to consider adopting. Peer feed-
back systems must accept that not all will agree
with the reviews and should allow for indepen-
dent practice changes to be made or not. Of note,
providing effective and helpful feedback about
report content is simply addressing one of many
roles that being a radiologist embraces, but our
reports are an extremely important product of
what we do.

Indeed, there is much opposition to including
actual peer review data in the OPPE process.
Such a process should evaluate the many contri-
butions that radiologists make to patient care.
Under the domain of practice-based learning,
participation in any effective peer review process
should be more than acceptable, and for OPPE
purposes, the tendency is to shift away from
actual data analysis and to encourage case review
and submission instead. Participation in a review
process is sufficient for OPPE purposes. We
strongly suggest that contributing a few helpful
learning cases is far more constructive than con-
tributing a large number of category 1 “agrees.”

I might have called about these findings
| would have documented all elements of the critical findings communication
I’d suggest our standard algorithm for f/u of the incidental findings

Some of the findings in the impression could be left in the body

| would have called instead of suggesting clinical correlation

I’d make sure there are no typos or grammatical errors
| would have deleted unnecessary or redundant paragraphs in the structured report

Were you aware that prior studies were available?

Specific Comments:

Fig.4 Drop-down menu for providing constructive feed-
back on radiologist reports. One very important product
that a radiologist produces is the report, and reports offer
many opportunities for providing constructive feedback.
In the peer learning domain, being able to provide con-

structive feedback to a radiologist regarding report con-
tent, grammar, and recommendations, and the effectiveness
of result communications is very helpful, providing data that
are not typically collected from traditional peer review audits
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Unfortunately, current ACR modality certifi-
cation requirements make it difficult to transition
from scoring-based audits to peer learning by
specifically calling for metrics based on a
practice’s peer review program (Lucey 2014).
Therefore, it is critical that all regulatory and cer-
tifying bodies accept active participation in a
peer learning program as an alternative to fulfill
current scoring-based peer review requirements.

Peer learning based on discrepancies encoun-
tered during regular clinical activities also detects
a much higher rate of clinically significant errors,
especially those with high learning potential,
which are only rarely discovered through a ran-
dom audit process. Consequently, the focus of
learning and improvement should be on cases
that have the greatest learning potential, includ-
ing examples of both suboptimal and outstanding
performance (Brook et al. 2015; Halsted 2004;
Larson and Nance 2011).

Eliminating the scoring-based audit model
excludes the use of peer review data to evaluate
physician competence. As noted above, this is
not necessarily a problem, since peer review data
have been shown to be biased, unreliable, and not
easily actionable (Abujudeh et al. 2014; Eisenberg
2014). Moreover, interpretive skill is merely one
element of physician competence. Other impor-
tant aspects include professional behavior, con-
tinuous improvement efforts, and adherence to
professional guidelines (Donnelly and Strife
2005; Donnelly 2007; Steele et al. 2010), which
often are easier to measure and enforce. For
example, instead of using traditional peer review
data, compliance with the OPPE requirement can
be achieved by documenting active participation
in the peer learning program, as well as radiolo-
gist performance in the six core competencies of
the (American Board of Medical Specialties
2017). Instead of measuring discrepancy rates, it
is possible to assess participation at conferences,
case submissions, and improvement initiatives
completed (Larson et al. 2016).

Lack of competency in professional practice
can be based in part on complaints from referring
clinicians, anonymous trainee evaluations, and
sentinel events (Kruskal and Eisenberg 2016).
Although not mathematically precise, these
sources can provide evidence of important

practice deficits, which is the primary goal of
competence assessment. “This approach shifts
responsibility for determining competency from
the radiologists’ community of peers to radiology
practice leaders, presumably following a pre-
defined process” (Larson et al. 2016). This
improves radiologist esprit de corps, allowing the
professional community to focus purely on learn-
ing rather than being forced to determine the
competence of peers. With practitioners and
practice leaders held accountable for fulfilling
their specific professional roles according to their
best judgment, a continuous learning approach is
far superior in maintaining a high level of quality
than any existing scoring-based peer review pro-
gram (Larson et al. 2016).

As an increasing number of radiology depart-
ments develop peer learning systems, opportuni-
ties for improvement could be shared among
various institutions throughout the country. It
would be possible to assemble a national reposi-
tory of de-identified cases, which could be
accessed by small practices to enrich their peer
learning experience. Analysis of these cases
could be used to inform decisions about educa-
tional materials and testing for trainees and for
CME purposes. Similarly, lessons learning from
case analysis could be used to structure educa-
tional conferences at many levels. Interactive
modules could be developed in which questions
are sent electronically to radiologists on a peri-
odic basis (e.g., the daily “Case-in-Point” pro-
duced by the ACR), which would permit
immediate feedback, case discussion, and read-
ings or videos for further learning opportunities.

Transforming from peer review to peer learn-
ing must achieve initial acceptance by practicing
radiologists. They must be assured that submitted
cases of discrepancy will not be used for any
potentially punitive purpose, such as OPPE or
FPPE, but only as learning opportunities for all
radiologists in the department. Referring clini-
cians must be urged to contribute imaging studies
in which errors may have been made, not for the
purpose of blaming their radiology colleagues
but rather to further their learning experiences.

Those interested in reading an excellent over-
view of a prototype for a group learning program
can consult Standards for Learning from
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Discrepancies Meetings, a publication of the
Royal College of Radiologists (The Royal
College of Radiologists 2014b).
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1 Introduction

Radiology and IT have had an established “sym-
biosis” for many years. Fundamental require-
ments and opportunities in the usage of IT in
radiology have been described and developed
more than 30 years ago (Arenson and London
1979; Arenson 1984).

New developments in IT have been imple-
mented in radiology over the last decades for sev-
eral different tasks, e.g., PACS (Picture Archiving
and Communicating System), teleradiology,
image processing, and many others. Therefore,
radiology has a leading role, in promoting IT in
healthcare overall. In addition, the increase in
data generation and knowledge drives new meth-
ods like deep learning and machine learning.

IT innovation in radiology could be divided
into four pillars:

— Basic IT infrastructure, as RIS, PACS,
teleradiology

— New tools improving the basic infrastructure,
as order entry solutions, decision support,
structured reporting, etc.

— Cross-enterprise communication and patient
involvement

— “Disruptive” new developments, as deep
learning, artificial intelligence, Big Data, etc.

Over the last decades, these continuous

improvements in IT have been essential for qual-
ity and workflow improvements in radiology.
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The next step with introduction of “Big Data,”
deep learning, or artificial intelligence will change
radiology even as much as RIS and PACS did 20
years ago. There is little discussion whether radi-
ology will survive, but the question is “Will radi-
ologists survive?” (Chockley and Emanuel 2016;
Jha 2016; Jha and Topol 2016). In many radiology
departments, dedicated IT experts have been or
are still part of the team and proving special
expertise to the IT developments. This might
change over time, and rethinking radiology infor-
matics could be relevant (Kohli et al. 2015a, b).

2 Basic IT Infrastructure

Radiology information systems (RIS) have been
probably the first IT systems in clinical routine
use. RIS solutions have been widely implemented
during the 80s and 90s of the last century. The
basic functions have been described by Arenson
more than 30 years ago as registration, schedul-
ing, patient tracking, film library management,
consultation reporting, billing, keeping a teach-
ing file, and providing an imaging system inter-
face (Arenson 1984). Over time, new
functionalities have been integrated in RIS solu-
tions, like physician-based order entry, report
communication with EMR, worklist provision
for imaging modalities, and strong interfacing
with PACS. The utilization of RIS solutions has
to be feasible in multi-site and multi-user envi-
ronments. There is an ongoing discussion about
the future of RIS as an independent IT system;
some vendors do already provide RIS functional-
ity within their EMR solutions, and others argue
for an integration of dedicated functions (e.g.,
reporting) into the PACS and let the EMR pro-
vide all other functions.

PACS has been invented in parallel with digiti-
zation of imaging systems, which started in the
70s of the last century. Pioneers in Europe have
been the University Hospital in Graz (1988) and
Donauspital SMZO in Vienna (1992) (Hruby
2003). The introduction of a new standard for
“Digital Imaging and Communication in Medicine
(DICOM)” in 1993 has been a key factor in the
wide adoption and introduction of PACS, because

of the new possibilities for interfacing different
vendors  within the same environment
(Mildenberger et al. 1999, 2002). Since then,
many different evolutions have taken place, e.g.:

— Integration of high-end image processing
(MPR, 3-D, segmentation, image fusion, volu-
metric measurement, etc.)

— Integration of imaging beyond radiology
(“enterprise-wide imaging solution’)

— Separation of archiving in dedicated systems
(“vendor-neutral archives”), sometimes within
the same enterprise, sometimes in cloud-based
independent systems

— Support of multi-site enterprises

— Integration within regional or national eHealth
systems for seamless image exchange.

Teleradiology has been one of the first tele-
medicine applications ever, and is probably the
most used today. Several societies have published
statements on appropriate use of teleradiology,
because there are different aspects beyond the
technical issues (2002; Radiologists 2012;
Ranschaert et al. 2015). A lot of discussion took
place about the legal aspects, radiologist’s
responsibility beyond reporting, or even more on
services from abroad using the night shift or
offering “low-cost reporting” (Boland 1998,
2008; McLean 2009; Pattynama 2010).

While the first teleradiology systems have
been dedicated proprietary solutions, the full
integration within PACS is reality today. Such an
integration could be established with different
technical solutions, like “DICOM-eMail” (a
national standard in Germany), web-based sys-
tems, or integration with IHE-based ““cross-enter-
prise communication - solutions” (XDS-I)
(Weisser et al. 2006; IHE 2017a, b).

3 New Tools Improving
the Basic Infrastructure
in Radiology Informatics

As RIS and PACS are standard solutions today,
there is a continuous demand for further improve-
ments in IT tools supporting radiology. It is
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expected that radiologists with a better
understanding of IT are more efficient in their
work and having the appropriate IT tools is a
prerequisite to drive performance or use of stra-
tegic business and analytics. In the USA, the
American College of Radiology has developed
the Imaging 3.0™ initiative to empower radiolo-
gists in IT, and create and demonstrate value for
their patients (Kohli et al. 2015a, b). Typical
tools, which have been adopted in radiology
today, are speech recognition, advanced visual-
ization, image access from remote, and support-
ive data for workflow management including
information on the referrer and on the patient
with access to the EMR.

A key tool to improve efficiency and quality is
providing order entry with clinical decision support
(CDS). Such tools could help to identify the most
appropriate examination based on clinical data.
These decision support solutions are based on
guidelines, e.g., ACR Appropriateness Guidelines
or European Imaging Referral Guidelines. They
could be used as a separate tool or with full integra-
tion into an order entry solution. In the USA, ACR
is providing the ACR Select, and in Europe there is
iGUIDE by ESR. CDS is seen as helpful to cope
with unnecessary imaging or imaging without reli-
able indications. It has been demonstrated that
especially high-cost procedures could be used
more efficiently. In healthcare system with pre-
approval for such high-cost procedures, CDS can
be used for the approval process and therefore for
relevant workflow improvements by reducing the
time for approval by 90% and more.

The most relevant reasons to use CDS are the
improvement of quality by reducing the number
of low-utility examinations and therefore reduc-
ing radiation exposure and costs. Rosenthat et al.
could demonstrate a decline of such low-utility
examinations from 6 to 2% by using CDS already
10 years ago (Rosenthal et al. 2006). Typical
examinations with lower evidence are MRI for
lumbar pain, head MRI, sinus CT, and CT for
pulmonary embolism. It is supposed that CDS
could help to reduce the imaging utilization
growth (Blackmore et al. 2011; Raja et al. 2014,
Moriarity et al. 2015; Yan et al. 2017). CDS is the
best way to support standardized clinical practice

while allowing some flexibility to adopt local
requirements (Allen 2014). Providing the actual
recommendations within an electronic ordering
system, these criteria could be used also by the
referring physicians, who would not use dedi-
cated resources otherwise. CDS could be more
relevant in the future with payment based on
value instead of volume (Allen 2014). Of course,
wide adoption of CDS relies on several require-
ments. There should be consensus-based criteria
for appropriateness, which have to be interdisci-
plinarily discussed and updated on a regular
basis. Actually, a relevant part of indications
(over 60%) is not covered by such guidelines
(Jensen and Durand 2017). This could lead to rel-
evant differences in the use of CDS-based order
entry systems, especially in cases with limited or
incomplete clinical information (Schneider et al.
2015). Using CDS usually requests structured
information, while conventional ordering is done
in a free-text, more unstructured form. This could
be a barrier in the acceptance of CDS, if design
and integration don’t support workflow expecta-
tions accordingly. So far, it is not clear if natural
language processing (NLP) would help to improve
the usability and acceptance (Moriarity et al.
2015, 2017).

However, decision support is not intended to
be used for ordering imaging examinations only,
but also to support radiologists in reporting and
the management of recommendations for follow-
up studies or handling of incidental findings. This
is also linked with the Imaging 3.0*—Initiative of
ACR. Several applications are already available,
e.g., for liver imaging, lung nodule follow-up,
management of incidental findings, prostate
imaging, and others (McGinty et al. 2014;
Nielsen and Clark 2016). More advanced solu-
tions are provided using a naive Bayesian deci-
sion support tool for mammographic lesions,
which is based on the BI-RADS lexicon
(Benndorf et al. 2015).

Radiology reporting is evenly discussed on
different levels. Usually, radiology reports are in
natural language with varying levels of structure
and certainty. It is not unusual that wording is
vague, probably misleading, or reports don’t
acknowledge prior examinations accordingly.
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Key elements for radiology reports include con-
sistent format, awareness of clinical context, clar-
ity, evidence-based recommendations, or
readability also for patients (Boland et al. 2011;
Ware et al. 2017; Wildman-Tobriner 2017).

For many years, the term “structured report-
ing” (SR) has been seen as a key for improve-
ment in radiology reporting. There are several
reports showing that SR-formatted reports would
be preferred by referring physicians and radiolo-
gists. There is an expectation of reduced variabil-
ity in terms and wording used and a more easy
access to information. Also, SR could be linked
with coding of information, which could support
clinical research and computer-based analyses.
Several groups and scientific societies have been
active in the field of SR; esp. RSNA’s reporting
initiative and the joined RSNA-ESR Template
Library Advisory Panel (TLAP) have contributed
to this field. IHE has provided the technical frame
with a dedicated profile for the “Management of
Radiology Report Templates”. First solutions
providing tools to handle such templates within a
reporting process are available today (Pinto Dos
Santos et al. 2017). Such reporting tools could
also be used to integrate radiation dose informa-
tion, which is automatically collected and fed
into the reporting template (Lee et al. 2016).

Another aspect to improve the quality of
reports is including images into radiology reports
as “image-rich radiology reports” (IRRR). This
could be done in different ways, e.g., as embed-
ded images or as hyperlinks with online access.
Based on a survey, it is expected that such IRRR
could improve the communication and workflow
efficiency (Patel et al. 2017).

Different tools, especially the introduction of
voice recognition (VR) and enterprise-wide
online access, have reduced the turnaround time.
Less focus has been set on the quality of reports,
and it has been demonstrated that the use of VR
could increase the number of mistakes and errors
in reports (Chung et al. 2016). Therefore, there is
aneed to identify errors in reports and potentially
clinical significant implications. Systematic peer
review could be established by tools like ACR’s
RADPEER™ (Maloney et al. 2012; Moriarity
et al. 2016). Peer review could also be used for

structured education and feedback (“peer learn-
ing”) (Butler and Forghani 2013; Larson et al.
2017). Another approach for quality improve-
ment is a regular comparison of preliminary and
final reports in the teaching of residents. There
are many organizational issues, which is why
there are many barriers for such a comparison, as
high study volume, rotation, and remote finaliza-
tion of reports. An automated system could
enable such a comparison on a more consistent
way (Kalaria and Filice 2016).

Natural language processing (NLP) is another
new trend introduced in radiological IT at the
moment (Cai et al. 2016; Pons et al. 2016). Even
though there is a growing interest in structured
reporting templates, in reality most of the reports
are still in unstructured form without standard-
ized terminology. Therefore, it is a challenge to
analyze radiological reports with conventional IT
tools. NLP could enable “mining” of large datas-
ets of such unstructured reports. The goal is to
transform the free-form reports into some kind of
structured information, which could be analyzed
with database queries or used for business analyt-
ics. NLP is based on a set of theories and tech-
nologies, including linguistics. First, NLP has to
identify individual terms and their modifiers
based on pattern matching and linguistic analy-
ses. Further steps are based on rules and machine
learning for determination of specific characteris-
tics and relationships in the report (e.g., specific
findings). NLP has the potential to identify terms
in their different ways of wording respective syn-
onyms or even misspelled terms. So far, domains
for NLP have been large-scale testing for CDS,
quality assurance and performance monitoring,
and appropriate use of imaging as well as screen-
ing for patient’s eligibility for clinical studies
(Cai et al. 2016).

While CDS is used to check the appropriate-
ness of imaging requests to reduce unnecessary
imaging, there is also a growing interest to mon-
itor radiation exposure and analyze such num-
bers. It is expected that with the transition of the
EU Euratom Directive 2013/59 into national
law, more requirements for systematic registra-
tion and analyses will be established. DICOM
has developed the concept of radiation dose
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structured reporting, which allows the docu-
mentation of radiation data in a DICOM object
that can be handled and stored like other objects.
This is a relevant difference from the former
practice using DICOM MPPS (Modality
Performed Procedure Step), which is just a mes-
sage form requiring systems able to handle such
messages. The adoption of MPPS for systematic
dose evaluation has been limited over the years.
Now, IHE has developed a profile on radiation
exposure monitoring describing three different
new roles in this workflow. These are the Report
Dose Information based on objects from acqui-
sition modalities, the Dose Register for building
individual or cross-enterprise databases, and the
Dose Info Consumer for analyzing results.
Several use cases can be supported by this
approach, as population dose and dose indica-
tors, dose reference levels, site benchmarking,
and clinical trials (IHE). Meanwhile, several
open-source-based and commercial tools for
dose management and dose tracking are avail-
able. This can help with auditing patient safety,
e.g., in controlling the correctness of imaging
protocols or problems following scanner modi-
fications or software updates. Alert levels could
help to optimize the analyses and allow efficient
online or near-online recognition of critical
events. This automation by such dose tracking
software enables a more representative over-
view on dose levels compared with manual,
sample-based methods as used before (which
are still in use in several countries for establish-
ing official recommendations). Radiation dose
tracking and evaluation are part of an outcome-
based approach. Several campaigns in the USA,
Africa, and Europe support radiation awareness.
ACR has established a dose registry for CT
studies. The main metrics are of course CTDI,
and DLP. Some solutions could also register
size-specific data for further individual estima-
tions (Parakh et al. 2016; Weisenthal et al.
2016).

The development of new tools supporting
radiology is going on. Especially the IHE
Radiology Domain is working on different new
profiles (see also wiki.net.ihe). Some examples
for these activities are as follows:

“Cross-Enterprise Remote Reporting for Imaging
Workflow Definition”, which is relevant for
access to the different clinical information
types besides imaging such as patient summa-
ries and laboratory results in a distributed
interpretation workload of radiologists.

“Standardized Operational Log of Events”
(SOLE) for an easy way to collect and com-
pile events coming from different systems,
generating an event repository, supporting
business intelligence tools or tools related to
performance measurement.

“Enterprise Scanner Protocol Management” will
allow the central management of scanning
protocols and distribution to the different
modalities within an enterprise. This is espe-
cially relevant for CT and MRI scanners and
would improve the standardization of study
descriptions. Based on that, the possibilities
for the observation of radiation dose exposure
and other quality issues could be improved.

“Critical Finding Follow-up Workflow” will
improve the tools to mark unexpected, but
noncritical, observations requiring a follow-
up study (e.g., smaller lung nodules). There is
no doubt that radiologist should care about the
communication of such additional findings to
the referring physician and about appropriate
actionable measures. As part of this develop-
ment, there is also a new concept for “Report
Distribution” as part of the developing cycle
2016-2017 in progress.

4 Cross-Enterprise
Communication and Patient
Involvement

New technical developments have a great poten-
tial to change the kind of communication and
cooperation between healthcare professionals
and also the interaction with patients itself. This
parallels with other challenges in radiology,
as improved customer service, the call for
“patients first”, or shortage of radiologists or
technicians (Becker et al. 2016; European Society
of and American College of 2016). Developing a
patient-centered radiology process model is one
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example for taking these challenges into account
and provides metrics for measuring patient expe-
riences (Swan et al. 2017).

Enabling cross-enterprise and cross-sectorial
communication and involvement of citizens or
patients is a political goal in many countries. It
is expected that better communication and infor-
mation flow could simplify diagnostic and ther-
apeutic processes, leading to improved care
provision. Also, the access to healthcare, opti-
mization of quality, and cost reduction are in the
focus of such concepts. In Europe, the European
Commission has founded many projects pro-
moting eHealth including interoperability, e.g.,
epSOS or eStandards. As part of this propaga-
tion, an eHealth European Interoperability
Framework has been developed, which
addresses different topics like governance, legal
interoperability, organizational interoperability,
and semantic interoperability. Sharing radiolog-
ical workflow and imaging result distribution is
included in the list of high-level use cases
(European Commission 2013). At present, sev-
eral countries in Europe already have national
eHealth strategies which are implemented or in
implementation (e.g., Austria, Denmark,
Luxemburg, Switzerland). Most of such national
or regional eHealth plans incorporate the ITHE
concepts for cross-enterprise communication
(IHE XDS profiles family).

However, improved information exchange
with other care providers has an impact on radio-
logical workflow. This includes the access to
electronic health records (EHR) or even the han-
dling of media with imaging studies from abroad.
EHR deployment interfaces with the role of
RIS. The structures for managing the IT systems
become more complex and require a more sophis-
ticated team approach (Sachs and Long 2016).

The implementation of diagnostic imaging
repositories (DIRs) allows seamless patient data
sharing between separate organizations. There is
an increasing interest in the outcome of such net-
works. Some metrics have been proposed for
such an analysis, e.g., the number of access to
foreign studies, the impact of CD imports, and
reduction of reimaging of patients. In a Canadian
study referring to the Toronto region, it could be

demonstrated that about 40% of in-house patients
have priors in the DIR, a marked reduction of CD
imports could be achieved, and an estimated rate
of about 15% of patients could be prevented from
repeated imaging (Nagels et al. 2017).

5 Artificial Intelligence and Big
Data

Decision making is one of the core tasks in radi-
ology with finding the best diagnosis and differ-
ential diagnosis in a given imaging study. There
is a long tradition of analyzing the “Reasoning
Foundations of Medical Diagnosis” — R. Ledley
and L. Lusted, pioneers in this field, already
described basic principles of logic, probability,
and value theory in 1959. Also, they discussed
the potential of computers in supporting diagnos-
tic procedures (Ledley and Lusted 1959). More
than 50 years later, these visionary ideas could
become a reality and people are asking: Will
computers replace radiologists? (Jha 2016).

There is no doubt that progression in com-
puter science has made huge contributions to
imaging technologies and also that image pro-
cessing with 3D visualization, segmentation, and
volumetric analyses is established in radiology
today. But such tools have a supportive intention
in improving decision making of diagnosis. They
are based on definite algorithms. The process of
image analysis is reproducible for humans and
results are predictable.

New developments based on “artificial intelli-
gence” (Al) are completely different, because the
approach is disruptive from former image pro-
cessing technologies and the goal and potential
are to find the best diagnosis, even without under-
standing the way and why the computer system
gets the specific result. Therefore, it is not sur-
prising that visionary computer scientists are
convinced that computers will be able to take
over the decision making in image interpretation.
This might be one reason why several companies
are active in this domain. For example IBM with
the Watson Health Imaging program has acquired
a PACS company, Google is in cooperation with
a National Health Service Trust in the UK, and
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several other new players (e.g., Enlitic) are very
active (Jha 2016).

It might be more realistic to see Al as a sup-
portive approach in radiology to improve the
quality and precision of diagnosis instead of a
“black-and-white” discussion on replacing radi-
ologists. There are many new challenges in
radiology with an increasing number of images
per study; the requirement for volumetric analy-
sis, e.g., in oncology or liver surgery; the dif-
ferential diagnosis of less common findings; and
the increasing workload itself. Al-based tools
could help to separate normal findings from
pathologies, finding lung nodules, detecting
fractures or lung embolism, and many others.
On the other hand, there are different obstacles
for Al to overcome. For example for the training
of AI tools, many thousands or even million
cases have to be analyzed. One relevant chal-
lenge is that for the training of Al tools, quali-
fied radiology reports are required. But it is
known that extraction of validated and/or coded
information out of conventional free-text reports
is not an easy task. Besides this, also consis-
tency in radiological diagnosis will be another
challenge.

Several terms are in use to describe such com-
puter-based tools. Besides Al, there is “machine
learning” (ML), “deep learning,” “data mining,” or
“Big Data,” which are sometimes mixed or have
some overlap. Al and machine learning might be
understood as higher ranking concepts, which are
using different specific tools (Erickson et al.
2017b; Wikipedia 2017a). For example, deep
learning is part of machine learning using specific
artificial neural networks with a wide range of dif-
ferent architectures as deep neural networks, deep
belief networks, or recurrent neural networks
(Erickson et al. 2017a; Wikipedia 2017c). Typical
fields of application are computer vision, speech
recognition, natural language processing, machine
translation, etc.

Machine learning could be used in pattern rec-
ognition in medical images and rendering medical
diagnosis. In machine learning, different tech-
niques are in use, such as linear models for classi-
fication and regression, artificial neural networks,
kernel-based tools, probabilistic models, cluster

analysis, dimensionality reduction, reinforcement
learning, multiple instance learning, graph match-
ing, or structured prediction. Conventional appli-
cations of machine learning in the past have been
image segmentation, image registration, com-
puter-aided detection and diagnosis, functional
analysis, content-based image retrieval, and text
analysis of radiology reports by NLP (Wang and
Summers 2012; Erickson et al. 2017b; Wikipedia
20174d).

Usually, several methods of machine learning
can be combined. Especially deep learning meth-
ods could perform better when combined with pre-
or postprocessing by conventional algorithms.
There are open-source tools available for use in
different platforms. Also, there are pre-trained
neural networks available, which were originally
not intended for radiological images, but could be
adopted and already perform well (e.g., AlexNet,
GoogleNet). Training of such systems could be
done in a non-supervised or in a supervised form.
Supervised learning requires labeled information
for training of the system and could be done on
smaller datasets in a more efficient and faster way.
However, there often is a drawback in the labeling
of data, because radiology reports are not available
with codes. Probably, structured reporting could
improve this approach in the future.

Advantages of these machine learning tools
could be reducing workload and improving accu-
racy, e.g., segmentation of anatomical structures
or pathologies. Examples for this are CAD in
breast imaging or detection and identification of
lung nodules or colonic polyps. Most times, such
tools might focus on sensitivity, which means
that there could be a lot of false-positive findings
that have to be sorted out by aradiologist. Barriers
in the adoption of these methods are, e.g., in the
transition of use in small datasets to large datas-
ets, which could have different features, and in
the potential complexity based on many variables
(Wang and Summers 2012).

There are some promising results with the use
of a deep learning approach. Lakhani and
Sundaram published a study on automated clas-
sification of pulmonary tuberculosis by using
deep convolutional neural networks. They used
the AlexNet and the GoogleNet in different
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settings including preprocessing techniques. It
could be shown that the best performing classifier
could reach an AUC of 0,99 (Lakhani 2017).

Kline et al. have tested a deep neural network
for fully automated segmentation of polycystic
kidneys to measure the total kidney volume.
Based on a set of 2000 cases, they found that
fully automated segmentation works at a level
comparable to interobserver variability and could
be used as a replacement for conventional seg-
mentation (Kline et al. 2017).

Brain imaging is another field in the applica-
tion of machine learning, in which a lot of
classical algorithms have been established for
segmentation of normal and abnormal tissue
(Akkus et al. 2017). In the past, the limiting fac-
tor in the use of tools like this was the missing
ability to generalize. Also, normal variations are
difficult to handle by conventional image seg-
mentation. This explains the relevant interest in
deep learning tools for analyzing brain imaging.
Different datasets are available and have been
provided for competitions for several years; these
include brain tumors, stroke detection, traumatic
injuries, etc. Erickson and his coworkers stated in
their review that there is a significant potential for
deep learning techniques. Even though deep
learning tools have been established only
recently, it seems like they will one day outper-
form conventional image processing techniques
(Akkus et al. 2017).

Predicting the future might be difficult,
Obermeyer and Emanuel stated in their position
paper in late 2016, saying that conventional
expert systems, which adopt general rules to
new patients, will be overcome and machine
learning tools will succeed, because these are
learning rules from data. They expect that ML
will replace much of the work of radiologists
and anatomical pathologists (Obermeyer and
Emanuel 2016).

While others do have a different view on radi-
ology, there is a challenge to find the optimal
approach for translating artificial intelligence
into clinical care. In case there will be a func-
tional deep learning system for analyzing dedi-
cated images, this could outperform radiologists
in regard of processing time and costs, and also

error rate. This will impact practice and clinical
training, and also payment systems in the future
(Beam and Kohane 2016). This might change or
improve the role of radiologists as information
specialists handling the different kinds of infor-
mation advise on further test and guide clinicians
(Jha and Topol 2016).

Another topic in general is “Big Data”, which
will have some impact on radiology, too. Big Data
is used for datasets so large or complex that tradi-
tional data processing algorithms are not appropri-
ate anymore. Big Data challenges different fields
from data capturing and data storage to privacy
issues. Volume, variety, and velocity are key ele-
ments in handling “big” data, which requires new
tools including machine learning and high-perfor-
mance computing with massive parallel comput-
ing. Different aspects in healthcare could benefit
from this approach using large datasets, e.g., in
genomics, electronic health records, and also medi-
cal imaging (Brink et al. 2017; Brink 2017,
Wikipedia 2017b).

For the development of tools especially in
imaging data science, huge datasets will be
required. Such datasets should be organized by
different sites to avoid selection of site-specific
issues based on protocols, patient selection, or
demographics. Such datasets, as already avail-
able for some regions including brain, lung, or
liver, could be evaluated with different algo-
rithms and programs to validate their capabili-
ties. The advantage of these tools could be the
correlation of different health information com-
ing from radiology, pathology, lab results, etc.
Tools based on such algorithms could be used
for decision support, online guidance in stan-
dardized reporting, improved quantification,
and quality in reporting in general. Hurdles
could be limited quality of data itself with
inconsistent information, and of course security
and privacy aspects. Privacy aspects are relevant
for the use of data in research, because the
recombination of different information even out
of pseudonymized or anonymized date could
identify distinct persons (Brink 2017; Brink
et al. 2017; Kruskal et al. 2017). In the UK,
Google Deep Mind has developed an app
based on millions of regular NHS datasets.



IT Innovation and Big Data

167

This approach has been found to break UK
privacy laws (BBC 2017). Professional organi-
zations are acting on these issues. ACR
(American College of Radiology) has started
the ACR Center for Imaging Data Science,
which will go beyond diagnostic performance
of machine learning algorithms. Issues like data
ownership, access rights, liabilities, education,
and creation of datasets will be addressed as
well (Brink 2017). In Europe, similar questions
will be in the focus of an ongoing EU project
called MEDIRAD, which is coordinated by the
European Institute for Biomedical Imaging
Research (EIBIR 2017) and in which ESR will
be the leading organization.

Data mining and business analytics are other
items coming on stage now in radiology, too.
Data mining is about knowledge detection in
databases, which is relevant in the field of radiol-
ogy for imaging data and associated metadata as
technical parameters of imaging procedures,
reports, information in the EHR, etc. Several
techniques are used in data mining, e.g., group-
ing of similar data objects, heuristic search algo-
rithms, neural networks, or decision trees. Data
mining could be used to establish references or
standards from a trusted cohort or to identify ref-
erence images for a given finding. The combina-
tion of data mining and radiomics could improve
the detection of features that could not be identi-
fied by visual analysis alone. As Gillies et al.
stated, “Radiomics: Images are More than
Pictures, They are Data” (Gillies et al. 2016),
radiomics is about the extraction of statistical
features out of images. Subsequent analysis could
feed decision support, especially in combination
with other data sources, or could be used to moni-
tor therapeutic concepts.

Besides imaging data, there is a growing
demand and pressure to care about economics
in radiology. Radiology is faced with high fixed
costs for providing up-to-date imaging quality
and 24h service for emergency cases. Therefore,
there is a need to know about the resources,
imaging capacity, turnaround times, quality
indicators, etc. Business analytics (BA) can
help to analyze such data and provide results
for decision making, resource allocation, and

more. The quality of such analyses relies on the
metrics used and the consistency of primary
data. The Society of Imaging Informatics
(SIIM) has developed a workflow lexicon for
harmonization of terms and leveraging work-
flow management tools (Erickson et al. 2013).
Also, BA and BI are often used in radiology to
improve quality and safety or patient outcome.
An example for this is radiation dose monitor-
ing with benchmarking on different levels, e.g.,
study or institutional. As part of the discussion
on value-based radiology, such data is more rel-
evant than before. Different levels of BI can be
found with the differentiation in descriptive,
predictive, or even prescriptive analytics (Cook
and Nagy 2014).

Conclusion

There is no doubt on the relevance of IT in
radiology. Actual developments will have dif-
ferent effects on radiology. Better solutions
for IT tools and for business analytics will
improve the efficiency, workflow, quality, and
safety in radiology. Otherwise, artificial intel-
ligence, machine learning, Big Data will prob-
ably have amore disruptive effect. Radiologists
should be interested in these techniques and
try to understand the underlying concepts.
Also, they should realize the opportunities for
better results in image interpretation, provid-
ing new findings and conclusions based on
such analysis, which could not be given
before. Finally, all these improvements should
ensure better care and a better outcome for
patients and population health.
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which are accessing the healthcare market.
Additionally other technologies are emerging,
and expecting, to quickly also access the market
(e.g., molecular diagnostics). These new tech-
nologies usually are costly, either in their acqui-
sition, installation, operation, or maintenance.
This trend is paralleled with the growth and
aging of populations which will imply an
increased demand for medical imaging services,
obviously associated to higher costs. These
expected raising costs are a concern for finite
healthcare budgets of health systems. Policy
decision-makers, healthcare managers, and cli-
nicians have to be wise on how to allocate these
scarce economic resources. They need to base
their decisions in comprehensive, objective,
health system tailored information. Questions
faced by decision-makers when deciding on one
innovative and new health technology (HT)
include: is this new HT necessary for my coun-
try/hospital? Is the new HT justified sufficiently
by the overall benefits achieved in terms of
safety, health outcomes, and costs in my coun-
try/hospital? Which patients can benefit the
most from this new HT in my country/hospital?
Among the big number of choices of HT, which
are the most appropriate for a specific health
problem in my country/hospital?

Healthcare Technology Assessment (HTA)
aims to explore in what way and under what con-
ditions the use of specific healthcare technologies
can help to create value for patients and society at
large (Banta and Luce 1993). Such value may
derive from the fact that healthcare technologies
can help to restore functioning, alleviate suffer-
ing or pain, or avert death in an affordable and
sustainable way. Value may also derive from fos-
tering moral values such as bolstering patients’
autonomy and promoting equity. HTA provides
with the information decision-makers need to
base their decisions. HTA is a tool used more and
more around the world by health system deci-
sion-makers in their process of deliberating and
deciding which innovative and emerging tech-
nologies deserve allocation of resources. The
International Network of Agencies for Health
Technology Assessment (INAHTA) define HTA
as “the systematic evaluation of the properties

and effects of a health technology, addressing the
direct and indirect effects of this technology, as
well as its indirect and unintended consequences,
and aimed mainly at informing decision making
regarding health technologies” (INAHTA 2017).
HT is defined as “an intervention that may be
used to improve health, to prevent, diagnose or
treat acute or chronic disease, or for rehabilita-
tion”. Therefore, HTs include pharmaceuticals,
devices, procedures, and organizational systems
used in healthcare (INAHTA 2017). The goal of
HTA is provide input into decision-making in
policy and practice (Health Technology
Assessment 2009), it is not research for research
or for the sake of knowledge, it has to be aimed to
advice and influence decision-making.

HTA takes a broad view of the HT; it takes
into account a comprehensive set of aspects that
can impact in the healthcare system when the
HT accesses the market. The aim of HTA is to
determine the “added value” that the HT brings
into the system, especially considering its ben-
efits and financial costs, what is it known as
cost-effectiveness analysis (i.e., looking at the
incremental cost-effectiveness ratio, ICER).
Besides to consider costs and effectiveness (i.e.,
the effects of HT in real life), HTA include in
their analysis, insofar as possible, information
on organizational impact (i.e., how the technol-
ogy is going to impact the current provision of
care), patient impact (i.e., how the HT is going
to impact the quality of life of the patient and in
its relations with his/her environment), and ethi-
cal, legal, and social consequences of using the
HT. Moreover, sometimes it gives guidance on
where and how the HT should be implemented
in clinical practice (Goodman 2014). To notice
that the comprehensive amount of information
that HTA embraces make it different from the
evidence requirements asked by regulatory
agencies when granting the market access for a
HT, which are mainly based in looking at the
safety (i.e., HT is not going to incur in an unac-
ceptable risk for patients) and efficacy (i.e., ben-
efits from the HT in “ideal”/*controlled”
conditions of practice). Figure 1 depicts the dif-
ferences in informational requirements from
regulatory agencies and HTA agencies; it also
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shows the sources where information is
obtained. Although ideally an HTA report would
have to include all the steps and information
shown in Fig. 1, the real world make that this
happens in few occasions. This is so because
decision-makers not always asked for all these
information, moreover since the main feature of
HTA is that considers the context where the
decision should be taken (Sampietro-Colom
2012; Kidholm et al. 2015), different healthcare
context ask for different types of information or
conducts the assessment process differently. For
example, in France, the organization in charge
for assessing HTs (i.e., HAS) look first at the
effectiveness of the HT; if the available data is
not good enough, they do not look at the cost
aspects. For the contrary, in the United Kingdom,
the organization in charge of doing the assess-
ments (i.e., NICE) performs directly a cost-
effectiveness analysis comparing the effects and
the cost of the new HT with the current standard
of care (Oortwijn 2017).

Given the wide scope of HTA, it needs to be
a systematic interdisciplinary process based on
scientific evidence and other type of informa-
tion (Health Technology Assessment 2009).

(relative/comparative)

Safety & Absolute

)
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Global evidence:
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Technical tests and clinical
evidence (RCT)

HTA aims to achieve this by producing, criti-
cally appraising, and synthesizing relevant evi-
dence. Such evidence may derive from various
sources, e.g., randomized controlled trials
(RCTs) and clinical registries, and entail the use
of both, qualitative and quantitative research
methods (Bailar and Mosteller 1992).

In their process to elaborate the HTA report,
a wide range of professionals such as clini-
cians, nurses, economists, social scientists, eth-
icists, public health and health services
researchers and, more and more, patients and
their relatives are included. The most frequent
activity and product of HTA has traditionally
been the systematic review of published evi-
dence regarding the HT, and cost-effectiveness
analysis also based on published data (Goodman
2014). Nevertheless, more and more HTA is
being introduced in prospective clinical studies,
which collect information in all the aspects
required to inform a decision in a specific con-
text (Zboromyrska et al. 2016).

As mentioned before, HTA is aimed to advice
and influence decision-making. HTA since its ori-
gins, in the 80s decade, was devoted to inform cov-
erage and reimbursement decisions. Nevertheless,
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Fig.2 Use of HTA in the life cycle of health technologies and in the decisions across development

currently HTA is used along the life cycle of the
HT to either inform early decisions about whether
to pursue development of a HT in the stage of
R&D, to later decisions on disinvestment of HT
(Facey et al. 2015; Henshall et al. 2012). Figure 2
shows the uses of HTA along the lifecycle of a HT
and across the several decisions that should be
made in their development.

The use of HTA around the world is contin-
uously expanding. Nowadays, the International
Network of Agencies for Health Technology
Assessment (INHTA) includes 47 public HTA
organizations from all the continents. These
are mainly governmental agencies. Besides
there are a growing trend to establish hospital-
based HTA units (HB-HTA) around the world
(Sampietro-Colom  and  Martin  2016).

Moreover, the use of HTA when deciding the
added value of HT is being strongly promoted
by the European Union and the World Health
Organization (WHO). The former has formally
established an HTA Network that is aimed to
fulfil the Directive 2011/24/EU which enforces
to use HTA before introducing innovative tech-
nologies in Europe (Health Technology
Assessment Network 2017). Additionally, the
67th world health assembly approved a resolu-
tion in May 2014 urging member States “to
consider establishing national systems of
health intervention and technology assessment,
encouraging the systematic utilization of inde-
pendent health intervention and technology
assessment in support of universal health cov-
erage to inform policy decisions, including
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priority-setting, selection, procurement supply
system management and use of health inter-
ventions and/or technologies, as well as the
formulation of sustainable financing benefit
packages, medicines, benefits management
including pharmaceutical formularies, clinical
practice guidelines and protocols for public
health programmes” (WHA67.23 2014).
Finally, HTA is also being grounded in the
USA through the enforcement of comparative-
effectiveness research (Riaz et al. 2011).

The current paradigm of evidence-based pol-
icy and clinical decision-making requires that
the potential value of any specific healthcare
technology be defined and operationalized
through an HTA. In addition, it requires an
understanding of the factors that jointly deter-
mine a healthcare technology’s actual value in a
specific context. Both of these—how should
value be defined and what factors seem to deter-
mine a healthcare technology’s actual value in a
specific context—are highly relevant to the HTA
of imaging technologies.

2 HTA and Diagnostic Imaging

2.1 Recognizing the Challenges

New diagnostic imaging technologies, as any HT
in the era of evidence-based decision-making,
need to prove what added value brings to what it
is already in place. Nevertheless, worth to men-
tion that to assess diagnostic imaging technolo-
gies is more complex than assessing treatments.
Metrics for assessing the effectiveness of treat-
ments usually include surrogate outcomes (e.g.,
bone mass levels) and end-point outcomes (e.g.,
clinical morbidity, functional status, quality of
life, and mortality) and usually a direct relation-
ship between the treatment and the result can be
established. For diagnostic imaging technologies
there is not such a direct relationship between
their use and final patient outcomes; its final
impact in patient outcomes depends on the effect
of the clinical intervention selected from the
information provided by the diagnostic image
(Fryback and Thornbury 1991). Therefore, one

challenge for assessing diagnostic imaging tech-
nologies is the need to evaluate the technology in
the context of its effect on the pathway of care,
which makes the assessment more complex.
Moreover, it is not always obvious where in the
care pathway the diagnostic technology is best
placed, which require evaluating different strate-
gies. Additionally, since diagnostic tests are fre-
quently done in conjunction with other tests or
measurements, it is the composite of the results
from the series of tests that is used in decision-
making and, therefore, what should be assessed.
Another challenge deals with the fact that diag-
nostic technologies, especially those based on
electronics, often change rapidly as new meth-
ods, upgrades, and capabilities are added. This
situation poses difficulties when looking for the
right comparator for the assessment (i.e., risk of
outdated comparisons). Comparisons are also
challenged by machine and inter-reader variabil-
ity, and operator learning curves which impact on
diagnostic performance and, finally, in outcomes
(Gazelle et al. 2011).

2.2 Assessing the Value
of Medical Imaging

Technology

Although challenges for assessing diagnostic
imaging technologies exist as mentioned above,
frameworks for assessing their value have been in
place for long time. The most used framework
dates from 1991 (Fryback and Thornbury 1991)
and includes six progressive levels of efficacy
assessment: level (1) technical efficacy (e.g.,
imaging resolution); level (2) diagnostic accu-
racy efficacy (e.g., test sensitivity/specificity);
level (3) diagnostic thinking efficacy (e.g., pre-
and post-test changes in subjective determined
outcome); level (4) therapeutic efficacy (e.g.,
effects of diagnostic on choice of therapy); level
(5) patient outcome efficacy (e.g., value of test
information including measures of morbidity,
quality of life, and mortality); level (6) societal
efficacy (e.g., cost-effectiveness analysis from
societal point of view). This framework was
mainly addressed to be guidance for making
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decisions on the type or characteristics of the
research needed for assessing the value of a spe-
cific technology.

Building on this framework, the Working
Group on Comparative Effectiveness Research
for Imaging has recently developed taxonomy for
classifying diagnostic imaging technologies
according to the extent of outcomes data needed
for determining their added value (Gazelle et al.
2011). The taxonomy is based in three pillars,
which are: (1) size of the at-risk population (i.e.,
number of people affected by the technology); (2)
anticipated clinical impact (i.e., expected net
health benefits compared with the standard of
care); and (3) potential economic impact (i.e., unit
cost downstream healthcare cost, and relative cost
of the technology compared with standard of
care). Each of these three pillars has three levels
of impact: small, medium, large. The combination
of the pillars and their levels determines the char-
acteristics and robustness of data and outcomes
requirements to prove the added value of the tech-
nology. For example, the higher the population at
risk and the smaller the anticipated clinical impact
the higher level and robustness of outcome data
required. The data and outcomes considered in
this taxonomy relates to the six levels of efficacy
assessment mentioned above. To mention, that the
type of outcomes considered relevant can differ
substantially depending on the type of decision-
maker looking at the value of the technology.
Regulators, politicians, healthcare managers, cli-
nicians, and patients can all have different require-
ments for the type of data and outcomes they
consider relevant. This is very important to take
into account when designing original research
studies as well as when synthesizing the available
evidence for testing the added value of a technol-
ogy. Involvement of all relevant stakeholders is
highly advisable to look at the most appropriate
outcomes to include in the assessment.

Traditionally, the value of imaging technology
has been defined in terms of its capacity to accu-
rately distinguish between persons who do, and
persons who do not have a particular condition of
interest. Key parameters to express such diagnos-
tic performance are sensitivity, specificity, posi-
tive and negative predictive value, and likelihood

ratio. Such measures determine to what extent
prior probability of disease is affected as the
result of diagnostic test information.

Increasingly, however, such diagnostic test
parameters are considered surrogate endpoints,
and patient outcome is considered the key param-
eter of interest (Schiinemann et al. 2008). In other
words, the value of a diagnostic test cannot be
inferred from its capacity to establish or exclude
disease, but from patient outcome: how does
using the diagnostic test improve the prognosis of
patients? Clearly, this requires a different study
design to produce the requisite data. Classical
diagnostic test research requires a systematic
comparison of results of an index test with results
of a reference test (gold standard). Data are ana-
lyzed through cross-tabulation, yielding parame-
ters such as sensitivity and specificity and positive
and negative predictive values. When patient out-
come is used as a criterion for a diagnostic test’s
value, an RCT is required, randomly allocating
eligible patients to two or more different diagnos-
tic trajectories, followed by clinical management
on the basis of these trajectories. Patients are then
followed up for sufficiently long periods of time
to allow to decide whether the different diagnos-
tic trajectories translate into clinically meaning-
ful and statistically significant differences
between the groups of patients. Recent examples
of such RCTs include the studies of computed
tomographic angiography in patients with clini-
cally suspected coronary disease (Douglas et al.
2015; Newby et al. 2015; see Table 1 for a sum-
mary of these trials).

An advantage of this approach is that it also
allows for assessment of other endpoints, such
as cost-effectiveness of a novel diagnostic test
as compared to current diagnostic practice.
Another advantage is that there is no need for a
gold standard. A possible drawback of this
approach is that it represents the combined
assessment of a diagnostic test and subsequent
clinical management. Theoretically, it is possi-
ble that a novel diagnostic test outperforms cur-
rently available diagnostic tests, but that this
fails to translate into improved clinical outcome
because there are insufficient therapeutic oppor-
tunities to take advantage of such difference.
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Thus, such trials aim to optimize the entire (economic evaluation); (7) ethical aspects; (8)
patient-pathway instead of determining the best organizational aspects; (9) social aspects; (10)
possible diagnostic strategy. In that sense, RCTs legal aspects. For each domain, there are a vari-
testing combinations of different diagnostic able set of topics to consider (e.g., for clinical
strategies and successive treatment may be con- effectiveness the topic could be life expectancy,
sidered truly pragmatic trials: they aim to estab-  or for societal aspects could be ability to work).
lish whether different diagnostic strategies Moreover, for each topic, there are different
result in better outcomes that matter to patients, issues to take into account or explore (e.g., for
not in evidence of different diagnostic test per- the domain on clinical effectiveness and the
formance (Ford and Norrie 2016). topic mortality, two issues could be the effect of
Besides the frameworks proposed by aca- the intervention on the mortality caused by the
demia, the European Network of Agencies for target disease and the effect of the intervention
Health Technology Assessment (EUnetHTA) on the mortality due to other causes than the tar-
has also developed the HTA Core Model for get disease).
Diagnostic Technologies (2008). This Core Public organizations performing HTA (e.g.,
Model is proposed to standardize the assess- Governmental agencies, hospitals, universities)
ment of diagnostic technologies and it is have been assessing diagnostic imaging technol-
addressed mainly to scientists performing ogies for long time. A research performed under
HTA. Nevertheless, this framework could also the Euro-Bioimaging Project which include 33
be a guidance to take into account when design-  organizations performing HTA from 17 European
ing clinical trials for imaging technologies in countries showed their experience in assessing
order to include all relevant data that will be diagnostic images technologies as well as the
asked when the HT will want to access the mar- type of contribution these organizations could
ket. This Core Models uses ten main domains of  provide in a network assessing this type of tech-
assessment including: (1) current use of tech- nologies (Fig. 3). Therefore, considering the
nology (implementation level); (2) description existence of available frameworks for assessing
and technical characteristics of technology; (3) diagnostic imaging technologies and the experi-
safety; (4) accuracy; (5) effectiveness; (6) cost ence and willingness of collaboration from orga-
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nizations performing HTA, the assessment of the
added value of innovations in the field of diag-
nostic imaging should become a systematic pro-
cedure before their access to the healthcare
arena.

2.3 Considering Determinants
of Value of Medical Imaging

Technology in Daily Practice

It is widely recognized that results from RCTs
need not translate into similar results in daily
practice. Patients may be selected more carefully,
users may be more experienced, or more appro-
priate action may be taken in case of adverse
events in the context of an RCT as compared to
daily practice. This definitely also seems to hold
with respect to imaging technology. Although the
value of specific imaging technologies itself need
not be challenged, the overall “community value”
is seriously challenged because of suspected
wide and systematic over-utilization (Hendee
et al. 2010). Average annual growth rates of use
of CT of 10.2% (1998-2005) and of 4.2% (2005—
2008) among HMO enrolees in the USA have
been reported; for MRI, these figures were 14.5%
and 6.5%, respectively. Concurrently, associated
radiation exposure has increased during this
period (Smith-Bindman et al. 2012). An esti-
mated 20-50% of imaging is deemed unneces-
sary, and imaging is by far the most common
service on the list of unnecessary tests and proce-
dures of the Choosing Wisely campaign. In
response, professional organizations have started
to put more focus on the development of criteria
for the appropriate use of imaging technologies
(e.g., Carr et al. 2013), which, of course, requires
arelevant and reliable evidence base, in conjunc-
tion with some form of monitoring (Durand et al.
2015). In the remainder of this chapter, we will
present a more detailed example of an RCT of
an imaging technology (the SPARTACUS trial,
comparing CT scan versus Adrenal Vein
Sampling in patients with hypertension due
to primary aldosteronism). This will serve as a
basis for a discussion of the strengths and weak-
nesses of such approach, resulting in concrete

recommendations for deciding when an RCT
might be appropriate to assess the value of medi-
cal imaging technology.

3 Case Study: Imaging
Versus Functional Testing
in Patients with Primary
Aldosteronism:

The SPARTACUS Trial

The SPARTACUS trial was conducted to assess
whether imaging (computed tomography, CT)
or functional testing (Adrenal Vein sampling,
AVS) is the preferred mode of distinguishing
between bilateral adrenal hyperplasia and uni-
lateral aldosterone-producing adenoma in
patients with primary aldosteronism (PA)
(Dekkers et al. 2016). Increasingly, PA is being
recognized as an important cause of hyperten-
sion and its squeals (Abad-Cardiel et al. 2013).
PA may originate from bilateral adrenal hyper-
plasia (BAH) or from unilateral adenoma-pro-
ducing adenoma (APA). Clinically, it is
important to distinguish between the two sub-
types of PA, since patients with BAH are treated
with mineralocorticoid receptor antagonists and
patients with APA are offered adrenalectomy.
Conventionally, imaging (CT) is used to differ-
entiate between the two subtypes. The limita-
tions of this particular use of CT have been
widely recognized (e.g., Patel et al. 2007). On
the one hand, the resolution of CT may be insuf-
ficient to detect small nodules. On the other
hand, it may lead to the detection of non-pro-
ductive nodules. AVS involves a percutaneous
femoral vein approach, taking blood samples
from the inferior vena cava and both adrenal
veins, allowing for the measurement of aldoste-
rone and cortisol levels at each of these sites
(Daunt 2005). Although AVS is less readily
available, technically more demanding, more
invasive, and more costly than CT, it might still
be the preferred option if it would more
accurately discriminate between BAH and
APA. The SPARTACUS trial was designed to
address this issue. In the absence of a gold stan-
dard, we chose to conduct an RCT. This allowed
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us to compare the two diagnostic modalities in
terms of their impact on patient outcome
(achieving target blood pressure: <135/85 mmHg
according to daytime ambulatory blood pressure
monitoring). The hypothesis was that if the two
diagnostic modalities (imaging (CT) and func-
tional test (AVS)) would differ in their capacity
to accurately distinguish between APA and
BAH, this would translate into a difference in
optimal treatment (adrenalectomy for patients
with APA and mineralocorticoid receptor antag-
onists for patients with BAH), which, in turn,
would translate into differences in proportion of
patients reaching target blood pressure.
However, since the effect of suboptimal treat-
ment of PA may be masked by more intensive
antihypertensive medication, the primary end-
point of the study was intensity of antihyperten-
sive medication needed, expressed in daily
defined doses (ddd). The trial was designed to
achieve a 80% statistical power to detect a dif-
ference of 0.8 in ddd between the two groups.
All patients were followed up for a period of 1
year. The RCT design also allowed us to assess
whether the two diagnostic modalities resulted
in differences in quality of life and costs. The
trial was an investigator-driven study, conducted
at five university-based hospitals in Europe.

At 1 year follow-up, no differences were
found between the two groups in terms of
median intensity of antihypertensive medication
(ddd of 3 in both groups, p = 0.52), median
number of antihypertensive drugs (2 in both
groups, p = 0.87), proportion of patients achiev-
ing target blood pressure (43% and 45% in the
CT group and AVS group, respectively,
p = 0.82), or median 24 h ambulatory blood
pressure (systolic: 127 (IQR: 120-138) vs. 128
(IQR: 121-135) mmHg; diastolic: 80 (IQR:
75-86) vs. 81 (IQR: 76-85) mmHg, in the CT
and AVS group, respectively). No difference
was found in terms of median quality adjusted
life years either (1.29 (IQR: 1.23-1.35) and 1.24
(IQR: 1.18 1.30) in the AVS and CT group,
respectively; p = 0.26). Median total costs were
higher in the AVS group (€6746; IQR 5965—
7527) as compared to the CT group (€4228;
IQR 3604-4852), p < 0.001. Costs included

costs of drugs, surgery, AVS, CT, ambulatory
visits, and costs associated with complications.
These figures translate into a low probability
that AVS should be considered a cost-effective
alternative to CT in the diagnostic workup of
patients with PA, with a probability of 0.02,
0.24, and 0.35 at cost-effectiveness thresholds
of €20,000, €50,000, and €80,000 per QALY,
respectively.

Although on theoretical grounds AVS might
be expected to be superior to CT in distinguish-
ing between patients with BAH and patients with
APA, the results of our trial suggest that this may
not actually be the case. Although the design of
our trial does not allow to draw conclusions
regarding the diagnostic performance of the two
modalities (accuracy of identifying the two sub-
types of PA), the results do suggest that even if
there were such a difference, this does not trans-
late into clinically meaningful and statistically
significant differences in patient outcomes (blood
pressure control, quality of life). Also, from a
societal perspective, using AVS instead of CT in
the diagnostic workup of patients with PA is
unlikely to constitute an efficient use of resources.
An RCT, then, although not commonly used in
the context of evaluating diagnostic tests, allows
for the assessment of a wider scope of outcomes
that are arguably relevant from an HTA perspec-
tive. A drawback might be, however, the higher
costs that are associated with conducting an RCT
as compared to conventional diagnostic test
research. It would be important, then, to assess
upfront whether conducting a specific RCT might
be worthwhile. In the following, we will briefly
outline a modelling procedure that could be used
for such purpose.

4 Value of Information
Analysis

Resource scarcity does not only hold for health-
care interventions, it also holds for research into
the safety and clinical and cost-effectiveness of
those interventions. Spending wisely is not only a
mandate for healthcare, it is also a mandate for
healthcare research. It would be helpful to assess
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upfront, then, whether a specific RCT might con-
stitute a worthwhile use of resources. A poten-
tially fruitful approach to this question might be
value of information analysis (Keisler et al.
2014). Basically, in this approach, conducting
research is a matter of reducing uncertainty. In
addition, it is acknowledged that uncertainty can
incur certain costs. The approach offers a frame-
work for integrating costs and anticipated bene-
fits (resulting from reducing uncertainty) of
conducting a specific study. In the case of AVS
and CT in the diagnostic workup of patients with
PA, this could work out as follows. At the time,
prior to the conduct of the SPARTACUS trial,
there was genuine uncertainty regarding the ben-
efits of AVS as compared to CT in the diagnostic
workup of patients with PA. Theoretically, AVS
could be superior to CT, but there was hardly any
evidence to substantiate such claim. In such a
situation (“‘equipoise”), it is defensible to subject
half of the patients to AVS, and half of the patients
to CT. In the absence of evidence of the compara-
tive value of AVS versus CT, this could mean that
there is a 50% probability that patients are sub-
jected to AVS, while it has no added benefit to
patients. Likewise, there is a 50% probability that
patients are not subjected to AVS, while it would
confer a benefit to patients. In the former case, a
more invasive and (arguably) more expensive
diagnostic test is being used, in the absence of an
added benefit. In the latter case, costs are incurred
because patients are treated suboptimally, result-
ing in unnecessary persistence of poorly con-
trolled  blood pressure and  associated
cardiovascular events. Conducting a study should
result in either reducing or increasing the likeli-
hood that AVS is beneficial to patients. Assuming
that clinical practice will be adjusted accordingly
(i.e., AVS is offered less, or more, frequently to
patients with PA), this would result in a reduction
of those costs. This represents the “value of infor-
mation” in this context. This value can be com-
pared with the costs associated with conducting
the trial. Those costs need not be prohibitive, if
we may assume that, as long as the evidence has
not been produced, it is reasonable that half of the
patients would get the experimental procedure,
and half of them would not. The incremental

costs of conducting a trial would, then, consist of
developing a research protocol, obtaining
approval from the relevant review boards, devel-
oping patient information, setting up an infra-
structure for screening, informing and randomly
allocating patients, collecting, analyzing, inter-
preting, and reporting the data. A realistic esti-
mate of such costs would, in case of the
SPARTACUS trial (five centers, two European
countries, 200 patients, 3 year follow-up) be
approximately €650 K. Such costs should be
compared with the costs associated with reducing
the then existing uncertainty. These can be esti-
mated through modelling, which would, of
course, require several assumptions from experts.
Scenario analysis could be used to calculate best
and worst case scenarios. Important assumptions
underlying the value of information approach are
the following: (1) the study will, in fact, reduce
uncertainty. This assumption critically hinges on
the methodological quality of the trial and fea-
tures such as inclusion of an appropriate trial
population, accurate measurement of relevant
endpoints, maintenance of randomization
throughout a sufficiently long follow-up period
(i.e., limited loss to follow-up, limited missing
values, limited cross over or contamination, etc.).
(2) How the data from a novel trial compare to
currently available evidence. (3) Adjustment of
clinical practice in accordance with trial results.
If the trial results would suggest that AVS has, in
fact, added value as compared to CT, capacity for
conducting AVS would have to be augmented. If,
as was the case, the results of the trial suggested
that AVS does not have such added value, the
community needs to accept this and revise guide-
lines and practice accordingly. As already men-
tioned in the introduction of this chapter, this
may prove a considerable challenge (Durand
et al. 2015). A further challenge is posed by the
rapid pace of technological development: by the
time the results of a trial have become available,
the technology may have changed in such a way
as to make these data of limited relevance (the
“moving target problem”) (Sorenson et al. 2008).
Arguably, these aspects need to be taken into
account, alongside the formal value of informa-
tion analysis.
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Conclusion

The HTA of diagnostic imaging poses several
challenges. A key problem in recent years has
been the indiscriminate use of diagnostic ser-
vices, rather than the value of those services
per se. This has renewed interest in the devel-
opment of guidelines and in the monitoring of
the compliance with those guidelines. Clearly,
this requires the availability of evidence that is
both, robust and relevant to daily clinical prac-
tice. Following recent methodological guide-
lines (e.g., Schiinemann et al. 2008), we have
argued that conventional diagnostic test
research, resulting in information of diagnos-
tic test characteristics (sensitivity, specificity,
etc.) is insufficient to produce such evidence.
Instead, RCTs comparing different diagnostic
strategies in terms of their impact on clinical
outcomes, quality of life, and costs appear to
be more useful and capable of producing
information that is needed for a comprehen-
sive HTA of medical imaging technologies. A
drawback of such studies may be that they are
time-consuming and costly. We suggest that a
value of information approach may be helpful
in deciding whether a particular RCT seems a
worthwhile use of R&D resources.
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