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Abstract: In September of 2014, the American College
of Radiology joined a number of other organizations
in sponsoring the 2015 National Academy of Medicine
report, Improving Diagnosis In Health Care. Our presenta-
tion to the Academy emphasized that although diagnostic
errors in imaging are commonly considered to result only
from failures in disease detection or misinterpretation of
a perceived abnormality, most errors in diagnosis result
from failures in information gathering, aggregation, dis-
semination and ultimately integration of that information
into our patients’ clinical problems. Diagnostic errors can
occur at any point on the continuum of imaging care from
when imaging is first considered until results and recom-
mendations are fully understood by our referring physi-
cians and patients. We used the concept of the Imaging
Value Chain and the ACR’s Imaging 3.0 initiative to illus-
trate how better information gathering and integration
at each step in imaging care can mitigate many of the
causes of diagnostic errors. Radiologists are in a unique
position to be the aggregators, brokers and disseminators
of information critical to making an informed diagnosis,
and if radiologists were empowered to use our expertise
and informatics tools to manage the entire imaging chain,
diagnostic errors would be reduced and patient outcomes
improved. Heath care teams should take advantage of
radiologists’ ability to fully manage information related to
medical imaging, and simultaneously, radiologists must
be ready to meet these new challenges as health care
evolves. The radiology community stands ready work with
all stakeholders to design and implement solutions that
minimize diagnostic errors.
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Introduction

In September of 2014, the American College of Radiology
(ACR) joined the College of American Pathologists, the
American Society for Clinical Pathology, the Agency for
Healthcare Research and Quality, the Centers for Disease
Control and Prevention, The Doctors Company Founda-
tion, the Cautious Patient Foundation, the Kaiser Per-
manente National Community Benefit Fund at the East
Bay Community Foundation, the Robert Wood Johnson
Foundation and Janet and Barry Lang in sponsoring the
National Academy of Medicine (NAM) 2015 report, Improv-
ing Diagnosis In Health Care [1]. The NAM, formerly known
as the Institute of Medicine (IOM), produced this report as
a follow-up to the IOM reports To Err is Human: Building a
Safer System (2000) [2] and Crossing the Quality Chasm:
A New Health System for the 21st Century (2001) [3]. The
major premises of the NAM were that “the occurrence of
diagnostic errors has largely been unappreciated in efforts
to improve quality and safety in health care” and that
“most people will experience one diagnostic error in their
lifetime, sometimes with devastating consequences” [1].
As part its sponsorship of the report, the ACR had
the opportunity to present a number of existing initia-
tives from organized radiology to the NAM Committee on
Diagnostic Error in Health Care that demonstrate our spe-
cialty’s commitment to establishing a culture of improve-
ment and patient-centered care among radiologists and
to developing tools that can be made widely available to
all physicians and imaging facilities to reduce errors and
improve the care of the patients we serve. A common mis-
conception is that errors in imaging diagnosis are limited
to perceptual or cognitive errors when interpreting an
imaging examination. To the contrary, however, and
perhaps more importantly, errors in imaging diagnosis are
not limited to misinterpretation but can occur at any point
in the continuum of imaging care. The American College
of Radiology believes that the whole process — including
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having an accurate clinical history, appropriate selection
of imaging exam (if any), optimal imaging acquisition,
accurate interpretation, actionable reporting, and effec-
tive communication including follow-up and treatment
planning — can be enhanced to minimize diagnostic errors
related to imaging. A framework that is patient-centered
rather than physician-centered also reduces the risk of
diagnostic error by empowering patients in their medical
decision making.

The Imaging Value Chain and
Imaging 3.0: radiology’s framework
for improving diagnosis in health
care

Historically, radiologists have served primarily to ensure
satisfactory imaging is obtained, images are appropri-
ately interpreted and a report is rendered for the medical
record. However, many radiologists are expanding this
more traditional role and are now involved in the imaging
care of their patients beginning when imaging is first con-
sidered and ending only when our patients and referring
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physicians fully understand the results and recommen-
dations from their imaging studies. The “Imaging Value
Chain” [4-6] (Figure 1) is a framework that describes this
expanding role of radiologists, provides opportunities for
radiologists to make significant improvements in the care
we provide for our patients and establishes the founda-
tion of the ACR’s Imaging 3.0 patient-focused improve-
ment initiative [7]. Patient experience with imaging
typically begins with consideration of whether imaging is
necessary to establish or exclude a diagnosis, and when
necessary, determining the most appropriate examina-
tion. Patients need to be appropriately educated and pre-
pared before arriving for their imaging examinations, and
imaging protocols need to be tailored to answer the clini-
cal question informed by the patient’s history and prior
imaging examinations. Image acquisition must follow
appropriate procedures to avoid exams done on the wrong
patient or side or incomplete coverage of anatomy, which
may lead to incorrect or delayed diagnoses. Examina-
tions are interpreted by properly qualified and certified
physicians and an actionable report is created. Results,
including actionable recommendations, are reported to
the referring physician, and potentially the patient, in a
clear and timely manner to aid and inform treatment plan-
ning. The ordering physician then appropriately uses the
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Figure 1: Framework for patient experience with imaging and potential for diagnostic errors.

Source: Based on the Imaging Value Chain [4-6].
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information from the imaging report and consultation
with the interpreting physician, in combination with other
clinical information, to formulate a plan for the care of the
patient. Results and recommendations must also be clear
to our patients with processes in place to ensure appropri-
ate follow-up is obtained. Systematic feedback on imaging
physicians’ performance allows physicians to monitor
their quality and institute improvements as needed. Diag-
nostic errors may occur at any step of the process, and
guidelines, specialty society resources and technological
tools are available to reduce those errors. Figure 1 out-
lines the questions that should be asked by radiologists
and their imaging facilities at each step of the Imaging
Value Chain to ensure the care they provide is optimized
to reduce diagnostic error. The ACR Imaging 3.0 initia-
tive not only describes how radiologists can harness the
resources that are currently available to radiologists but
also outlines tools that can be developed and deployed
nationally to improve the care we provide for our patients
at each of these steps. The premise of the ACR’s Imaging
3.0 initiative is that if radiologists were empowered to use
our expertise and informatics tools to manage the entire
imaging chain, errors in diagnosis would be reduced and
outcomes improved. Our approach in our presentation to
the NAM is not unlike that of other reviews of diagnostic
errors [8]. We used our Imaging 3.0 initiative as a patient-
centered framework to 1) describe sources of diagnostic
errors as they relate to diagnostic imaging; 2) list resources
for reducing errors, 3) present available evidence about
the effectiveness of these resources and 4) make recom-
mendations for improvements to the health care system
(Table 1).

Decision to image, imaging
examination selection and patient
scheduling

Reducing diagnostic error in imaging begins with assur-
ing the correct examination is ordered. Inappropriate
imaging can lead to over-diagnosis or diagnosis can be
delayed if an indicated examination is not obtained.
Radiologists have an important role prior to imaging to
ensure imaging is appropriate, the correct examination
is performed and that patients are educated about their
examinations. Misdiagnosis can occur if an examination
is ordered and performed when imaging has very low
probability of providing impactful information leading
to unnecessary radiation exposure, over-diagnosis/
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treatment or an inappropriate diagnosis that delays or
hinders appropriate treatment. Furthermore, if imaging is
needed but an inappropriate examination for the clinical
circumstances is requested and performed, there may be
a need for additional follow-up examinations. And finally,
a negative result from an inappropriate examination may
lead to a delayed or missed diagnosis. Alternatively, phy-
sicians may feel pressure to do less imaging in order to
save resources and may not order necessary imaging
studies leading to a delayed or missed diagnosis. In cost
constrained environments, screening exams for at-risk
populations which can lead to early disease detection
and improved care may be omitted, and limited access to
prior imaging history may lead to unnecessary duplicated
studies. Finally, proper patient education and preparation
are often key to obtaining an optimal imaging examina-
tion, and improper patient preparation can be an addi-
tional source of diagnostic error.

A number of resources and tools are available to
improve the appropriateness of medical imaging and
improve patient experience. Evidence-based decision
support tools for ordering physicians not only let order-
ing physicians know whether an examination is appro-
priate but they can recommend alternative examinations
when the chosen examinations is not the most appropri-
ate. Over the past two decades the ACR developed the ACR
Appropriateness Criteria® [9] which are robust evidence-
based imaging referral guidelines that are included in the
National Guidelines Clearinghouse [10]. The Institute of
Medicine’s 2012 report Best Care at Lower Cost: The Path
To Continuously Learning Health Care in America [11] rec-
ommends, “Decision support tools and knowledge man-
agement systems can be included routinely in health care
delivery to ensure that decisions are informed by the best
evidence”. ACRSelect® [12] is a nationally available clini-
cal decision support (CDS) system that delivers the content
of the ACR Appropriateness Criteria® to the clinician at the
point of care. The tool integrates with electronic health
records (EHR) and order entry systems to provide guid-
ance on image ordering in conjunction with information
on patient history and status with little interruption of the
clinical workflow of the referring physician. In contrast to
the binary prior authorization process offered by radiol-
ogy benefit management companies, ACRSelect® provides
the referring physician other examination options so that
the most appropriate imaging examination is obtained.
The tool also can initiate a radiologist consultation to
supplement the content delivered electronically. The
ability to initiate a consultation with a radiologist when
the appropriateness score is low allows radiologists to
assist in ensuring the correct test is ordered in advance of
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Table 1: Sources of error, available resources and ACR recommendations.
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Sources of error

Tools and resources

ACR Recommendations to the NAM

Inappropriate examination
requested or appropriate
examination not requested

Appropriate screening not
performed

Prior imaging history not
available

Inadequate clinical history and
information not readily available
to radiologists in the EHR

Inadequate image quality

Unnecessary radiation exposure

Inadequate information
available at the time of
imaging interpretation and key
information not integrated
Physician perceptual and
interpretive error

Interpreting physician
knowledge gaps

Radiologist recommendations
not standardized or poorly
understood

Results not communicated in a
timely manner

Imaging outcomes not readily
available or benchmarked to
inform quality improvement
activities

ACR Appropriateness Criteria, Clinical
Decision Support for referring physicians
and registry reporting

ACR Appropriateness Criteria and national
specialty society guidelines

Image sharing technology and personal
imaging records

Data mining techniques and other EHR
enhancements to make more clinical
information readily available to radiologists

ACR Practice Parameters and Technical
Standards, ACR Accreditation and
consistent credentialing for radiologic
technologists

Image Wisely, Image Gently, CDS tools, and
medical physicists

EHR enhancements to make more
clinical information readily available to
radiologists, decision support tools for
radiologists

Structured reporting, computer-assisted
detection/artificial intelligence

Adequacy of training, peer learning,
computer assisted reporting and decision
support for radiologists

Evidence-based guidelines from national
specialty societies integrated into decision
support tools for radiologists

EHR integrated critical results management
tools for notification and managing
follow-up recommendations and scheduling
National data registries such as ACR NRDR
aggregate and benchmark data to provide
radiologists and their facilities information
to monitor and demonstrate quality

Promote clinical decision support for imaging
appropriateness and promote collection and
benchmarking quality and improvement data through
registry reporting

Promote appropriate evidence-based screening to
facilitate early disease detection

Promote image sharing technologies and personal
imaging records to ensure all available imaging data is
available to radiologists

Establish a culture of collaboration and improved
communication within the health care team and promote
improvements in EHR systems for seamless access to
patient information within the radiologist’s workflow
Promote state legislative requirements for robust
technologist credentialing and promote facility
accreditation and adherence to standardized protocols to
ensure optimal image acquisition

Promote the use of tools such as dose registries optimize
protocols to ensure lowest possible radiation exposure
Promote EHR systems enhancements to provide
information access at the time of interpretation for more
accurate and clinically focused interpretation related to
clinical diagnosis

Promote the use of structured reporting templates,

the use of informatics tools to improve detection,
interpretation and quality of recommendations

Promote informatics enhancements that create a culture
of peer learning and the use of radiologist decision
support tools to provide more information to radiologists
during interpretation

Promote the development of guidelines for standardized
recommendations incorporated into structured reports
that ensure patients and referring physicians understand
findings and recommendations

Promote EHR enhancements including development of
automated solutions for critical results notifications and
reminders for to ensure recommendations are followed
Promote the use of clinical data registries to promote
quality improvement, peer learning and outcomes
reporting

scheduling. Additionally, ACRSelect® provides informa-
tion regarding radiation exposure and can link referring
physicians with information from the American Board of
Internal Medicine’s Choosing Wisely® [13] campaign.

The Radiology Support, Communication and Align-
ment Network, R-SCAN™ [14], is a collaborative action
plan funded by the Centers for Medicare and Medicaid
Services (CMS) through a Transforming Clinical Practice
Initiative grant that brings radiologists and referring cli-
nicians together to improve imaging appropriateness
based upon a growing list of imaging Choosing Wisely

recommendations [15]. R-SCAN delivers immediate access
to Web-based tools and CDS technology that help physi-
cians optimize imaging care and prepare for more broad
implementation of CDS ahead of the Protecting Access to
Medicare Act of 2014 [16] mandate. Additionally, registries
and feedback mechanisms under development will soon
provide benchmarks to provide feedback to referring phy-
sicians. The feedback will be designed as an educational
tool for referring physicians and to channel information
from referring physician to the guideline development
process to facilitate improvements in guidelines. The ACR
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Appropriateness Criteria have been recognized as a tool
professional societies can use to prepare physicians for
health reform, and the ACR has actively supported legis-
lative efforts that bring evidence-based decision support
tools to the point of care [16, 17].

Studies on clinical decision support for ordering phy-
sicians have shown this solution reduces inappropriate
utilization [18, 19], which promotes patient safety and
should limit over-diagnosis and potential unnecessary
workup of benign incidental findings. In contrast to the
binary systems of prior-authorization programs used by
most radiology benefit management companies, clini-
cal decision support solutions improve the efficiency of
referring physicians and can suggest a more appropriate
alternative examination if the one initially considered is
not the most appropriate [20] likely improving disease
detection and early diagnosis. As clinical decision support
gains wider acceptance, data on improved patient out-
comes as a consequence of imaging decisions will become
available.

Radiologists play a key role in disease detection. For
many disease processes, imaging is often the best way to
establish an early diagnosis in order to begin appropriate
management. Multi-center trials have shown that appro-
priate screening for diseases such as breast cancer, colon
cancer and lung cancer can reduce mortality in appro-
priate populations [21-23], and further research, includ-
ing development of non-imaging biomarkers for certain
disease processes, may define the populations at great-
est risk for other diseases to ensure appropriate use of
imaging in early disease detection.

Radiologists from the ACR and the Radiology Society
of North America (RSNA) [24] have developed a patient-
facing portal, Radiologyinfo.org [25], to provide informa-
tion about imaging procedures and patient preparation
necessary for the procedures. Proper patient preparation
is often key to obtaining an optimal imaging examination
and reducing diagnostic error. Access to personal imaging
records can reduce diagnostic error by providing an
imaging history for patients. This helps avoid duplication,
limits radiation, and leads to the best follow-up examina-
tions. The RSNA Image Share [26] program is designed to
develop personal imaging records and facilitate access
of patient imaging information between facilities. ACR
TRIAD [27] is built to share images and data between facil-
ities, researchers and clinical data registries. Image Share
and TRIAD are examples of how the radiology community
is leading efforts to manage the wealth of information we
collect on our patients to improve care.

Diagnostic errors may also occur if potentially diag-
nostic imaging is not requested. Development of data
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mining and artificial intelligence tools that prompt phy-
sicians to consider appropriate imaging may also lead to
improved disease detection.

ACR recommendations to the NAM included promot-
ing clinical decision support for imaging appropriateness
and collecting and benchmarking quality and improve-
ment data about imaging appropriateness through reg-
istry reporting as well as appropriate evidence-based
screening based on established guidelines to facilitate
early disease detection. Imaging sharing technologies
should be embraced so that decision to image can be
based on knowledge from prior studies.

Protocol selection and image
acquisition

Radiologists prescribe imaging protocols that are based
on information provided to us by both our referring phy-
sicians and our patients. Inadequate information from
these sources as well as limited access to patients’ elec-
tronic health records (EHR) may lead to inappropriate or
inadequate examinations and delays or errors in diagno-
sis. Patient safety may also be affected if critical clinical
information such as contrast allergy is not available, and
patients might be subjected to unnecessary radiation expo-
sureif there is a need to repeat an examination. In addition,
patients might need to have their examinations resched-
uled if an alternate examination is determined to be more
suitable once a full clinical history is obtained, potentially
resulting in delayed diagnosis. Additionally, poor image
quality often leads to errors in diagnosis. Improper tech-
nique, inadequate equipment or image acquisition per-
formed by inadequately trained personnel (for example,
non-technologists performing radiographic imaging) may
lead to non-diagnostic images which can result in diag-
nostic errors or repeat imaging procedures. Unfortunately
state licensure requirements to ensure adequate training
for personnel performing diagnostic imaging examina-
tions are inconsistent and may not be stringent. Moving
advanced imaging to the bedside, such as point-of-care
ultrasound performed by non-radiologists, may introduce
another source for diagnostic error. These examinations
may vield poor clinical information resulting in over-diag-
nosis, under-diagnosis, or unnecessary referrals for addi-
tional imaging and more invasive procedures [28]. Finally,
government and private insurance payment policy often
prevents radiologists from correcting the examination
requested by our referring physicians, which can also lead
to inadequate examinations [29].
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EHRs can be tailored to provide radiologists informa-
tion on patient clinical and imaging history, allergies and
contraindications to assist in protocol selection but need
to be integrated with radiology information systems (RIS)
to efficiently provide necessary information to radiolo-
gists. ACR Practice Parameters and Technical Standards
[30] assist in examination design and protocol creation
and promote standardization to ensure uniformity of
examinations. The pediatric imaging radiation protection
campaign, Image Gently [31], provides optimized proto-
cols for pediatric examinations. The ACR Accreditation
process [32], with modality specific accreditation pro-
grams and image review, establishes standards for image
quality and also educates facilities on how to improve.
There is evidence that there is improved image quality
on examinations that follow accreditation specifications
and participate in accreditation programs [23-35]. Site
accreditation can provide assurance to patients and refer-
ring physicians that their facilities are meeting national
requirements for adequacy of personnel, image proto-
cols and image quality. Medical physicists should also be
considered integral members of care team. They are able
to monitor technical parameters that ensure diagnostic
quality images are obtained with the lowest possible radi-
ation exposure while ensuring image quality is sufficient
to support accurate interpretation and diagnosis. The
American Association for Physicists in Medicine (AAPM)
[36] recommends protocols to standardize practice across
scanners from different manufacturers to optimize image
quality while adhering to ALARA (As Low As Reasonably
Achievable) [37] radiation exposure principles. While
not directly related to improving diagnosis, unnecessary
exposure is a patient related error that can arise from the
image acquisition process. The Image Gently [31, 38] and
Image Wisely [39, 40] campaigns offer ways to mitigate
patient risk by optimizing exposure to ionizing radia-
tion. The ACR Dose Index Registry benchmarks imaging
facilities against national and regional norms in order to
provide guidance for sites in adjusting their computed
tomography protocols [41].

Our recommendations to the NAM highlight that
although radiologists are the experts in choosing the
optimal protocol for imaging examinations, they require
appropriate clinical information to inform their deci-
sions. Improvements in EHR system interoperability can
create seamless access to patient information within the
radiologist’s workflow so that the correct protocol is used
and payment policies must allow proper protocolling and
not restrict radiologists from using their expertise. Pro-
moting consistent requirements for technologist creden-
tialing in all states and promoting facility accreditation
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and use of practice parameters can help eliminate poor
image quality as a source of diagnostic errors in radiology.

Interpretation and reporting

Physicians’ failure to detect a significant imaging finding
may also lead to errors in diagnosis. This is more frequent
when a structured analysis of the imaging procedure is
not followed, and can be minimized by use of structured
reporting formats. Additionally, a physician may perceive
an abnormality but incorrectly conclude it is a benign
finding, or conversely, a benign finding may be misinter-
preted as clinically significant leading to over-diagnosis
and unnecessary additional care and patient anxiety. The
volume of available medical information and evidence-
based guidelines is increasing rapidly, and physicians
without access to up-to-date clinical guidance or patient
specific information from the patient’s medical record
may misinterpret what they observe. A physician may
suggest an incorrect diagnosis or be unaware of appropri-
ate evidence-based recommendations for follow-up, lack
of access to prior examinations may also result in a diag-
nostic error. For example, having an older study showing
that a lesion is stable over time would likely indicate
benign disease. Even with accurate detection and inter-
pretation, incomplete or ambiguous reporting may result
in inadequate or inconsistent recommendations for our
referring physicians and patients and impede appropriate
care or lead to errors in diagnosis.

With advances in artificial intelligence and machine
learning, computer-aided detection (CAD) may play an
increasingly important role in improving disease detection
and characterization. Machine learning will be valuable to
radiologists in assisting in discovery, quantification and
characterization of lesions and in providing opportuni-
ties for radiologists to take on a larger role in information
interpretation, integration and communication. Lexi-
cons and algorithms, such as the BI-RADS® system [41,
42], can provide a common format structured for reports,
evidence-based recommendations based on the imaging
findings, a communication system for referring physi-
cians and patients, a critical result management system,
and a quality monitoring framework with registry report-
ing. Peer review programs with emphasis on peer learn-
ing help radiologists identify incorrect interpretations
or recommendations and suggest areas for educational
focus. Future advancements in peer review programs
might include self-assessment cases embedded in the
daily workflow to help guide the educational activities
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of the interpreting physicians. Standardized reporting
and standardized templates ensure complete evaluation
of the imaging examination and can assist many aspects
of interpretation and reporting. Recommendations on the
appropriate management of actionable findings use evi-
dence-based guidelines to standardize specific diagnoses
that require immediate attention thus ensuring prompt
communication of the findings to appropriate members
of the patient care team. Additionally, evidence-based
guidelines on appropriate management of incidental find-
ings promote appropriate and standardized management
of incidentally detected abnormalities, many of which
will not be clinically significant. EHR enhancements can
ensure appropriate members of the care team are noti-
fied and registries can create reminder systems to ensure
appropriate follow-up is obtained. Development of com-
puter-assisted reporting tools, which are best understood
as decision support tools for radiologists, is well underway
within the ACR and at a number of academic practices.
ACR Assist™ [43] is a clinical decision support framework
designed to provide structured guidance to radiologists
in a manner that incorporates evidence-based clinical
guidance into the radiology workflow. The core clinical
components that comprise ACR Assist™ content include
structured classification and reporting taxonomies such
as the ACR Reporting and Data Systems (RADS) (LI-RADS
[44], PI-RADS [45], and Lung-RADS [46]) and care path-
ways and algorithms such as those found in the ACR Inci-
dental Findings White Papers [47] and classification and
communication recommendations for actionable findings
[48]. The ACR “RADS” define standardized categories to
be included in imaging reports for a variety of clinical
conditions and examinations. They offer guidance and
structured reporting templates for management recom-
mendations that are generally supported by lexicons and
example images to define and describe standard terminol-
ogy. Appendix 1 provides summaries of current and devel-
oping ACR resources for integration into ACR Assist™.,
The goal of ACR Assist™ is to provide this content in a
structured, vendor-neutral manner that allows our radi-
ology reporting platforms to provide this guidance to
radiologists during interpretation and reporting. Consid-
erable evidence indicates tools that improve physicians’
knowledge gaps, inform structured report templates and
bring clinical information and guidelines for recommen-
dations to the reporting platform can decrease diagnos-
tic error. Access to prior images reduces the rates of false
positives and unnecessary follow-up imaging [49], and
peer-review and peer-learning improve interpretation
quality [50]. Of the RADS tools, diagnostic accuracy has
been studied most using BI-RADS® which has consistently
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been shown to improve accuracy and the quality of inter-
pretations in breast imaging [49, 51-56].

To reduce the risk of diagnostic error in imaging
interpretation and reporting, the ACR recommends that
image interpretation should be performed by appropri-
ately trained physicians who maintain their skills with
education and quality improvement activities. The risk
of misdiagnosis and overuse of resources associated with
moving advanced imaging studies to the bedside that are
subsequently interpreted by physicians with limited train-
ing should also be considered as care pathways change
due to more universal access of imaging equipment.
Additionally, we support a number of enhancements to
EHR systems that will deliver in depth patient information
to the radiologist at the time of interpretation to improve
diagnostic accuracy and diminish errors. Furthermore,
widespread adoption of point-of-care radiologist decision
support systems and computer-assisted reporting tools
(such as ACR Assist™) will significantly reduce varia-
tion in radiologists’ recommendations and likely reduce
diagnostic errors. Payment policy incentives through the
Medicare Quality Payment Program [57] could promote
continuous physician learning through enhanced edu-
cational opportunities, inform deficiencies and provide
pathways for targeted education.

Communication of results
and recommendations

Incomplete, unclear, or non-standardized communica-
tion in radiology reports may lead to misinterpretation of
the results by referring physicians and patients leading
to either inappropriate treatment or lack of treatment.
Delayed reports, particularly for urgent conditions, may
result in delayed diagnosis and treatment, and lack of
communication of the imaging findings to the patient
may hinder appropriate implementation of therapy or
follow-up. Direct patient communication from radiolo-
gists through patient portals and radiology consultation
services allows patients to receive information about their
medical imaging studies and empowers them to be more
involved in their imaging care which will lead to better
compliance with recommendations for follow-up [58].
The ACR Practice Parameter For Communication Of
Diagnostic Imaging Findings [59] defines optimal commu-
nication of diagnostic imaging findings to ensure trans-
mission of critical diagnostic information to the ordering
physician. However, communication tools embedded in
the workflow of both radiologists and referring physicians
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will better ensure accurate communication of actionable
findings. In addition to the “RADS” reporting formats pre-
viously discussed, the radiology community is developing
standardized terminology to describe clinical indications,
imaging procedures and findings. Standardizing the
terminology in radiology reports should reduce ambigu-
ity for treating physicians and will allow interoperability
of informatics tools from decision support for the order-
ing physician to registry reporting of actionable find-
ings. There are a number of available tools and resources
to assist radiologists in standardizing communication.
Structured report templates have been developed by the
RSNA [60] and individual radiology departments and
practices. As discussed above, computer-assisted radiol-
ogy reporting tools can integrate the contents of RADS and
recommendations for managing incidental and action-
able findings into the physician workflow through our
reporting platforms to improve clarity and consistency of
radiologists’ communication. Standard lexicons such as
RADLEX Playbook [61] and ACRcommon™ [62] help syn-
chronize patient data contained in disparate systems such
as EHRs, clinical decision support systems, radiology
reporting platforms and clinical data registries. Informat-
ics initiatives will allow structured reporting templates
to integrate RADS and other guidelines into radiology
reporting tools to help standardize communication.
Proper interpretation without effective communica-
tion provides little value to patients and referring physi-
cians. Clarity, consistency, completeness, and timeliness
of communication are essential to reporting findings
and recommendations with minimal error and variation.
Workflow integration using informatics tools to bring
evidence-based decision making to the point of care and
interpretation is a critical component of communicating
radiological findings and is key to minimizing diagnos-
tic errors. Patient access to their imaging reports via web
based portals can ensure communication but must be bal-
anced with the referring providers’ need to put imaging
findings in proper context with other clinical information.

Developing an infrastructure to
reduce error

Reducing errors in diagnosis is contingent on having
systems that collate data and track patient outcomes.
Clinical data registries allow physicians to monitor their
quality improvement activities and take steps to reduce
diagnostic errors. Measuring physician quality is a stated
goal of the Medicare Quality Payment Program (QPP) [57]
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that is a pay-for performance program that requires phy-
sicians to submit data on quality. Bonuses or payment
reductions are tabulated based on performance against
various quality and improvement metrics [57]. For essen-
tially all of the quality and improvement measures in
the QPP, CMS recommends reporting through Qualified
Clinical Data Registries. The ACR National Radiology Data
Registry (NRDR) program is a collection of CMS Quali-
fied Clinical Data Registries designed to assist radiolo-
gist performance improvement and data reporting to the
QPP. Registries in the NRDR program are being updated so
they are able to collect data in real time through the EHR,
imaging equipment, the reporting platforms or the PACS
and are available to enrolled radiology facilities and phy-
sicians to monitor key metrics, benchmark performance
relative to other facilities and practices, and improve
overall performance. Dashboards as part of a quality man-
agement framework can identify the aspects of radiologi-
cal care that are most meaningful to monitor for improved
diagnostic performance.

Establishing a culture of optimal
radiological care

There are cultural issues in our health care system that
contribute to error in diagnosis. In the past, radiologists
have been generally removed from the referring physi-
cians’ decisions to order diagnostic imaging and because
almost all outcome metrics are contingent on the treat-
ment pathways and other aspects of care that occur after
a diagnosis is made, radiologists have not been part of
the development of outcomes metrics. Better integration
of radiologists into the health care team provides oppor-
tunities to ensure interpretations are performed in the
context of the patients’ clinical conditions, radiologists’
recommendations are understood by referring physicians
and patients and that appropriate actions are taken. We
believe that the informatics tools described above can be
leveraged to accelerate this shift in the culture of medical
care surrounding diagnostic imaging.

Campaigns such as the RSNA Radiology Cares: The
Art of Patient Centered Radiological Care [61] provide the
imaging community with concrete examples of how radi-
ologists can lead a culture shift toward patient-centered
imaging care. The ACR Imaging 3.0 initiative is a strategy
to enhance radiologists’ roles in optimizing the value of
imaging in medical care including minimizing diagnostic
errors. Imaging 3.0 [7] has three key components that 1)
promote a culture shift and awareness not only with our
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specialty but also within the entire medical community to
leverage the value that radiologists provide beyond inter-
pretations throughout the entire imaging care episode;
2) develop and promote informatics and other tools that
will maximize the opportunities for appropriate use of
imaging, accurate interpretations of imaging studies with
appropriate recommendations and fail safe communi-
cations mechanisms so that diagnosis and appropriate
therapy is not delayed; and 3) foster collaborations beyond
radiology to align incentives not only within the house of
medicine but also with payers and federal policy makers
to provide optimal care for patients because without a
shared vision to do what’s best for our patients, meaning-
ful change will be slow to occur.

Conclusions

Diagnostic errors in imaging are commonly considered to
result only from failures in perception or cognitive error
resulting in misinterpretation of a perceived abnormal-
ity on an imaging examination. In fact, in the report, the
NAM emphasizes that optimization of information gather-
ing, integration and interpretation are critical to improv-
ing diagnosis in health care. Their recognition that the
diagnostic process is a “dynamic team-based activity”
and their recommendation to support inter-professional
teamwork early on in the process matches our approach in
expanding radiologists’ traditional role in the diagnostic
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process [1]. The NAM recommendations highlight the
understanding that diagnostic errors in imaging can occur
at any point on the entire continuum of imaging care from
when imaging is first considered until the results and rec-
ommendations are fully understood by the referring phy-
sicians and patients, and opportunities for improvement
exist at each step in the Imaging Value Chain. Successful
aggregation, dissemination and communication of all
information related to imaging is critical so that the health
care team can establish the correct diagnosis and patients
can have all of the information they need to make informed
decisions about their care. The ACR Imaging 3.0 initiative
underscores the premise that radiologists are in a unique
position to be the gatherers, aggregators, brokers and dis-
seminators of the that information, and that if radiolo-
gists are empowered to use our expertise and informatics
tools to manage the entire imaging chain, errors in diag-
nosis would be reduced and patient outcomes improved.
Heath care teams should expand the role of radiologists
beyond disease detection and image interpretation to take
full advantage of radiologists’ ability to aggregate, collate
and disseminate information and simultaneously radiolo-
gists must step up to meet this new challenge. Effective
communication (Figure 2) between members of the health
care team and our patients is necessary to ensure appro-
priate imaging is requested and consistent, accurate and
impactful standardized reports result in improved patient
care. This is critical to reducing diagnostic error. The radi-
ology community is firmly committed to quality improve-
ment and stands ready to work with all stakeholders to
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design, implement and disseminate solutions to minimize
errors in diagnosis.
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Appendix 1: Radiologist decision
support tools

Reporting and Data Systems (RADS)

Currently in place

— BI-RADS® includes definitions of assessment catego-
ries that are associated with different probabilities
of malignancy for breast cancer, management rec-
ommendations, lexicon of standard terms, and atlas
of example images. BI-RADS® includes three breast
imaging modalities - mammography, ultrasound and
MRI. The recently released 5th Edition is available
as print and e-books, and is licensed to vendors for
implementation in reporting systems.

— C-RADS includes standardized reporting, risk assess-
ment and management tool for colorectal and extra-
colonic CT findings.

— CAD-RADS™ includes standardized reporting
through a decision- making tool for patient manage-
ment and patient outcomes. CAD-RADS is a multi-
society, multi-disciplinary system that improves the
communication of coronary CT angiography (CTA)
findings to referring physicians.
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— LI-RADS® includes assessment categories, manage-
ment recommendations, lexicon of terms, and atlas
of images for diagnosis of hepatocellular carcinoma
(HCC). LI-RADS covers CT and MRI; the section on
ultrasound is in early stages of planning. This is avail-
able freely under a creative commons license for non-
derivative non-commercial use.

— Lung-RADS™ includes assessment categories and
management recommendations for CT screening for
lung cancer. The Atlas and lexicon are in early stages
of development. This is freely available with creative
commons license for non-derivative commercial use
to encourage more systems to implement it.

— PI-RADS v2 includes assessment categories, manage-
ment recommendations, lexicon,

— and atlas for MRI for prostate cancer.

— TI-RADS includes a lexicon, assessment categories,
and guidance recommendations for thyroid nodules
in ultrasound imaging.

In development

— NI-RADS is in early stages of development and will
provide surveillance and management recommenda-
tions for patients with head and neck cancer.

— O-RADS is in early stages of development and will
provide a lexicon, assessment categories, and risk
stratification for ovarian and adnexal masses.

— TBI-RADS is in early stages of development and will
assess the severity of brain trauma and provide man-
agement recommendations.

Planned/considered

—  Spine-RADS for spine imaging

- Possibly Gen-RADS to cover all imaging without any
specialized guidance, and not covered by actionable
or incidental findings

Incidental findings papers

Published

- Managing Incidental Findings on Abdominal CT [46]

- Managing Incidental Findings on Abdominal and Pel-
vic CT and MRI [46, 62—65]

— Managing Incidental Thyroid Nodules Detected on
Imaging: White Paper of the ACR Incidental Thyroid
Findings Committee [66-68]

In process:
— Management of Incidental Adrenal Masses: A White
Paper of the ACR Incidental Findings Committee
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Management of Incidental Liver Masses: A White
Paper of the ACR Incidental Findings Committee

Management of the Incidental Pancreatic Cyst: A
White Paper of the ACR Incidental Findings Committee
Management of the Incidental Renal Mass on CT: A
White Paper of the ACR Incidental Findings Committee
Management of Incidental Findings on Thoracic CT:
White Paper of the ACR Incidental Findings Committee
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